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1. Introduction
As approved in RAN #80 and updated in RAN #81, following objective as one of Rel-16 WID MIMO enhancement objectives for NR shall be started from RAN1 94bis meeting to enhance multi-TRP/panel transmission with ideal and non-ideal backhaul in Rel-16 WID [1]:
Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI.

Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3

Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs

Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching

Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.


2. Proposals for Online/Offline Discussion 
2.1.  Multiple-PDCCH based multi-TRP/Panel transmission
As stated in the MIMO objective of enhancements on multi-TRP/panel transmission for both ideal and also non-ideal backhaul scenario, multiple-PDCCH based multi-TRP/panel transmission is supposed to address the scenario of non-ideal backhaul scenario at least. Therefore it can be a reasonable starting point of discussion to define/refine the “boundary” of NCJT transmission in Rel-16 supported by multiple-PDCCH. This topic was also discussed and agreed in Rel-15. The majority of companies, e.g. ZTE, Vivo, MediaTek, Fraunhofer, Nokia, Qualcomm, OPPO, Spreadtrum, DOCOMO, prefer to limit the supported CWs for PDSCHs scheduled by multi-DCI to 2. Further details of companies’ positions can refer to the summary in section 4. We have following proposal: 

· [Draft for offline] proposal # 1: 
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC, ZTE, LGE, Ericsson
	Support this proposal

	QC
	Support.
Our view is that the impact to UE complexity should be carefully considered especially for the multiple-PDCCH based design. Expecting the UE to decode two DCIs and 3 CWs with multiple TCI states all in a given slot may be too much.
We understand that with 8Rx at the UE and only 2Tx at each TRP, it is possible to achieve more gains if 3 TRPs / 3 CWs are allowed. However, this may be a corner case, and additional UE complexity may not worth it.

	Panasonic
	Regarding the concern of UE complexity in terms of decoding multiple DCIs within a slot, as we mentioned in our contribution that even now UE is equipped to decode multiple DCIs within a single slot for  DL assignment, UL assignment, SIB assignment, TPC, etc. So in our opinion, the UE complexity in that regard should not have serious impact.
However, for the sake of not spending too much time and looking at the majority, we are fine to support this proposal

	vivo
	Support this proposal

	MTK
	Support this proposal

	OPPO
	Support

	CMCC
	Support

	Samsung
	Rel-15 NR already support rank 8 codebook and MU MIMO transmission with up to 12 orthogonal DMRS ports, which permits potential implementation of up to 8Rx at the UE side. Taken into account that up to 3 CWs can be naturally supported by the existing DMRS structure, the UE complexity, which could be properly handled by UE capability signaling supports, should not be the only reason to limit performance. 

	Lenovo, Motorola Mobility
	Support this proposal

	DOCOMO
	Support this proposal

	IDC
	Support the proposal

	CATT
	Support this proposal

	AT&T
	Support this proposal and we don’t see the case for 3 CW 

	Intel
	Support this. To support 3 DCI multi-TRP Tx, it is not only UE complexity but we are opening discussions to support 3 HARQ-ACK codebooks, 3 power control loops, joint HARQ-feedback for 3 DCIs and so on which is an order of magnitude more work in RAN1 to discuss and specify.



For multi-PDCCH based scheduling, the NW implementation mainly focuses on semi-static coordination between schedulers of multiple TRPs, if the backhaul is non-ideal. In terms of PDSCH resource allocation restrictions, companies have shared their views about what the UE may be expected if NCJT is enabled by balancing UE complexity and the NW implementation flexibility. Based on the review and in our understanding, six companies including ZTE, HW, Nokia, DOCOMO, NEC and ATT may prefer to have full flexibility at the certain expense of UE implementation; four companies including LGE, Lenovo, Spreadtrum and OPPO may prefer to have Alt2 with always fully/non-overlapped PDSCH allocation restriction among multiple TRPs; 12 companies including HW, Vivo, MediaTek, Samsung, Intel, Panasonic, Ericsson, QC, CMCC, CATT, NEC, DOCOMO  may be acceptable for Alt3, which can be considered as a compromise between Alt1 and Alt2. Some clarifications or further restrictions were also mentioned, e.g. OPPO for BWP, MTK for PRB bundling. Therefore from the FL perspective, we propose to adopt Alt3 with following changes: 
· [Draft for offline] proposal #2: 
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· Alt 3: the UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:	Comment by min zhang: Supported by HW, NEC, ZTE, QC, Panasonic, vivo, Ericsson, APT, MTK, OPPO, CMCC, SS, DOCOMO,  APT, ATT, Intel
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI states with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The PDSCHs should be scheduled with the same active BWP bandwidth and the same SCS if a UE is expected to be received them simultaneously at given symbols. 
· Support PDSCH mapping type A+A from two co-scheduled PDSCHs, Further study whether/how to support PDSCH mapping type A+B and PDSCH mapping type  B+B
· FFS: Alignment of PRG-level grid from multiple TRP
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately. 	Comment by min zhang: Discuss in proposal 4
 
[Draft for offline] proposal #2: 
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· Alt 3: the UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI states with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· Support PDSCH mapping type A+A from two co-scheduled PDSCHs, Further study whether/how to support PDSCH mapping type A+B and PDSCH mapping type  B+B
· FFS: Alignment of PRG-level grid from multiple TRP
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately. 

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Support this proposal.

	ZTE
	We are fine to go for Alt.3. But we propose that one more condition is included for full/partial overlapping PDSCHs: 
For full/partial overlapping PDSCHs, the resource allocation of the PDSCHs should be aligned in the PRG-level grid to the UE with PRG=2 or 4.
With this restriction, UE can do the channel/interference estimation for both PDSCHs in the same PRG. This is to further reduce the complexity of UE implementation and gNB scheduling.

	QC
	Support.
We think the rate matching behavior for PDSCH/DMRS should be clarified as part of this proposal as follows (as it is very much related to the restrictions):
“For fully/partially overlapped PDSCHs, UE expects that the first / second PDSCH is rate matched around DMRS ports of the second / first PDSCH, respectively, in both overlapping and non-overlapping RBs. UE is expected to be semi-statically configured with CDM group partitioning corresponding to the DMRS ports of the two PDSCHs before multi-TRP operation”

The second condition above is due to non-ideal backhaul assumption in this proposal. In this case, the number of CDM groups w/o data (across TRPs) does not need to be indicated to the UE dynamically (e.g. the number of CDM groups w/o data can never be 1 in this case, but can be 2 or 3). Furthermore, such RRC configuration can serve the purpose of TRP differentiation based on the antenna port(s) field in the DCI.
Also, we prefer to write the other constraints from UE’s point of view, e.g., “UE is expected / is not expected to …” for more clarity.  
 

	LGE
	Prefer Alt 2.
For partial overlapped case, we have questions for clarification. 
In large backhaul delay case, we wonder how each TRP determines MCS/rank given that a TRP is not aware of whether NCJT or single point transmission and how much RBs are overlapped. 
Regarding first restriction in Alt 3, we need to consider DMRS shift due to CRS. If one TRP transmits CRS and another TRP does not, how does this restriction work?
Even with third restriction in Alt 3, in our understanding, UE needs to decode two DCIs to receive a PDSCH because in order to calculate separate interference covariance matrix for overlapped RB and for non-overlapped RB UE needs RA for PDSCH 1 and PDSCH 2.
Also, we need to look at the impact of different PRB bundling size on eIRC implementation. Specifically, if PRB bundling size is different, even in bundled RBs UE conducts not only eIRC for overlapped RBs but also IRC for non-overlapped RBs, which may increase UE implementation burden. In addition, UE need to calculate two different interference covariance matrix even in bundled RBs.
 Finally, we think PDSCH rate matching at least for DMRS is closely related to partial overlapped case and should be discussed together. In partially overlapped case, PDSCH resource can be wasted due to inefficient PDSCH rate matching for DMRS. Specifically, if CDM group indication is used for rate matching, PDSCH resources for non-overlapped RB are wasted.



	Panasonic
	In principle, we support this proposal, but in our understanding, there are number of issues that need to be clarified:
1. What combinations of mapping types are allowed and how it impacts the restrictions to be applied?
We think it is necessary to discuss this as a part of this proposal because how to realize this restrictions, especially related to DMRS, would become quite difficult in certain cases. Actual scheduling of the two PDSCHs in terms of the starting position (in case of mapping type B), number of symbols in PDSCH will have an impact on how to realize these restrictions. For example how is it possible to ensure that both PDSCHs have the DMRS symbols (mainly additional) on same location without having information about the dynamic scheduling? Otherwise, these restrictions would mean that everything related to DMRS is semi-statically configured instead of any dynamic indication. From our point of view, it is not the right direction.  

For this purpose and possibly other reasons, we think it is important to consider how to apply these restrictions. The TRPs should utilize only the existing semi-static information such as DMRS configuration, configured number of additional DMRS. Then the TRPs should use this semi-statically shared information to handle the dynamic scheduling and configuration such that orthogonality of DMRS-DMRS and DMRS-data is achieved. At least following detail for mapping type A to achieve the restrictions in the proposals should be considered:

“Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s)” (valid for both mapping types)

If combination of mapping type A and B or B and B are also considered, then more details/restrictions will be needed

2. As also mentioned in our contribution, we agree with QC’s proposal regarding semi-static configuration of CDM groups to each TRP. This will allow the TRP to prevent scheduling data on the CDM groups that are not used by that TRP for DMRS. Following restriction or clarification could be added

“TRP is not allowed to schedule data on the CDM groups that are semi-statically configured for other TRPs”

3. We also agree we QC’s proposal to clarify these restrictions from UE point of view

	vivo
	Support with further restriction that:
1. DMRS mapping type of two TRPs should be same, e.g., A+A or B+B
1. Independent PDSCH scheduling only applies to semi-static BWP switching.


	Ericsson
	Support the proposal. We don’t see the need for semi-static allocation of CDM groups to each TRP. From UE perspective, the UE is scheduled two PDSCHs where the DMRS ports corresponding to the two PDSCHs are in different CDM groups. This can happen dynamically by re-use of the existing Rel.15 antenna port indication table. The UE is not expected to receive a NC-JT scheduling with only a single CDM group without data. Furthermore, we don’t see the need to optimize the specification and efficiency for the partially overlapping case as it will not happen in reality due to semi-dynamic coordination of NC-JT resources between gNBs.  In addition, we support PDSCH type A + type A for NC-JT and whether other PDSCH type combinations and use cases for NC-JT with multi-PDCCH need to be further justified.

	APT
	In principle we agree PDSCH resource overlapping issue with certain restrictions. But one step further for detail, suggest separate each aspect (such as BWP, PRB bundling, DMRS config) to discuss in terms of individual sub-bullet items. In that sense it will be easy to focus and easy to reach consensus.

	MTK
	We support Alt2 and can accept Alt3 as a compromise with additional constraints:
1) the number of CDM groups without data is always the maximum value
2) PRB bundling is aligned for its size and boundary among coordinated TRPs
3) Limit the scope to mapping type A + type A first; other combinations are FFS.
4) FFS for BWP switching
Our main concern is collision between DMRS and PDSCH. We agree with ZTE’s proposal that “the resource allocation of the PDSCHs should be aligned in the PRG-level grid to the UE with PRG=2 or 4”. It is helpful for UE’s interference handling, similar to the constraint on PRB bundling alignment.
Regarding BWP switching, allowing trigger from only one TRP and introducing 
constraint on the BWP bandwidth associated with another TRP is good enough. Use cases for multi-TRP transmission requiring very flexible BWP switch for both two TRPs seem not clear yet.

	OPPO
	Alt.2 is preferred. Alt.3 is acceptable with additional restriction that the same PDSCH mapping type is used for the PDSCHs.

	CMCC
	Support the proposal.
In order to preserve the flexibility of scheduling as much as possible, the UE may be scheduled with full/partial/non-overlapped PDSCHs/PDCCHs at time and frequency domain. In this case, for overlapped PDSCH and PDCCH, at least the performance of DMRS channel estimation should be guaranteed.

	Samsung
	We’re fine for Alt.3 but need to be careful to address too many restrictions over the current statement, especially for the frequency domain resource allocation aspects. Although it would be good to have further study on the misalignment between TD-RA from different DCIs, we don’t see clear motivation on the same/similar exercise for FD-RA since Rel-15 NR had not reported such critical issues for MU MIMO transmission/reception based on the same architecture. Rather than introduce such complex restrictions, considering simple UE implementation that only supports Alt.2 for some UEs may be better.
Regarding PDSCH mapping type, support of mapping type B for NCJT should benefit at least for PDCCH load balancing.

	Lenovo, Motorola Mobility
	We prefer Alt 2 to Alt 3. 
In our contribution (R1-1902161), we analyzed Alt 3 with its restrictions on DMRS. Effectively the extra flexibility of Alt 3 compared with Alt 2 does not buy additional time domain resource if there is another PDSCH after the assignment. It requires additional calculation at the UE side for the overlapping and non-overlapping resources. It is also difficult for TRP to calculate the MCS without knowledge of the resources used by the other TRPs.  All these factors considered, we believe it is not worthwhile to adopt Alt 3. Alt 2 is both simple and effective, and should be adopted.  

	DOCOMO
	Fine to support this proposal.
We also agree to write the other constraints from UE’s point of view.

	APT
	In principle we agree PDSCH resource overlapping issue with certain restrictions. But one step further for detail, suggest separate each aspect (such as BWP, PRB bundling, DMRS config) to discuss in terms of individual sub-bullet items. In that sense it will be easy to focus and easy to reach consensus.

	Nokia
	We do not think first sub-bullet is needed considering rate matching is still to be discussed in more details. 
To allow flexibility of scheduling a TB not only for first transmission and but also for retransmissions (CBGs), it should be allowed that each TRP has enough flexibility in the scheduling. Also, we need to consider that if we define any restriction for one TRP assuming that there will be multi-TRP transmission for an UE, the TRP will have to assume the worst-case scenario (assuming all UEs capable of multi-TRP will be supported by multi-TRP transmission) when there is no ideal backhaul between TRPs. We think that rate matching should be discussed together without putting restrictions at this stage. 

	HW 
	Alt 1 is the first choice and Alt 3 is our second choice as a compromise

	CATT
	We support Alt.3 in principle. However, the following issues should be further considered/ clarified.
1. DMRS location
At least for mapping type A+A, the same DMRS symbol location of both PDSCHs should be kept as much as possible. In addition, the allocation of CDM groups prior to transmission can guarantee the separation of DMRS ports from different TRP for non-ideal backhual. And then, rate matching indication of PDSCH A around DMRS ports from TRP B can be achieved by using the information field “CDM group without data” in DCI. As the association between CDM group and TRP is transparent to UE, and the same signalling for DMRS ports allocation as in Rel-15 can be reused, multiple PDSCHs can be supported with minimized spec. impact.
It’s noted that the location of actual DMRS symbols depend not only on the RRC configuration but also on the scheduling duration. Therefore, if the same actual DMRS symbol location of both PDSCHs need to be kept, some further restrictions are necessary. For example, fully overlapped resource allocation of PDSCHs in time domain can be considered for multiple-PDCCH based NC-JT transmission. 
2. PDSCH mapping type
The PDSCH mapping type supported in multiple-PDCCH based NC-JT transmission should be clarified. As a starting point, type A+A should be discussed first. The support of type B+B or A+B might still need further study. 

	AT&T
	We prefer Alternative 1. If some UE vendors have the problems with partial overlapping resources, we propose to use a different UE capability to indicate to the network 

	Intel
	Support, we prefer to support Type A + Type A and have FFS for other options




To support efficiently multi-PDCCH based PDSCH transmission with non-ideal backhaul, as different TRPs can transmit separated DCI possibly in the same slot, the UE need to be configured to monitor and receive multiple DCIs and also differentiate each DCI corresponding to which TRP/PDSCH/PDCCH. The clarification of this mechanism is also important and fundamental for further design, e.g. related to UL indication associated to specific PDSCH transmission in prior, HARQ combining. 
So far several solutions are identified among proponents, e.g. HW, CATT, ZTE (CORESET group) may prefer to configure multiple “PDCCH-config” by which one “PDCCH-config” represents one transmission link from one TRP, or Nokia/OPPO/QC/Spreadtrum/DOCOMO/CATT/Vivo may prefer to use “CORESET” or “search space sets”, or LGE/Sony(TCI states in CORESET) may prefer to receive multiple PDCCH within single CORESET, resulting some new considerations of CORESET configuration details. OPPO/Vivo/DOCOMO has also raised concerns for the number of CORESETs due to multiple TRPs, each of which will reserve at least one UE-specific CORESET. Further details can refer to the summary in section 4. 

[Draft for offline] Proposal 3:  To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), at least for eMBB with non-ideal backhaul, following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs, down-select one from following alternatives: 
· Alt 1: support multiple “PDCCH-config”s per BWP per serving cell so that CORESETs/search space sets in each “PDCCH-config” correspond to one TRP.  	Comment by min zhang: 10: NEC, ZTE, QC, Panasonic, MTK, Lenovo, Nokia, IDC, CATT, HW 
· Alt 2:   one CORESET in a “PDCCH-config” corresponds to one TRP and the maximal number of CORESETs per “PDCCH-config” can be increased to Y and Y=[4/5/6] up to UE capability. 	Comment by min zhang: 7: QC, Vivo, Ericsson, Oppo, DOCOMO, Nokia, CATT
· Alt 3: each CORESET can correspond to multiple TRP with multiple TCI states respectively.	Comment by min zhang: 2: LGE, Samsung
· FFS on TCI state mapping with regarding to other CORESET parameters .g. search space sets, per subband of the CORESET, per symbol set of the CORESET, per CCE set of the CORESET. 
FFS: UE monitoring/decoding behavior for multiple PDCCHs with above alternative.


Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	 Comments

	NEC
	Prefer alt 1. This can be better support different Cell ID cases, and also work for single cell cases. 

	ZTE
	Alt.1:  
Compared with Alt.2 and Alt.3, Alt. 1 has more flexibility since like downlinkPreemption, tpc-PUSCH configured under PDCCH-Config can be separate for two TRPs. Further, in order to reduce UE complexity, the number of CORESETs or SSs can be limited for each PDCCH-Config. 

	QC
	Alt1 and Alt2 are both fine with us. The details of RRC configurations can be up to RAN2 to decide. 

	LGE
	Support Alt 3.
For Alt 2, we need to carefully consider UE side impact when increasing the number of CORESETs because it may require more blind detections, maintaining more beams for receiving DCI, maintaining more CSI-RS measurements for QCL, etc. In addition, it may have impacts on HARQ and other DL control related aspects because Rel-15 has been designed based on the limitation of ‘up to three CORESETs per BWP’.



	Panasonic
	Prefer Alt. 1 

	vivo
	Prefer Alt. 2. CORESET is the basic differentiating element for different TRPs. Other differentiating elements could be associated with CORESET. Using PDCCH-config would involve too much signaling that may not be necessary to differentiate.

	Ericsson
	So far in the multi-TRP discussions, a single TCI state has been associated with a single TRP/panel for PDSCH.  In Alt 2, a CORESET can have one activated TCI state.  Hence, we support Alt 2.  However, we need further discussion on the use case for increasing the number of CORESETs per UE.  In offline proposal 1 above, we have:

“For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.”

If this is agreed, then 3 CORESETs per PDSCH Config should be sufficient which is already supported by Rel 15.



	APT
	Not support Alt3 that will increase too much UE complexity. In addition, Alt 3 may have problem in QCL-type D since in Rel-15 it is indicated per CORESET. For Alt1 and Alt2, one more question for clarification is that whether Alt2 is similar to Alt1 with further maximal CORESET number restriction.
Beyond those alternatives, fundamentally, we wonder if inter-cell TRP is a valid scenario. From signaling perspective RAN1 can design it, but do we envision extra benefit over intra-TRP?

	MTK
	Prefer Alt. 1. Elements that are not TRP-specific can be simply not present. 

	OPPO
	Support Alt.2.
Alt.1 may lead to high signaling overhead and unnecessary flexibility on some other parameters which are expected to be the same among TRPs.

	Samsung
	Support Alt.3
Since a CORESET can be associated with enough numbers of search spaces already, Alt.3 can easily provide flexibility to transmit PDCCH from different/same TRPs with the same/similar UE complexity with that for Rel-15, if the maximum total numbers of CORESETs/search spaces are not increased. In other words, Alt.3 does not necessarily require increase of UE complexity on PDCCH blind decoding for multi-PDCCH based NC-JT. 
On the other hands, it seems that both Alt.1 and Alt.2 increase the maximum total numbers of CORESETs/search spaces and it is not so clear how to handle the corresponding UE complexity.

	Lenovo, Motorola Mobility
	Prefer Alt 1.

	DOCOMO
	Prefer Alt. 2. 
Alt. 2 is well consistent with Rel-15 as TCI state is configured per CORESET. For Alt. 1, there is no need to support such flexibility to configure so many different parameters under PDCCH-Config for different TRPs.

	Nokia
	Both Alt1 and Alt2 are fine. 

	IDC
	Alt1 is supported.

	CATT
	With Alt.3, multiple TRPs/panels can share a single CORESET, and different search spaces can be used by different TRP/panel. However, in current spec. the QCL indication is done per CORESET, rather than per search space. Therefore, this approach would need more standardization efforts than the remaining two alternatives. 
Since up to 3 CORESETs can be configured per BWP, and if each of them can be associated with one TRP/panel, Alt. 2 seems to be compatible with current Rel-15 spec. However, as different CORESET can be used for different purposes, e.g., scheduling for URLLC and beam management etc., the number of CORESET may still need to be increased with that alternative. Similarly, more CORESETs are needed in Alt. 1 as well.  In addition, increasing the number of “PDCCH-config” is RAN2 related.
Based on the discussion in this section, both Alt. 1 and 2 are acceptable to us。

	HW
	Alt 1

	AT&T
	Prefer Alt1

	Intel
	Alt-2 in principle. However, it will be good to clarify what is the use-case/issue/context that this agreement is targeting to solve. We are supportive of CORESET or SS set based differentiation to enable identifying PDSCH groups for separate HARQ-ACK codebook feedback – so in this context we are supportive of Alt-2 since it is sufficient for this context. We should clearly allow a UE with 3 CORESETs/BWP to support multi-TRP feature.





For multi-PDCCH based NCJT transmission, PDSCH rate matching is one of important factors to be studied due to RS/channel configurations from multiple TRP and independent dynamic scheduling. For example, Ericsson has discussed extension of reserved resources, e.g. configured CORESET, ZP-CSI-RS-ResourceSet and lte-CRS-ToMatchAround to protect PDSCH transmission. Vivo wishes to clarify the PDSCH rate matching behavior for P/SP signals from another TRP, e.g. SSB, CSI-RS and rateMatchPattern and suggested service dependent DMRS puncturing. Companies including Motorola Mobility, Lenovo, ASUSTek, and HW also suggested to enhance pre-emption indications. In general, it does not mean that all channels/RS are needed to be rate-matched around with enhanced mechanism in Rel-16 since Rel-15 may be sufficient already for multi-PDCCH based NCJT. Therefore we have following proposals: 
 [Draft for offline] Proposal 4:  For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1 96bis

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Support this proposal 

	ZTE
	Since most rate matching resources, like ZP CSI-RS resources, rate matching patterns, rate matching pattern groups are configured under PDSCH-Config, so we suggest to configure two PDSCH-Config which are for two TRPs respectively.

	QC
	For DMRS ports, as mentioned above, it should be part of the Proposal 2.
For any periodic/semi-persistent rate matching, it is up to the TRP coordination and RRC configuration.  
For aperiodic rate matching / preemption, it should be clarified that UE is not expected to assume any dependency between two rate matching procedures corresponding to the two TRPs (i.e. aperiodic rate matching / preemption corresponding to a TRP indicated in a DCI is only relevant for the corresponding PDSCH, and not the other PDSCH). Note that this is already implied from the condition “Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH” in Proposal 2, and is an important condition from UE complexity point of view.

	LGE
	DMRS rate matching and CRS rate matching should be discussed with the above proposal on partially overlapped NCJT.

	Panasonic
	Similar view as QC

	vivo
	Support this proposal with the following minor refinement:

[Draft for offline] Proposal 4:  For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
to be discussed and down-selected in RAN1 96bis

From an interference avoidance perspective, the rate matching or puncturing behavior of a TRP should take into account that of the coordinated TRP. 

	Ericsson
	Support the proposal except for the PI part. Note that not all rate matching resources are under PDSCH-Config so configuring two PDSCH-Config doesn’t completely solve rate matching when two cells are involved in scheduling.

Regarding enhancing pre-emption indication, the gNB has control over separating URLLC and eMBB in orthogonal resources, so this is a corner case scenario.  So we don’t see the necessity for enhancing pre-emption indication mechanism for multi-PDCCH.


	MTK
	Support

	CMCC
	Support.
In Rel-15, UE’s PDSCH can only rate match its serving cell’s resources with high priority. If there are some resources from the coordinated TRPs, rate matching should be considered

	Lenovo, Motorola Mobility
	Support this proposal. Besides the signals listed, PTRS should also be included for rate matching. 

	DOCOMO
	Support this proposal

	Nokia
	Support this proposal. And agree with Ericsson that PI part is not needed.  

	CATT
	Even for non-ideal backhaul, rate matching procedures of coordinated TRPs could also be dependent with each other. For example, the allocation of CDM group(s) can be informed to each of coordinated TRP, and rate matching around DMRS from other TRP can be achieved.
In addition, we prefer to discuss DMRS rate matching together with Proposal 2. 

	AT&T
	Support this proposal

	Intel
	We think rate-matching mechanisms for eMBB should be considered for specification first. It should be FFS where specification changes are necessary for URLLC traffic related pre-emption indications or it can handled by the NW in a specification transparent manner. So support with re-formulating the PI part.



As we agreed to support separate ACK/NACK payload/feedback for received PDSCHs, it is nature to consider to support TDM based PUCCH transmission at least if the UE cannot simultaneously transmit different PUCCH resources. QC suggest to have different PUCCH resource groups within each PUCCH resource set where different groups correspond to PUCCH resources that can be used. Vivo/Intel propose to have some pre-defined rules to clarify the collision of PUCCH resources if they are targeted at different TRP but simultaneous PUCCH transmission is out of option. 
On the other hand, in order to differentiate PUCCH transmission (similar with PDCCH), Ericsson and QC have provided some analysis with possibilities that reusing TCI framework as much as possible to associate PDCCH and PUCCH resources, or using dynamic signaling of DCI to associate PDSCH and PUCCH resource for ACK/NACK. We need to decide what preferred mechanism is for supporting multi-PDCCH based NCJT, especially with non-ideal backhaul, before further considering remaining details of high layer signaling for UL, and clarify associated UE behavior. 
 [Draft for offline] Proposal 5-1: For separated ACK/NACK payload/feedback for received PDSCH, 	Comment by min zhang: ZTE, LGE, Vivo, MTK, Nokia, IDC, DOCOMO, Lenovo, Samsung
· If the UE can’t simultaneously transmit multiple PUCCH resources, PUCCH resources conveying ACK/NACK feedback can be TDM within a slot with separated HARQ-ACK codebook. 	Comment by min zhang: ,There is related agreement in RAN1 95 in URLLC raised by DC, considering synchronized design with URLLC WID later

Agreements:
Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.

· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.  
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  	Comment by min zhang: QC, AT&T

[Draft for offline] Proposal 5-2:
· For TRP differentiation mechanism of ACK/NACK PUCCH resource(s) for HARQ-ACK reporting, ordering and payload determination for a targeted TRP, and studying following alternatives: 
· Alt 1: Each PUCCH resource is linked with a configuration information for PDCCH 	Comment by min zhang: for example, configured PDCCH-Config or CORESET subset ID or QCL-info of CORESET, depending on the conclusion of proposal 3	Comment by min zhang: NEC, Panasonic, Nokia, Ericsson
· Alt 2: Each PUCCH resource is linked with a DL DCI information scheduling  PDSCH	Comment by min zhang: QC, for example related to TCI field, DMRS antenna port field or DMRS sequence initiation field	Comment by min zhang: QC, Panasonic
	Company
	Comments

	NEC
	We slightly support  Alt.1. But, just for one clarification to the provided examples, can QCL for a CORESET/monitored PDCCH in alt 1 and for a received PDSCH in alt 2 belong to different TRPs?

	ZTE
	For the first bullet, we don’t think predefined dropping rule is needed. To ensure the transmission efficiency of both TRPs, TDM PUCCH resources should be guaranteed by semi-static coordination between two TRPs. If dropping is allowed, one of PDSCHs will be wasted since there is no A/N feedback for that PDSCH. Then resource waste and redundant interference is caused.

For the second bullet, neither two alternatives can work. Since HARQ-ACK codebook is determined across all CCs, TRP differentiation should be done across all CCs. For Alt.1, if the configuration information for PDCCH (depends on conclusion of proposal 3) is global across all CCs, it could work, e.g. one global CORESET group ID is linked with a PUCCH resource or a PUCCH resource set or a PUCCH-Config.  
For PUCCH differentiation, we prefer to introduce two PUCCH-Config since power control, spatial relation list (configured under PUCCH-Config) may be different for two TRPs.

	QC
	Regarding the first bullet, we think that both TDM and simultaneous solutions should be supported. Simultaneous transmission can be a UE capability, but we prefer to discuss both cases together (i.e. in a single proposal that can be agreed). In addition, regarding HARQ-ACK feedback in the mTRP, we think one important aspect is still unaddressed, which is how to handle HARQ-ACK overlapping with PUSCH transmission, especially in case of non-ideal backhaul. The solution to handle this case is still open and we think it needs to be addressed to complete Rel-16 spec and make mTRP work. 
Regarding the second bullet, we support Alt2. Note that if Proposal 2 is agreed, antenna port(s) field in the DCI can be used for dynamic TRP differentiation. 

	LGE
	Support first bullet point. Second bullet point depends on the issue regarding Proposal 3.

	Panasonic
	We support this proposal and are fine to support either of alternatives for TRP differentiation, but with more inclination towards Alt. 2

	
	

	vivo
	Support in principle. And some further comment.

The UE behavior if the UE can simultaneously transmit multiple PUCCH resources should be also defined.
The cases that a UE do not have the ability of “simultaneous transmission” should be clarified.
Moreover, UCI multiplexing of ACK/NACK and other UCI and corresponding PUCCH resource selection should also be clarified.

Regarding Bullet 2, we do not understand Alt 2. The second bullet is related to TRP differentiation. Is the intention of Alt 2 to differentiate TRP with DCI?

	Ericsson
	For the first bullet, we think it is better to start with the TDM approach.  Whether in addition to this we support a mechanism to simultaneously support transmission of different PUCCH resources can be studied further.  

For the second bullet, we need some clarification on Alt 2.  Does Alt 2 mean explicitly indicating the TRP in DL DCI?  If so, we don’t support such explicit indication, “TRP”s should not be visible in specification.  Our preference for the second bullet is Alt 1.

	APT
	Couple of questions for clarification.
1. Does this issue restrict to any traffic type (eMBB or URLLC or both)?
2. In 1st bullet, there is a condition can’t simultaneous transmission, but sub-bullet may open the door for simultaneous transmission. Does it try to have two UE capability? Any differentiation between FR1/FR2?
For Alt1 linked with a configuration for PDCCH, is each PUCCH able to identify each TRP without further information? On the contrary, Alt2 approach seems more like a dedicate signalling to feedback channel.

	MTK
	Support the first bullet. The second bullet depends on the conclusion for proposal 3.

	OPPO
	We support the first bullet to introduce a dropping rule when PUCCH resources collide at time. For non-ideal backhaul, it is difficult to ensure TDM all the time, which may impact the PUCCH resource efficiency, e.g. via semi-static resource reservation. 
For the second bullet, Alt.1 is preferred and Alt.2 doesn’t work for TRP differentiation.

	CMCC
	Regarding the first bullet, to reduce the PUCCH resource overlapping possibility, some methods are preferred for us, e.g., the coordination among TRPs through backhaul signaling, or indicating a group of PUCCH resources by DCI that UE can select one of them to feedback ACK/NACK.

	Samsung
	For the first bullet, prefer to focus on TDM only. Priority/dropping rule should be revisited when the enough level of details are done.
For the second bullet, we also think that this depends on the conclusion for proposal 3. An FFS bullet for spatial related info for each PUCCH resource should be enough at this stage, we think.

	Lenovo, Motorola Mobility
	We support the first bullet. Regarding the second bullet, it should be discussed after agreement is reached on Proposal 3.

	DOCOMO
	For the 1st bullet, we agree to support ‘If the UE can’t simultaneously transmit multiple PUCCH resources, PUCCH resources conveying ACK/NACK feedback can be TDM within a slot with separated HARQ-ACK codebook.’ For details, we prefer NOT to discuss, and we prefer to just reuse mechanism which will be specified in URLLC as much as possible. So, we don’t prefer to discuss the details of dropping rule in MIMO so far.
For the 2nd bullet, it depends on the design of CORESET/search space and association with TRP in Proposal 3. We should discuss the 2nd bullet after Proposal 3 is decided.

	Nokia
	We think that PUCCH transmissions should use TDM approach and simultaneous PUCCH transmission should not consider in this stage. 

On the second bullet, we support Alt.1.  

	IDC
	Support both TDM and simultaneous mechanisms, however TDM should be prioritized.

	AT&T
	Alt 1

	Intel
	For 5-1, we do not support formulation with simultaneous PUCCH – TDM should be supported unconditionally for all UEs. For 5-2, we support Alt-1.



With regarding to joint ACK/NACK feedback for received PDSCHs, Vivo/QC/LGE/Panasonic consider joint ACK/NACK feedback as a way to use multiple-PDCCH if backhaul delay is ideal or small enough. In summary around ten companies seems to consider joint ACK/NACK beneficial enough.  On the other hand, Nokia and Spreadrum have raised concerns that optimizations for joint feedback may be unnecessary in Rel-16.  
 [Draft for offline] Proposal 6: Support joint ACK/NACK payload/feedback for received PDSCHs received from multiple PDCCHs.	Comment by min zhang: Yes (9): QC, LGE, Panasonic, vivo, SS, Lenovo, DOCOMO, CATT, HW
Yes (Lower priority, 3): NEC, ZTE, APT
No (7): Ericsson, MTK, Oppo, Nokia, IDC, ATT, Intel
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	We can support this proposal in general. But this issue may be deprioritized. 

	ZTE
	Support NEC

	QC
	Support.
Note that minimal standard effort is needed to support this (using CA mechanisms for HARQ-Ack reporting), while the benefit for the case of ideal backhaul is clear.   

	LGE
	Support for ideal/small delay BH.

	Panasonic
	Support

	vivo
	Support

	Ericsson
	Firstly, some clarification is needed to the proposal that this refers to multiple PDCCH case.  So, we suggest the following change:

Proposal 6: Support joint ACK/NACK payload/feedback for received PDSCHs received from multiple PDCCHs.

If the backhaul delay is small enough, we can use single-PDCCH based solution.  So the question is, do we need another solution where PDCCHs are transmitted from different TRPs while ACK/NACK is jointly fed back to one of the TRPs?  Given single PDCCH is supported, we don’t see the need to support an additional ‘duplicate’ mechanism.  So we don’t this we need to support this. 

	APT
	Whether to have joint HARQ-ACK/NACK may depend on PDCCH design and shall be deprioritized when separated ACK/NACK feedback settle down.

	MTK
	Slightly prefer not to support. Non-ideal backhaul is the main scenario for multi-PDCCH based transmission; then joint ACK/NACK doesn’t work. The use case for this proposal (ideal backhaul + multi-PDCCH + non-overlapped or partially overlapped RA) seems limited. Full-overlapped RA can be covered by single-PDCCH scheduling.

	OPPO
	This issue should be deprioritized. Since it can only be applied for ideal backhaul, how can UE know whether it is ideal backhaul and multiplexing is available？

	Samsung
	Support. Same understanding with QC.

	Lenovo, Motorola Mobility
	Support. 

	DOCOMO
	Support this proposal and agree with QC.

	Nokia
	We do not think this is needed. We should clearly understand that there is no time to do optimizations in this WI, and we should try to conclude the study with features that are essential. 

	IDC
	Do not support. Having independent feedback would be beneficial in term of overall spectrum efficiency of the network even for ideal back haul.

	CATT
	Support

	HW
	 Support

	AT&T
	Not support this proposal as we already mentioned about the problems 

	Intel 
	Not support. We think this is an optimization that is not clearly motivated. No details are available on tdocs on how to achieve this and from our point of view significant specification changes are needed to achieve this. For ideal backhaul case single DCI multi-TRP is anyway available.




2.2.  Single-PDCCH based multi-TRP/Panel DL transmission

To enhance QCL indication for single-PDCCH based multi-TRP transmission, basic principle of TCI state to DMRS port(s) mapping was agreed in last meeting for the case where two TCI states and CDM groups are indicated. Companies suggested to resolve the remaining issue for DMRS type 2 with maximum three CDM groups to be indicated. For example, 6 companies including LGE, Intel, Nokia, NEC, OPPO, and HW prefer fixed mapping relationship in spec, whereas Ericsson suggested the UE ignore the DCI scheduling three CDM groups. In addition, Ericsson and Vivo spotted the problem of mismatching of two TCI states and only one CDM group, and suggested to have fixed TCI state to be used for the indicated CDM group.
 [Draft for offline] Proposal 7-1:  
When 2 TCI states are activated within a TCI code point with DMRS occupying three CDM DMRS port groups indicated in the same DCI, down-select one from following alternatives,
· Alt 1: fixed rule is applied, i.e. the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2	Comment by min zhang: NEC, ZTE, LGE, MTK, OPPO, DOCOMO, Nokia, Intel
· Alt 2: The UE does not expect to have more than 2 DMRS CDM groups indicated by the antenna port field in the DCI	Comment by min zhang: Ericsson, SS, Vivo, Panasonic, IDC, Intel
· Alt 3: The mapping rule between TCI states and CDM groups is decided based on the DMRS port indication mechanisms.	Comment by min zhang: QC, Lenovo
· Alt 4: Flexible mapping rule is applied, e.g. the first TCI state may correspond to CDM group #0, {#0,#1}, #1, #2 and the second TCI state corresponds to the remaining CDM group(s). 	Comment by min zhang: CATT
When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are activated within a TCI code point, the first and second TCI state corresponds to CDM group 0 and 1 respectively.
Note that the agreement does not exclude the possibility of introducing new DMRS table(s) for NCJT and M-TRP based URLLC in Rel-16 if needed. 

 [Draft for offline] Proposal 7-2:  	Comment by min zhang: Yes: Vivo, OPPO, Nokia
No: ZTE, LGE, MTK, Lenovo, DOCOMO

When 2 TCI states are activated within a TCI code point with DMRS occupying single CDM DMRS port group indicated in the same DCI, 
· The 1st TCI state in that TCI code point corresponds to the indicated CDM group.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Alt 1. In addition, to achieve more flexibility, additional DMRS indications can be supported, e.g. some indications for Alt 1, and some other indications for the first TCI state corresponding to CDM group #1#2, and the second TCI state corresponding to CDM group #0.

	ZTE
	For the first bullet, support Alt.1 since we don’t find any reason to block 5 layers transmission. 
For the second bullet, we don’t support. Since the condition in the main bullet is 2 TCI states, that means at least two CDM groups should be indicated. In this case, a new DMRS table as LTE eCoMP should be introduced which at least include two CDM groups. Then two alternatives are suggested as follows
When 2 TCI states are activated within a TCI code point, 
Alt.1 : Allow indicating single CDM port group, the 1st TCI state in that TCI code point corresponds to the indicated CDM group.
     - FFS DMRS table size
Alt.2 :  At least two CDM group should be indicated.
- DMRS table size is the same as Rel-15
For Alt.2, few entries will be added in the new table and the table size will be the same as Rel-15, so there may be many reserved entries in the table.
For Alt.1, it is based legacy DMRS table. However, the legacy table is not enough to support Multi-TRP/panel transmission. More entries should be included. However, more entries may cause larger DCI size. For instance, regarding Rel-15 DMRS table with max 2 symbol and type 1, only one reserved entry is left in that table. In addition, multi-slot scheduling should share the same DMRS table as Rel-15, more entries may be needed if two TCI states are indicated. The DCI size will be obviously increased based on Alt.1.

	QC
	Consistent with ZTE’s input above, our view is that, this can be part of the DMRS port indication discussion. Specifically, if we conclude that new antenna port(s) tables are needed / beneficial for single-PDCCH based multi-TRP operation, then the association between TCI states and CDM groups becomes part of the design of the new antenna port(s) table. 
Regarding the DMRS port indication, we support specifying new antenna port tables for the following reasons:
· Most ports are not usable for multi-TRP (all rows with one port / one CDM group)
· With the URLLC discussions below, we will soon feel the need for DCI enhancement (e.g. switching between different schemes, indicating relevant params). Instead of designing a new DCI format (which will increase the DB complexity), we can rely on antenna port(s) field for such indications. Note that 
· To use the same DCI format as 1_1, the same number of bits (as in Rel. 15) should be used for antenna port(s) field
· We will only need a few entries for the purpose of DMRP port indication
· Switching between the two set of tables can be simply based on the TCI field (e.g. new tables are used only if TCI field points to 2 TCI states) 
Therefore, we add the corresponding Alt. 3 in the list for discussion.

	LGE
	Support Alt 1. Alt 2 limits layer combination for NCJT when # of front load DMRS symbol is one. Specifically, max layer per TRP is limited by 2 in Alt 2.
Regarding second issue, we can simply avoid this issue if UE does not expect 2 TCI + 1 CDM group case.

	Panasonic
	For DMRS type1, when 2 TCI states are indicated by the TCI codepoint, we support Alt. 2.
In order to support DMRS type 2, we rather propose to allow up to three TCI states per TCI codepoint. 

	Vivo
	Support Alt 2 for the first bullet. Support of 5 layers is a corner case. Is there any UE type that would support more than 4 Rx? 
Support the second bullet.

	Ericsson
	Alt.1 + Alt.2. When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are activated within a TCI code point, the first and second TCI state corresponds to CDM group λ=0,1 respectively. UE can ignore 2 TCI states + 3 CDM group scheduling cases.  
Regarding introducing new DMRS port tables as suggested by some of the responses above, this is an overoptimization and is not necessary for NC-JT.

	MTK
	Support Alt 1 for the first bullet. Regarding the 2nd bullet, we agree with ZTE/LGE that 2 TCI states implies at least two CDM groups should be indicated. UE does not expect 2 TCI + 1 CDM group.

	OPPO
	Support Alt.1 for the first bullet.
For the second issue, with two TCI states and one CDM group, how to map between TCI state and CDM group may depended on use case (e.g. whether repetition is enabled). For non-coherent JT for eMBB, only one TCI state is available and the 1st TCI state can be used as proposed. For URLLC case, both TCI states should be applied to the CDM group in multiple repetitions.

	Samsung
	Alt. 2. If we recall the discussion from proposal 1 above, it seems that support of more than 5 layers based on more than 5Rx at the UE side is a corner case.

	Lenovo, Motorola Mobility
	Regarding the first bullet: The fixed rule of Alt 1 does not allow enough flexibility, especially when MU-MIMO needs to be supported. Alt 2 limits the transmission rank unnecessarily. Therefore we support Alt 3.

Regarding the second bullet: we think this can be avoided through scheduling, so UE will not see DCI with 2 TCI states when DMRS only indicates a single CDM group. So this proposal is not necessary. 

	DOCOMO
	For the 1st bullet, support Alt. 1.
We do not support the 2nd bullet, because the condition ‘When 2 TCI states are activated within a TCI code point with DMRS occupying single CDM DMRS port group indicated in the same DCI’ is not agreed yet.

	Nokia
	Support Alt.1. As mentioned by many companies, we do not get the point that limiting single PDCCH design below 4 layers. We could have two codewords when there is more than 4 layers. This could be useful as it allows scheduling two codewords, and may be from two TRPs, where each can have different MCSs. 

We do not see any issue with the second proposal as well.  

	IDC
	Support Alt. 2. We don’t feel that there is compelling case to support more than 4 layers.


	CATT
	For the case 2 TCI states are activated within a TCI code point with DMRS occupying two CDM DMRS port groups indicated in the same DCI, the correspondence between each TCI state and CDM group should also be specified.
We share similar view with NEC that more flexible mapping rule is needed. So, Alt. 4 is added. And we propose to update proposal 7 in the following way:
When 2 TCI states are activated within a TCI code point with DMRS occupying three CDM DMRS port groups indicated in the same DCI, down-select one from following alternatives,
· Alt 1: fixed rule is applied, i.e. the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2
· Alt 2: The UE does not expect to have more than 2 DMRS CDM groups indicated by the antenna port field in the DCI
· Alt 3: The mapping rule between TCI states and CDM groups is decided based on the DMRS port indication mechanisms.
· Alt 4: Flexible mapping rule is applied, e.g. the first TCI state may correspond to CDM group #0, {#0,#1}, #1, #2 and the second TCI state corresponds to the remaining CDM group(s). 
When 2 TCI states are activated within a TCI code point with DMRS occupying two CDM DMRS port groups indicated in the same DCI,
· The 1st TCI state in that TCI code point corresponds to the CDM group with lower index, while the 2nd TCI state in that TCI code point corresponds to another CDM group.
When 2 TCI states are activated within a TCI code point with DMRS occupying single CDM DMRS port group indicated in the same DCI, 
The 1st TCI state in that TCI code point corresponds to the indicated CDM group.

	Intel
	For 7-1, support Alt-1 and Alt-2.
Support 7-2, we think this is beneficial from NW configuration point of view. Consider TRP-1, 2, 3. According to 7-2, with TCI code-points {#1, #2}, {#2, #3}, {#3,#1} – both DPS and NC-JT can be supported from all TRPs. If 7-2 is not supported then we need additional TCI code-points of {#1}, {#2}, {#3} which is unnecessary.
We also think that supporting 7-2 does not preclude introducing new DMRS indication tables which can be a separate issue.




To facilitate NCJT scheduling by single-PDCCH for PDSCH from two TRPs, Rel-15 TCI framework was agreed to be enhanced so that one TCI codepoint can indicate two TCI states. In general, several diverse solutions of TCI state configuration were identified. For example, DOCOMO suggested to have RRC configuration for multiple TCI state sets, wherein each set includes 1 or 2 TCI states and MAC CE is used to activate up to M sets of TCI state set; ZTE presented a two-step MAC CE activation mechanism; Samsung suggested to enhance MAC-CE signaling to map up to two TCI states. Meanwhile, Lenovo suggested to increase TCI field bits, while OPPO may want to keep unchanged DCI field.
[Draft for offline] Proposal 8: For TCI state configuration in order to enable one or two TCI states per a TCI code point, down-select one from following alternatives: 
· Alt 1: RRC can configure multiple TCI state sets, wherein each set includes 1 or 2 TCI states. MAC-CE is used to activate up to M sets of TCI state set configurations which are mapped to M TCI codepoints in a DCI.	Comment by min zhang: Yes: APT, CMCC, Lenovo, DOCOMO, IDC
No: ZTE, CATT
· Alt 2:  MAC-CE enhancement by mapping one or two TCI states for a TCI code point where further detailed design is determined in RAN2. 	Comment by min zhang: NEC,QC, Panasonic, vivo, Ericsson, OPPO, Samsung, Lenovo, DOCOMO, Nokia, HW, Intel
· Alt 3: MAC-CE enhancement with two steps where N2 TCI states are selected by MAC-CE from RRC configured pool of TCI states as Rel-15 and then N3 active TCI candidates, each of which includes 1 TCI state or 1 TCI state pair, are selected or combined from the N2 TCI states.	Comment by min zhang: QC, Panasonic, vivo
· FFS whether increasing the number of bits of TCI field in DCI 



Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Alt 2. To reduce RRC overhead and configuration delay.

	ZTE
	We agreed one TCI codepoint corresponding to two TCI states and precluded the option that one TCI state includes two RS sets because of flexibility of MACCE. It is obvious MAC-CE enhancement should be supported. Then Alt.1 should be precluded. If we enhance RRC, it will be more complicated that one TCI with two RS sets.
Alt. 3 is the subbullet of Alt.2.  The details should be further clarified in RAN1. From our view, Alt.3 with the N3 active TCI candidates is only available when two-TRP transmission is enabled by gNB, and consequently it can fall back to Rel-15 design for single TRP/panel transmission. In addition, since N3 candidates are selected or combined from N2 TCI states, the overhead increase of MAC-CE signaling is limited.

	QC
	Alt2 or Alt3 (we agree with ZTE that Alt1 should be precluded as this was discussed in the last meeting).
The details (even the choice between Alt2 and Alt3) should be up to RAN2 to decide.

	Panasonic
	We are fine with either of Alt 2 or Alt 3

	vivo
	Alt 2. Agree with QC that further details on signaling design are left to RAN2.

	Ericsson
	We prefer Alt 2.  Regarding Alt 3, one question is whether this requires 2 different MAC CEs?  If so, Alt 3 is not preferable.  
But we agree with QC and vivo that these are RAN2 signaling details and can be left up to RAN2.

	APT
	Alt1 is preferred. Our understanding is that based on existing agreement and what we have in Rel-15, Alt 1 requires minimal spec impact.

	OPPO
	Alt.2 is preferred. The details can be discussed in RAN2.

	CMCC
	Alt1 is preferred. To indicate more than one TCI states for multi-TRP transmission, a new mapping relation between the TCI code point and TCI state sets can be defined by RRC signaling. 

	Samsung
	Send LS to RAN2 for detailed design of higher layer signaling to map 1 or 2 TCI states into a single TCI code point in a DCI. We think the previous agreements is enough for this.

	Lenovo, Motorola Mobility
	Support Alt 1 or Alt 2.

	DOCOMO
	Support Alt 1 or Alt 2. 
Alt. 1 is not precluded based on latest agreements. In Alt. 1, RRC can configure multiple TCI state sets, wherein each set includes 1 or 2 TCI states, and each TCI state is QCL-D with 1 DL RS.

	Nokia
	Alt. 2. 

	IDC
	Alt.1 as proposed by Docomo

	CATT
	From our understanding, Alt. 1 has already been precluded in the last meeting. 

	HW
	Alt 2

	Intel
	Alt-2



Currently only one TB is used when total transmission layers from multiple TRPs are less than or equal to 4, if reusing Rel-15 CW-layer mapping mechanism. Whether to enhance CW-layer mapping for multiple TRP/panels has been discussed and evaluated by ZTE, HW, QC, ATT, CATT, Ericsson and Intel in this meeting. 
So far it seems that there is majority view here. At least 11 companies, including ZTE, HW, Spreadtrum, ATT, Lenovo, NEC, DOCOMO, Nokia, LGE, CMCC, and CATT prefer to enhance CW-layer mapping for multi-TRP operation, whereas 5 companies, including Ericsson, Qualcomm, Apple, Intel, suggested to reuse Rel-15 CW-layer mapping scheme for multi-TRP/panel transmission. 
[Draft for offline] Proposal 9: For single PDCCH based multi-TRP/panel DL transmission for eMBB, 	Comment by min zhang: Yes: NEC, LGE, Panasonic, Lenovo, Docomo, Nokia, IDC, CATT, ATT
No: QC, Ericsson, MTK, SS, Intel
· two codewords can be mapped to 2, 3, or 4 MIMO layers in Rel-16, FFS detailed mapping mechanism. 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC, LGE
	Support this proposal.

	QC
	Object.
As shown in our contribution, and as pointed out by some other companies, the benefit of using more than one CW for 4 layers or smaller is not supported by simulation results. We showed that in the presence of rank adaptation, the gap between single-CW and multi-CW shrinks significantly (even in LLS, which is expected to highlight the gains of multi-CW).
From reviewing the contributions, we also noted that some of the simulation results from even some of the proponents of multi-CW scheme indicate / imply that the benefits are minimal.

	Panasonic
	Support this proposal

	Ericsson
	Object. Rel.15 mapping slightly outperforms introducing 2 CWs even in the most promising NC-JT scenario of indoor hotspot.  So, there is no reason to change the mapping in Rel-16.

	MTK
	Object. We support to reuse Rel-15 CW-layer mapping scheme.

	Samsung
	Object. We support to reuse Rel-15 CW-layer mapping scheme.

	Lenovo, Motorola Mobility
	Support. 

	DOCOMO
	Support this proposal.
We noticed that ZTE, Nokia, AT&T, Intel and E/// provided simulation results in the contribution. By reviewing the contributions, it is observed that the scenario/parameter showing performance gain of 2 CWs is dense urban scenario, while the scenario/parameter showing performance loss is InH scenario. DOCOMO is interested in M-TRP on dense urban scenario. Hence, we support this proposal.

	Nokia
	Support. We think that companies are thinking a separate mapping for URLLC, why not that also used in Rel-16 eMBB service. 

	IDC
	Support. Rel-15 decision was for single TRP operation, and it should not drive M-TRP discussion in Rel-16.

	CATT
	Support this proposal.

	AT&T
	Support this proposal

	Intel
	Not support




2.3.  PDSCH reliability/robustness enhancement with multi-TRP/panel/beam
It was agreed to study URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul for PDCCH/PDSCH/PUSCH/PUCCH. In general, all schemes rely on TB/UCI/DCI repetition and/or diversity with a certain cost of efficiency for better reliability. 
Based on the review so far, for PDSCH repetition with multi-TRP/panel/beam, companies provided the analysis of schemes 1/2/3/4 in terms of pros and cons from both technical reasons and potential application scenarios. Some companies think it is necessary to support multiple schemes considering from different network scheduling requests, e.g. balance among reliability, resource utilization efficiency and time delay. Different understanding was observed in mini-slot based repetition scheme when it is related to the scheme 3 and 4. Moreover, companies also expressed interests in the number of RVs and MCSs associated to TB repetitions. As a result, it seems very necessary to clarify each scheme for companies to reach mutual understanding before any down-selection/merging schemes can be made. 

For PDCCH/PUSCH/PUCCH repetitions, in general, the discussions are still pre-mature, although many companies have shown strong interests especially in PDCCH reliability enhancement. 

 [Draft for offline] Proposal 10	Comment by min zhang: TBD during offline section 
To facilitate further down-selection for one or more schemes in next meetings, schemes for multi-TRP based URLLC can be clarified as following: 
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Each transmission occasion of the TB has one TCI, one DMRS port and one RV.  
· All transmission occasion (s) within the slot use a common MCS, 
· RV/TCI state can be same or different among transmission occasions.  
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Each transmission occasion of the TB has one TCI and one RV (?). 
· All transmission occasion (s) within the slot use a common MCS (?) with single DMRS port 
· RV/TCI state can be same or different among transmission occasions. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Each transmission occasion of the TB has one TCI and one RV (?) with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS (?) with single DMRS port.  
· RV/TCI state can be same or different among transmission occasions. 
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· Each transmission occasion of the TB has one TCI and one RV (?).  
· All transmission occasion (s) across K slots use a common MCS (?) with single DMRS port 
· RV/TCI state can be same or different among transmission occasions. 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Schemes
	Comments or clarifications

	NEC
	Scheme1 (SDM):
	

	
	Scheme2 (FDM)
	NEC(1st preference)

	
	Scheme3 (TDM, intra-slot):
	NEC(2nd preference)

	
	Scheme4 (TDM, inter-slot):
	

	
	
	NEC: We may need to clarify whether two RAs are supported in TDM and FDM cases. If RAs are the same, MCSs may be hard to be different.

	ZTE
	Scheme1 (SDM):
	ZTE

	
	Scheme2 (FDM)
	ZTE

	
	Scheme3 (TDM, intra-slot):
	ZTE

	
	Scheme4 (TDM, inter-slot):
	ZTE

	
	
	ZTE: One port limitation for each TRP should be removed since Rel-15 URLLC only focused on small packet, but larger packet URLLC traffic is already considered in Rel-16.

	QC
	Scheme1 (SDM):
	The SDM scheme is already supported as part of the single-PDCCH based multi-TRP. We do not see the benefit of specifying another SDM scheme with separate rate matching (two RVs). Note that “same RV” belong to the category of separate rate matching (e.g. RV=[0,0] or RV=[2,2]) and is different from “one RV” which is one rate matching.
From the contributions, we have not seen any simulations results justifying the SDM scheme with separate rate matching (two RVs) compared to the legacy SDM scheme when TBS is the same for both schemes. In fact, Vivo showed that there is no benefit of the SDM scheme with 2 RVs, and QC / Intel showed the same for the FDM scheme.

	
	Scheme2 (FDM)
	Support.
As shown in our contribution, FDM is more reliable than SDM since the issue of inter-layer interference is avoided (this is important for the tail behaviour). FDM scheme is also suitable for low latency applications.
Some additional points:
· We did not observe a meaningful gain when using 2 RVs (separate rate matching) for the FDM case. Hence, one RV (one rate matching) should be the focus for the FDM scheme, which requires smaller standard efforts.
· For FR2, FDM / SDM schemes (including the eMBB discussions) should be supported with UE capability. 
· Some companies mentioned that FDM scheme requires two FDRA fields for the case of single-PDCCH, and hence, increasing the DCI overhead. We think that one FDRA field is enough, and the split of RBs/PRGs between the two TRPs/ TCI states can be based on predefined rules, RRC signalling, or can be chosen from a limited set of options based on other DCI fields (e.g. always half-half, and either interleaved PRGs / or contiguous PRGs per TRP). 

	
	Scheme3 (TDM, intra-slot):
	Support
We think that for the TDM case, we should start with scheme 4, and then specify Scheme 3.

	
	Scheme4 (TDM, inter-slot):
	Support.

	
	Other Comments
	We also have the following comments in general regarding the value of n
· n=2 for the FDM / SDM (including SDM for the eMBB case) schemes. For FR1, simultaneous transmission with n larger than 2 will require additional channel estimation complexity at the UE. For FR2, receiving more than 2 beams simultaneously is even more challenging.
· n>2 for TDM schemes is FFS. Note that even for the TDM case, n>2 requires UE to track more than 2 TRS. 
· We realize that additional gains for reliability is possible for n>2 for LLS especially when RSRP delta is small as shown by some companies. However, in order to justify the additional UE complexity, SLS simulations are also needed. If such gains are observed at the system-level, n>2 can be considered for the TDM case.    

	LGE
	Scheme1 (SDM):
	Support scheme 1 but we have different view on sub-bullet points. We consider SFN based enhancement. Specifically, we prefer to share same RV/MCS with different DMRS port and different TCI. In this case, PDSCH is transmitted SFN manner but UE can estimate each DL channel from each TRP and combine the two channels to generate SFN channel. Furthermore, to reduce DMRS overhead, we consider same RV/MCS/DMRS port but different TCI. In this case, both DMRS and data are SFN from multiple TRPs but QCL property is derived from different QCL RS corresponding to different TCI.

	
	Scheme2 (FDM)
	Support scheme 2 and FFS details.

	
	Scheme3 (TDM, intra-slot):
	We prefer discuss Scheme 4 first then scheme 3 can be considered for further optimization.

	
	Scheme4 (TDM, inter-slot):
	Support. In addition, K can be larger than n and in this case, n TCI states apply to K slots in cyclic manner

	Panasonic
	Scheme1 (SDM)
	We support this as it is more resource efficient and provide over the air combining for data symbols

	
	Scheme2 (FDM)
	We support this as it allows Low latency and no spatial interference in comparison to scheme 1

	
	Scheme3 (TDM, intra-slot
	We support this as it requires only narrow bandwidth and also UE complexity is lower as no simultaneous reception is required and no spatial interference in comparison to scheme 1

	
	Scheme4 (TDM, inter-slot)
	We support this as it is useful when the transmission length is longer and more than one transmission cannot be accommodated within a single slot without overlap

	
	
	

	vivo
	Scheme1 (SDM):
	Do not support SDM at least for single PDCCH case.
As in our TDoc, we don't observe any performance gains compared to SFN baseline scheme and also do not observe any gain compared to schemes with legacy codeword layer mapping.

	
	Scheme2 (FDM)
	Support.
FDM and TDM might be jointly supported in a frequency hopping manner, i.e. different time domain resources have different frequency domain resources.

	
	Scheme3 (TDM, intra-slot):
	Support as mini-slot repetition.
Moreover, DCI indicated repetition number may need to be jointly discussed with control session to see whether this is necessary.

	
	Scheme4 (TDM, inter-slot):
	Support.


	Ericsson
	All schemes
	We think all four schemes are useful as they are generalizations of Rel-15 repetition of PDSCH.  However, given that only a limited set of results have been presented at this meeting, we are fine to evaluate further until next meeting to evaluate the gains of different schemes taking into account different use cases.  But we don’t see the need to limit to a single layer per PDSCH, they may be scheduled with multi-layer transmission (while each PDSCH repetition do have same number of layers/same ports).


	MTK
	Scheme1 (SDM)
	Constraints similar to Proposal 2 may be needed to avoid PDSCH/DMRS collision. Currently we are not sure if close-loop performance is still good considering CSI feedback and MCS selection for URLLC requirement.    

	
	Scheme2 (FDM)
	Support in FR1 

	
	Scheme3 (TDM, intra-slot)
	Discuss Scheme 4 first

	
	Scheme4 (TDM, inter-slot)
	Support.

	OPPO
	Scheme1 (SDM):
	Support. It can be simply supported with current TCI states design for single PDCCH based transmission. 

	
	Scheme2 (FDM)
	Low priority. Further evaluation is needed to justify the benefit for further specification effort. 

	
	Scheme3 (TDM, intra-slot):
	Low priority. Mini-slot based repetition for PUSCH is also being discussed in URLLC topic. Parallel discussion may lead to collided conclusion/design for PDSCH and PUSCH. Some relative issue, e.g. whether repetitions across boundary are allowed should be concluded there first.

	
	Scheme4 (TDM, inter-slot):
	Support. It can be supported based on Rel-15 slot aggregation without much specification effort.

	Samsung
	
	As the first step, we prefer to focus on the extension/enhancement of existing scheme, e.g. individual support or combination of scheme 1 and scheme 4.
Regarding scheme 2 and scheme 3, assumptions on the resource allocation method should be clarified if they rely on the single-PDCCH based NC-JT

	Lenovo, Motorola Mobility
	
	We support at least Scheme 2 (FDM) and Scheme 3&4 (TDM). 

	DOCOMO
	Scheme1 (SDM):
	We don’t see the necessity of supporting SDM, but as long as it has small spec. impact, we are open to support it.

	
	Scheme2 (FDM)
	Support as 2nd preference.

	
	Scheme3 (TDM, intra-slot):
	Support as 1st preference for TDM scheme. Mini-slot repetition should be supported to enable TRP-cycling within a short time duration.

	
	Scheme4 (TDM, inter-slot):
	Support as 1st preference for TDM scheme.

	Nokia
	Scheme1 (SDM)
	Support. 

	
	Scheme2 (FDM)
	No. this is not an efficient way of using resources. We understand this may lower the latency, but the benefits of getting better performance (reliability) will be limited. 

	
	Scheme3 (TDM, intra-slot
	Support. 

	
	Scheme4 (TDM, inter-slot)
	Not the best scheme for low latency. But we do not see any issue of supporting this. 

	IDC
	All schemes
	As part of the proposal, we are not sure what (?) means. It is rather confusing, as the entire text is for discussion.

We have a similar opinion as Ericsson that there are not sufficient results to guide a downselection. Also, given the URLLC nature of the scope of this work, we don’t see much value for Scheme 4.


	CATT
	
	Considering the latency and reliability factors, scheme 2 is supported.
We also think that multi-layer transmission should not be precluded for URLLC enhancement based on multiple TRPs/panels.

	AT&T
	All schemes
	We agree with IDC and Ericsson  and we need results to down prioritize

	Intel
	
	We have not been able to complete simulations, some more time for evaluations would be helpful. However, we find (for FDM case) there is no benefit from multiple RV transmissions and soft-combining. So we think a single codeword transmission (single DCI) would be sufficient for FDM/SDM. However single RV transmission for SDM is already supported in Rel-15. Since many companies are supporting SDM we would like to discuss the use-cases for supporting SDM/FDM and whether both of them needs to be specified. For TDM schemes, we think single-panel UE in FR2 is the main use-case. We think evaluations are needed to determine latency-reduction benefit to downselect TDM schemes (considering beam-switching time).



3. Work Plan
A general work plan is summarized as following. It intends to provide expectation at high level and can be updated based on tdoc submission and meeting progress.  

RAN1-96 Athens 
· Companies are free and also strongly encouraged to discuss and elaborate issues of M-TRP/panel transmission, in order to establish the majority interest/view
· Multiple-PDCCH based design 
· Remaining open issues identified from agreements or from FL summary[1], as examples: 
· for DL Multi-PDCCH configurations and dynamic TRP differentiation, PDSCH resource allocation etc; 
· for UL joint/separated ACK/NACK, DAI related configuration, transmission mechanisms, etc 
· Kick off the discussion if any majority view can be identified from RAN1 96 tdoc submission
· Single-PDCCH based design
· Remaining open issues identified from agreements or from FL summary [1], e.g. TCI state and codeword-layer mapping 
· Kick off DMRS port discussion, if DMRS port indication enhancement is agreed to be needed in Rel-16. 
· If time is permitted, agree with some basic design principles/considerations in RAN1 96. 
· Generally shall strive to finalize design in RAN1 96bis, and no late than RAN1 97 for multiple DMRS tables. 
· URLLC with Multi-TRP/panel 
· only for PDSCH
· Further elaboration/summarization of proposed schemes in RAN1 96,  in order to facilitate further down-selection and merging in RAN1 96b
Likely summarize some

4. Summary of Technical Proposals 
The section is to summarize companies’ positions/proposals for this MIMO objective. The summarization does not intend to exclude specific proposals but provide an overview of companies for each category/sub-category/specification component, based on agreements in RAN1 95. Text proposals can be further updated by companies, if any wrong capture.  
For multiple-PDCCH based multi-TRP/panel DL transmission 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
	Company
	Comments

	ZTE
	The total number of CWs in scheduled PDSCHs is up to 2.

	vivo
	The total number of CWs in scheduled PDSCHs across different TRPs is not greater than 2.

	MediaTek
	For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs is no more than 2.

	Lenovo, Motorola
	For multi-PDCCH based multi-PDSCH transmission,  do not support X=3.

	Samsung
	Up to three CWs with no more than 4 MIMO layers per CW can be allocated simultaneously for a UE in case of multiple PDCCH based NC-JT.
FFS, corresponding UE capability signalling

	Panasonic
	For multi-TRP transmission, up to 3 total CWs in scheduled PDSCHs should be supported and following limitations should apply:
-	Total number of transmitted layers should not exceed UE capability
-	Number of layers/codeword should not exceed 4
-	Each codeword is transmitted with different DMRS CDM group

	Fraunhofer HHI, Fraunhofer IIS
	Limit the total number of CWs  to , if the additional required complexity can’t be justified by large throughput gains from the companies supporting . 

	Nokia
	For multi-DCI based multi-TRP/panel transmission, X= 3 is not supported.

	Qualcomm
	For multiple-PDCCH based design for multi-TRP, the total number of CWs in scheduled PDSCHs is equal to 2.

	OPPO
	The conclusion that at most 2 CWs can be scheduled by multiple PDCCHs is applied when the time domain resources of PDSCHs are overlapped in one BWP and X=3 is not supported.

	Spreadtrum
	X=3 should not be supported.

	NTT DOCOMO, INC
	For multiple PDCCH design for eMBB, up to X=2 CWs/PDSCHs are supported for multi-TRP/panel transmission to a UE. X=3 is not supported.

	
	



· no/partial/full PDSCH overlapping at T/F domains, considering associated rate matching mechanism and the maximum number of overlapped PDSCH per BWP per symbol
	Company
	Comments

	Huawei, Hisilicon
	Support Alt.1 or Alt. 3 (as the second preference) where the UE may be scheduled with fully/partially/non-overlapping PDSCHs at both time and frequency domain by multiple PDCCHs.

	ZTE
	For a UE supporting multiple-PDCCH based multi-TRP/panel transmission, the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH

	vivo
	If partially overlapped PDSCH resource allocation from different TRPs are supported for non-ideal backhaul scenarios, type B resource allocation should also be restricted

	MediaTek
	Support that a UE can be scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs for multi-TRP transmission. Alt 3 can be considered by further introducing constraints below:
1) Number of CDM groups without data is fixed to 2 for DMRS configuration type 1 and is fixed to 3 for DMRS configuration type 2 
2) Reference point A is the same for all TRPs
3) PRB bundling is aligned for its size and boundary among coordinated TRPs
4) SCS is the same for the PDSCHs from multiple TRPs

	LGE
	Based on Observation 4, 5, and 6, some level of coordination in terms of PDSCH scheduling between TRPs/panels, e.g., resource allocation/partitioning, should be assumed even in non-ideal backhaul case.

	Lenovo, Motorola
	Adopt Alt 2 in PDSCH resource allocation, allowing only full/non-overlapping PDSCH resources scheduled by multiple PDCCHs.  

	Samsung
	On the resource allocation for NC-JT PDSCHs, support Alt.3 (flexible RA with restrictions on DMRS) for multiple PDCCH based NC-JT
Consider to support mixed PDSCH mapping types across PDSCHs at least for multiple PDCCH.
Consider to introduce UE capability signalling to indicate whether the UE supports partially overlapped PDSCH for NC-JT or not.

	CMCC
	For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, Alt 3 is supported.
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.

	Intel
	Alt 3 can be supported with the following clarification: Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs.

	Panasonic
	For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, partial/full/no overlap should be supported for both PDSCH mapping type A and type B.
For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, all the transmitting TRPs should be semi-statically configured with separate CDM group number and if configured, at least following scheduling restrictions should be applied for partial/full/no overlap and UE support the operation only with such restrictions:
· All the participating TRPs are semi-statically configured with same DMRS configuration type, same number of front-loaded DMRS symbol(s) and same number of additional DMRS symbol(s)
· For PDSCH mapping type A
· No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.
· Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 
· For PDSCH mapping type B
· No data is transmitted on DMRS symbol(s) on any of the CDM groups and therefore DMRS port indication table entries with only the indices that have number of CDM groups without data equal to maximum CDM groups for a given DMRS configuration type are used.
· Each TRP is semi-statically configured with the same number of front-loaded DMRS symbol(s) and it restricts the dynamic configuration of lower number of front-loaded DMRS symbol(s). 
· The first symbol of PDSCH transmission always coincides with either the first symbol of the configured front-loaded DMRS symbol(s) for PDSCH mapping type A or the first symbol(s) of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.
· The additional DMRS symbol can only be transmitted if the first symbol of the additional DMRS symbol(s) for PDSCH mapping type B coincides with the first symbol of configured 1st, 2nd or 3rd additional DMRS symbol(s) for PDSCH mapping type A.

	Ericsson
	Support Alt.3 from AH 1901

	Fraunhofer HHI, Fraunhofer IIS
	Study the level of DMRS restrictions between multiple TRPs/panels.

	Nokia
	Support Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs.

	Qualcomm
	Alt 3 is supported for multiple-PDCCH based design.

	OPPO
	For multiple-PDCCH based multi-TRP/panel transmission, the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain (Alt.2) with the following restrictions:
•	Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full overlapping PDSCHs. 
•	The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full overlapping PDSCHs 
•	Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
•	The PDSCHs should be scheduled in the same BWP if they are overlapped in time domain.

	Spreadtrum
	Support Alt.2: UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain.

	CATT
	Support Alt. 3 with the following refinement.
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.
· Fully overlapped resource allocation of PDSCHs in time domain. 
· The allocation of CDM group for each TRP/panel should be configured/indicated prior to NC-JT transmission.
The overall allocation of CDM groups of all the potentially involved TRPs/panels should be informed to each TRP/panel.

	AT&T
	For resource allocation we prefer Alternative 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs.

	NTT DOCOMO, INC
	For multiple PDCCH design for eMBB, the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs.
	Alt. 1 or Alt. 3 is supported.

	NEC
	Support full/partial/non-overlapped PDSCH scheduling, Alt1 or Alt3, for multiple-PDCCH based multi-TRP at least for non-ideal backhaul.

	
	



· PDSCH mapping types 
	Company
	Comments

	Huawei, Hisilicon
	Receiving “PDSCH mapping type A + PDSCH mapping type A” simultaneously by the UE should be supported for multi-DCI based multi-TRP/panel transmission, and other combinations like “PDSCH mapping type A + PDSCH mapping type B” and “PDSCH mapping type B + PDSCH mapping type B” can be studied further.

	OPPO
	The same PDSCH mapping type for co-scheduled PDSCHs can be the baseline for further study.

Support independent PDSCH configuration for PDSCHs scheduled by multiple TRPs.

	vivo
	If partially overlapped PDSCH resource allocation from different TRPs are supported for non-ideal backhaul scenarios, type B resource allocation should also be restricted

	Intel
	PDSCH Type A+ Type A may be considered at first for NC-JT. 

	Samsung
	Consider to support mixed PDSCH mapping types across PDSCHs at least for multiple PDCCH.

	Panasonic
	For PDSCHs transmission from multi-TRP with multiple PDCCH using non-ideal backhaul, partial/full/no overlap should be supported for both PDSCH mapping type A and type B. To clarify, all combinations of PDSCH mapping types should be supported.

	
	



· PDSCH scrambling 
	Company
	Comments

	Huawei, Hisilicon
	Different scrambling sequences for PDSCHs from different TRPs can be considered.

	AT&T
	Co-ordination between the TRPs is not needed for scrambling id initialization.

	Samsung
	Enhance the cinit for PDSCH scrambling, e.g. by adding a term with the value from DCI contents such as an HARQ process number for the corresponding CW.

	CMCC
	Enhancement on scrambling sequence of PDSCH for multiple layers mapped from one codeword could be considered.

	Spreadtrum
	Enhancement on PDSCH scrambling for multi-TRP multi-PDCCH case should be studied to achieve interference randomization between PDSCHs from different TRPs.

	Panasonic
	Different scrambling sequences for PDSCHs from different TRPs should be considered



· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
	Company
	Comments

	Huawei, Hisilicon
	In order to support independent scheduling, multiple “PDCCH-config” configurations per BWP should be introduced for intra-cell/inter-cell multi-DCI based multi-TRP/panel transmission.  

	ZTE
	For multiple PDCCH design, extend some RRC configurations, e.g. PDSCH-Config, PUCCH-Config to two or divide some RRC configurations, e.g. CORESETs into two groups. Then associate those parameters across all CCs for the same TRP.

	Vivo
	Maximum number of CORESET per BWP should be further increased from 3 to 6.
Support explicit or implicit differentiation of TRPs.
Firstly, the number of CORSETs should be increased. Currenly, there is restriction that at most 3 CORESETs can be configrued per BWP.  For multi-TRP scenarios, we assume that :
· 1 CORESET is used for broadcast, e.g., SI/Paging etc. ;
· 1 CORESET per TRP is used for group common signaling per TRP, e.g., SFI/TPC/Pre-emption ;
· 1 CORESET per TRP is used for UE specific transmission ;
· 1 CORESET is used for BFR.

	CATT
	For PDCCH differentiation, both Alt.1 and 2 con be considered, and Alt.2 is slightly preferred.

	LGE
	Consider that PDCCHs from different TRPs/panels are transmitted on one CORESET.  

	Sony
	TCI states in a ControlResouceSet IE corresponds to one TRP.
The TCI in a DCI for PDSCH reception shall differentiate a TRP dynamically.
The TRP for a CORESET reception should be selected within the range of TRP differentiations for a PDSCH/DMRS reception.  
Multiple CORESET used for multiple PDCCH with multi-TRP/panel should be multiplexed as follows.
-TDM manner
FFS: the time gap value among CORESETs
-FDM manner with UE capability.

	Nokia
	A separate CORESET is configured for the NR-PDCCH from each TRP for a UE receiving multi-TRP transmission.
The maximum number of search spaces is not increased for supporting multi-TRP transmission.

	Qualcomm
	For configuration of the UE to receive multiple DCIs in the multi-TRP transmission with multiple-PDCCH based design either different CORESETs or different search space sets can be used.

	OPPO
	At least one additional CORESET can be introduced to support data scheduling by multiple TRPs.

	Spreadtrum
	Support different CORESET configuration for different TRPs and each CORESET in the “PDCCH-config” corresponds to one TRP.

	
	




· The number of BD/CCE for multi-TRP reception  
	Company
	Comments

	Huawei, Hisilicon
	To support multiple PDCCHs for multi-DCI based multi-TRP/panel transmission, increasing the maximal number of BD/CCE per slot can be considered.

	Vivo
	

Support UE capability to indicate whether the upper limit of BD/CCE could be larger than and  for a CC when actually configured CC is smaller  than the maximum number of carriers UE supports.


Support UE capability to indicate the upper limit of BD/CCE  and  per CC, which could larger than what has been supported in Rel-15.
Support explicit configuration of upper-limit of BD/CCE for each CC.

	AT&T
	No enhancements are needed for Release 15 DCI formats.
RAN1 should study mechanisms to reduce the number of blind decodes, and the number of DCI formats for monitoring with multiple DCI.  

	Lenovo, Motorola
	Limiting the number of total CORESETs and search spaces configured for all TRPs to reduce UE complexity

	Qualcomm
	For the multiple-PDCCH based design, total number of blind decodes / CCEs should not be increased.

	OPPO
	Study the mechanism to reduce the number of blind detection with multiple PDCCHs, e.g. restrict the aggregation level/DCI format in search spaces associated with CORESET for secondary TRP.

	NTT DOCOMO, INC
	Support increase the number of blind decoding and configuration of the total number of blind decoding for multiple PDCCH for eMBB.

	
	



· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering associated DCI format/fields, and applicability to non-ideal backhaul and ideal backhaul 
	Company
	Comments

	Huawei, Hisilicon
	Each DCI of multi-DCI can include an assistance message to indicate whether another DCI is present or not, in case of ideal backhaul.

	Apple
	To support NR DL NCJT, DCI content can be further optimized or compressed by exploiting the common scheduling content for two PDSCHs

For two DCI design, considering to introduce assistance field in one DCI to aid the decoding of the other DCI, such as existence of the second DCI and resource allocation of the second DCI
NR to consider PDCCH design to support dynamic TRP pointing, including but not limited to, assistance information in DCI for TRP indication and TRP disabling via reserved DCI field

	OPPO
	Rel-15 DCI format can be reused for multiple-PDCCH based transmission.

	Samsung
	Support two-level DCIs for single PDCCH based NC-JT at least for non-coverage-limited UEs.

	
	



· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH 
	Company
	Comments

	Qualcomm
	For the multiple-PDCCH based design, the impact to UE processing timing needs to be carefully considered given that the UE needs to process multiple DCIs/PDSCHs simultaneously.

	OPPO
	The enhancement on PDSCH processing time should be firstly concluded in NR URLLC topic.

	
	





· Pre-emption and rate matching indication enhancement

	Company
	Comments

	Huawei, Hisilicon
	For rate matching/pre-emption mechanisms used for PDSCH in multi-DCI based multi-TRP/panel transmission in non-ideal backhaul,
PDCCH RM indication should be enhanced so that, for PDSCH from one TRP/“PDCCH-config”, the remaining rate matching pattern(s) in neither rate matching groups indicated by “rateMatchPatternToAddModList”, indicate resources of CORESET(s) for PDCCH candidates from another TRP/“PDCCH-config” 

PI indication should be enhanced so that the UE may assume pre-emption of a PDSCH according to PI indicated from respective DCI 2_1, which is associated with the same“PDCCH-config” scheduling that PDSCH.

	Vivo
	It should be supported to puncture from PDSCH the DMRS REs of the other simultaneously transmitted PDSCH in multi-PDCCH transmission for multi-TRP.
Service dependent puncturing behavior should be supported:
•	For eMBB + eMBB multiplexing, only DMRS REs should be punctured;
•	For URLLC + eMBB or URLLC + URLLC multiplexing, both PDSCH RE and DMRS REs should be punctured based on service priority.

A PDSCH is aperiodically rate matched only around those signals indicated in its own scheduling DCI.  All signals indicated in other DCIs are not rate matched, e.g. aperiodic ZP CSI-RS, aperiodic NZP CSI-RS, aperiodic rateMatchPattern and PDCCH not scheduling the PDSCH.

Further clarify the PDSCH rate matching behavior of one TRP around the P/SP signals from another TRP, which might include SSB, CSI-RS and rateMatchPattern.

	AT&T
	Information sharing between the NZP-CSI-RS/ZP-CSI-RS is beneficial to avoid the interference on NZP-CSI-RS resource elements

	CMCC
	For multiple PDCCH transmission, rate matching information coordination could be considered.

	Ericsson
	Support mechanisms to extend PDSCH resource mapping around multiple reserved resources from different gNBs, i.e. configured CORESET, ZP-CSI-RS-ResourceSet and lte-CRS-ToMatchAround including dynamic resource mapping around detected PDCCHs

	Motorola, Lenovo
	Support separate pre-emption indications for different TRPs associated with different TCI states.
A PDCCH can indicate multiple pre-emption indications for different TRPs associated with different TCI states.
Each pre-emption indication for multi-TRP operation includes a 14-bit indicating pre-empted resources as well as a [6] bit TCI state/ssb-index indicator.
Group common signaling is used to indicate separate pre-emption indications for different TRPs associated with different TCIs.
DCI format 2_1 is re-used, with each pre-emption indication for multi-TRP operation having a [21] bit-field size.
Further study how to determine how many pre-emption indications are intended for the UE from starting position positionInDCI.

	ASUSTek
	RAN1 study PI enhancement for multiple-TRP/panel/beam





· UL control enhancement 
· #4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
	Company
	Comments

	Huawei, Hisilicon
	For PUCCH resource for A/N feedback, multiple “PUCCH-config” configured with at least TDMed PUCCH resources shall be associated with multiple “PDCCH-config” respectively.
Support using "PDCCH-config” to distinguish associated HARQ-ACK codebook.
In order to handle intra-UE A/N and PUSCH overlapping in one slot for multiple PDCCHs design, the following rule could be adopted.
· If A/N and PUSCH are associated with the same RRC parameter (e.g. PDCCH-config), HARQ-ACK should be transmitted as multiplexing over PUSCH as Rel-15
· If A/N and PUSCH are not associated with the same RRC parameter (e.g. PDCCH-config), HARQ-ACK should be transmitted over PUCCH without multiplexing on PUSCH.

	Vivo
	The cases that UE could simultaneously transmit different PUCCH resources should be clarified first.
UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules if the resources could not be transmitted simultaneously.
Support to use RRC to signal to UE whether DAI is jointly counted or independently counted across different TRPs.

	LGE
	UE should be able to separate ACK/NACK codebooks for TRP 1 and TRP 2, based on TCI state of PDCCH.
Symbol level TDM between ACK/NACK PUCCH for TRP 1 and that for TRP 2 can be considered in the same slot. If ACK/NACK PUCCH for TRP 1 and that for TRP 2 share the same OFDM symbol, one of the two is transmitted based on priority rule.

	CMCC
	To reduce the PUCCH resource overlapping possibility, some methods could be considered, e.g., the coordination among TRPs through backhaul signaling, or indicating a group of PUCCH resources by DCI that UE can select one of them to feedback ACK/NACK.

	Intel
	For multi-DCI multi-TRP HARQ-ACK feedback with separate ACK/NACK payload/feedback:
-	Consider two HARQ-ACK codebooks
-	Consider CORESET/search-space as TRP differentiation 
-	Consider dropping rules if PUCCH for TRP-1 and TRP-2 overlap in time

	Qualcomm
	Support introducing different PUCCH resource groups within each PUCCH resource set, where different groups correspond to PUCCH resources that can be used for transmission to different TRPs.
Support dynamic TRP differentiation for multi-TRP transmission with multiple-PDCCH based design.

	Ericsson
	Strive to reuse the NR Rel-15 TCI framework for CORESETs and spatial relation framework for PUCCH to make an association between PDCCH and PUCCH resources in the multi-PDCCH scenarios.

	Docomo
	For separate ACK/NACK payload/feedback for multiple-TRP/panel transmission for eMBB, multiple PUCCHs can be transmitted within a slot.
	Note: Multiple PUCCHs for HARQ-ACK within a slot is agreed for Rel. 16 in RAN1#95
	Mechanism of multiple PUCCHs for HARQ-ACK transmission within a slot should be unified for URLLC and multi-TRP/panel.



· joint A/N payload/DAI for PDSCH 
	Company
	Comments

	Huawei, Hisilicon
	Consider joint feedback of ACK/NACK of PDSCHs scheduled by two PDCCHs for ideal backhaul.

	Vivo
	Joint HARQ feedback is supported for multi-PDCCH based multi-TRP transmission.
· Joint semi-static codebook could be further enhanced to transmit A/N bits for different TRPs;
· Separate encoding of the payload targeting different TRPs could also be supported.

	CATT
	Support both separate and joint PUCCH feedback for multi-TRP/panel transmission based on multiple PDCCHs.

	LGE
	For ideal/small backhaul delay, joint ACK/NACK feedback can be considered and encoding order for semi-static codebook should be defined considering multiple TRPs.

	Samsung
	Support the following options at least for HARQ ACK/NACK feedback of NC-JT for eMBB:
Option 1: Single PDCCH and single PUCCH (supported from Rel-15)
Option 2: Multiple PDCCH and single PUCCH
Option 3: Multiple PDCCH and multiple PUCCH (already agreed to support

	Panasonic
	For eMBB multi-TRP transmission, transmission of joint ACK/NACK feedback for multiple received PDSCHs could be considered only for ideal backhaul scenario.

	Qualcomm
	NR Rel-16 supports two HARQ-Ack payload determination modes:
Mode 1: joint HARQ-Ack payload for TBs from different TRPs (applicable to the ideal backhaul case);
Mode 2: Separate HARQ-Ack payload for TBs from different TRPs (applicable to both ideal and non-ideal backhaul cases).
Support intra-UE multiple HARQ-Ack transmissions per slot, where the multiple HARQ-Ack transmissions in a slot can be 
•	transmitted on different OFDM symbols, or 
•	transmitted on overlapping OFDM symbols via different antennas/panels for a UE with MIMO capability.

	OPPO
	Joint A/N feedback should reuse the Rel-15 design as much as possible.

	Spreadtrum
	Joint ACK/NACK payload for multiple-PDCCH case should not be supported.

	Nokia
	Joint ACK/NACK payload/feedback for received PDSCHs is not supported.

	
	



· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
	Company
	Comments

	Huawei, Hisilicon
	Joint CSI measurement and reporting for single PDCCH based multi-TRP transmission should be supported in Rel-16.  
Independent CSI measurement and reporting is a baseline for the CSI enhancement in multiple PDCCH based multi-TRP transmission.

	Vivo
	Joint CSI reporting and separate CSI reporting should both be supported.

	CATT
	To support NC-JT with single PDSCH, joint CSI measurement among coordinated TRPs/panels should be considered. In addition, at least the following CSI feedback quantities need to be included:
•	PMI/RI for each TRP/panel
•	CQI for each codeword
If new codeword mapping rule is to be introduced in Rel-16, it might need to be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting quantities at UE side.

	LGE
	To harvest potential NCJT performance improvement, CSI enhancement reflecting inter-TRP interference should be supported.

	Samsung
	Support the following CSI feedback for NC-JT:
· {CRI, CQI} feedback for each TRP with 1-port CSI-RS resources, where CRI can indicate zero resource selection, and number of layers (RI) equals number of resource(s) indicated via CRI(s)
Extension two-part UCI = (UCI#1, UCI#2) in Rel-15 for NC-JT, where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI#2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.

	Ericsson
	For CSI feedback, study UE assisted multi/single-TRP hypothesis selection feedback where the UE decides on single or multi-TRP transmission based on measurements and indicate the preferred hypothesis to the network

	Nokia
	Separated CSI reporting is supported at each TRP following Rel-15 CSI framework.  

	NEC
	Enhancement on CSI measurement and feedback for dynamic switching between single-TRP and multi-TRP transmission should be supported. And overhead reduction can be studied for the typical cases.
For multi-TRP/panel transmission, inter-TRP/panel interference measurement can be based on CSI-RS resource(s) configured for channel measurement for other TRPs.

	Qualcomm
	Support separate and joint CSI reports for CSI feedback for multi-TRP with single-PDCCH based design, where in the joint report a rank indicator pair and a PMI pair are reported.
In addition to separate CSI feedback, joint CSI feedback can be beneficial in the case of ideal backhaul for the multiple-PDCCH based design.

	OPPO
	Support separate CSI reporting configurations/resources for different TRPs.
Joint CSI reporting for different TRPs via one CSI report configuration is not supported for non-coherent JT.

	Spreadtrum
	Support separate CSI configuration for different backhaul cases.
A new design of CSI composition and CSI Part 2 omission priority should be considered for single UCI design.



· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
	Company
	Comments

	Huawei, Hisilicon
	In order to use the maximal buffer size of the UE, HARQ process for multi-DCI based multi-TRP/panel transmission should be enhanced by using “PDCCH-config” to distinguish HARQ processes for scheduled PDSCHs.  

	OPPO
	Support more HARQ processes as a UE capability.

	Spreadtrum
	A UE maximum number of HARQ processes should be 32 for NC-JT, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.

	NTT DOCOMO, INC
	For multi-panel/TRP transmission for eMBB,
· Support the same HARQ entity for multi-panel/TRP transmission.
· Support the increased HARQ process number per HARQ entity for multi-panel/TRP transmission.


	Xiaomi
	Both single HARQ entity and multiple HARQ entity should be supported




For single-PDCCH based multi-TRP/panel based DL transmission, 
· #6 TCI state/QCL Indication enhancement for PDCCH and/or PDSCH 
· Mapping of TCI states to CDM groups
	Company
	Comments

	Huawei, Hisilicon
	For TCI state indication for DMRS type 2, if two TCI states are indicated by a TCI code point in the DCI, DMRS ports in CDM group 0 corresponds to the first TCI state of that TCI code point and the rest DMRS ports corresponds to the second TCI state.

	vivo
	For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 
· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.
· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 
· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.
· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.

	LGE
	Regarding relationship between TCI state and DMRS port(s) for the case of two TCI states indication, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI should be considered. For DMRS type 2, the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2

	Intel
	For DMRS type 2, if the number of CDM groups assigned to a UE is 2, apply the same solution as DMRS type 1. If the number of CDM groups assigned to a UE is 3 apply a fixed rule of associating a TCI state with CDM groups 0 and 1.

	Panasonic
	TCI indication framework shall be enhanced in Rel-16 also for URLLC: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
For TCI indication framework enhancement in Rel-16, DMRS type 2 should be supported, where 3 CDM groups are configured for three TRPs, but the actual number of transmitting TRPs could be less than 3.
-	MAC-CE signalling should be enhanced to allow indication for up to three QCL assumptions for three TRPs and also the association to corresponding TRP Ids

	Ericsson
	When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are activated within a TCI code point, the first and second TCI state corresponds to CDM group λ=0,1 respectively.
When a single DMRS CDM group is indicated by antenna port indication table, the first TCI state in a code point with two TCI states is used for the scheduled PDSCH.
When three DMRS CDM group is indicated by antenna port indication table, and the indicated TCI code point has two TCI states, then the UE can ignore the DCI.

	Nokia
	For DMRS type 2, when 2 TCI states are activated within a TCI code point, one TCI state corresponds to the first CDM group and the other TCI state corresponds to the second and/or the third CDM groups. 

	NEC
	For DMRS type 2, when 2 TCI states are activated within a TCI code point, each TCI state corresponds to one or two CDM groups, and if one TCI state corresponds to two CDM groups, the other TCI state can only correspond to the remaining one CDM group.

	OPPO
	For DMRS type 2, when 2 TCI states are activated within a TCI code point,
•	Each TCI state corresponds to one CDM group if two CDM groups are configured
•	One TCI state corresponds to one CDM group and the other corresponds to the other two CDM groups if three CDM groups are configured
•	The mapping relationship between TCI states and CDM groups is fixed in specification.



· Configuration details of TCI states
	Company
	Comments

	Huawei, Hisilicon
	Grouping 1 or 2 TCI states to one TCI code point can be configured/activated through RRC, or MAC CE to the UE.

	ZTE
	Support two step MAC-CE for TCI enhancement 
Step 1: N2 TCI states are selected from RRC configured pool of TCI states, which is the same as Rel-15.
Step 2: N3 active TCI candidates, each of which includes 1 TCI state or 1 TCI state pair, are selected or combined from the N2 TCI states.
The N3 active TCI candidates are associated with TCI codepoints in DCI, respectively.

	Lenovo, Motorola
	Increase the size of the TCI field in DCI from 3 to X, where X is FFS.   

	Samsung
	Send an LS to RAN2 to request MAC-CE signalling update to map up to 2 TCI states for a TCI code point in a DCI.

	CMCC
	To indicate more than one TCI states in the DCI field, a new mapping between TCI code point and TCI state set should be enhanced.

	Panasonic
	For TCI indication framework enhancement in Rel-16, DMRS type 2 should be supported, where 3 CDM groups are configured for three TRPs, but the actual number of transmitting TRPs could be less than 3.
-	MAC-CE signalling should be enhanced to allow indication for up to three QCL assumptions for three TRPs and also the association to corresponding TRP Ids

	Ericsson
	When a single DMRS CDM group is indicated by antenna port indication table, the first TCI state in a code point with two TCI states is used for the scheduled PDSCH.
Study whether increasing the number of bits in DCI for selecting active TCI states in order to accommodate more transmission hypotheses (without increasing the maximal number of active tracked QCL source RSs) is beneficial

	Nokia
	For multi-TRP operation with single PDCCH scheduling, support one of the following alternatives for defining TCI state  
o	Alt. 1: UE is configured with more than one TRS corresponding to different TRPs,
-	FFS: the number of TRPs for TRS reception.
o	Alt. 2: NR supports new QCL-relation between two RSs from the different TRPs. 
-	FFS: QCL-type  

	OPPO
	The 3bits TCI field is unchanged in Rel-16.

	DOCOMO
	For single PDCCH design for eMBB, when 2 PDSCHs are scheduled by a single PDCCH, each PDSCH has 1 TB.
For single PDCCH design for eMBB, RRC can configure multiple sets of TCI state configurations, where each set includes 1 or 2 TCI states. MAC CE is used to activate up to M sets of TCI state configurations. The activated set shall be mapped to the TCI codepoint in a DCI.

	Xiaomi
	It is better to make clear of the panel activation mechanism before discussion the detail of mapping table between TCI code point and TCI state(s).
It is better to add the TRP ID into the CORESET configuration.
More than one default TCI state for PDSCH reception should be supported
It will fall back to only one default TCI state for PDSCH reception if the CORESET is configured with only one TCI state.



· #7 Enhancement of CW-Layer mapping across TRPs/panel 
	Company
	Comments

	Huawei, Hisilicon
	Support.
LTE-like CW to layer mapping scheme for two, three and four layers spatial multiplexing.

	ZTE
	For single PDCCH design, more flexible CW mapping should be supported for multi-TRP/panel transmission.

	AT&T
	With Single PDCCH, two codeword MIMO should be supported for transmission ranks greater than 1.
With single DCI, UE should recommend the layer mapping within each codeword as part of CSI feedback.

	CATT
	To better support NC-JT in Rel-16, the following enhancements can be considered:
· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups
· flexible codeword-to-layer mapping (additional correspondence) 
Considering the trade-off between complexity/overhead and flexibility, the following mapping scheme is preferred:
•	Rel-15 mapping rule is applied, if 1 TCI state is indicated
•	LTE mapping rule is applied, if more than one TCI states are indicated

	LGE
	For single DCI based NCJT, two CW transmission with 3 and 4 layers and DMRS port reordering for two CWs should be supported.

	Lenovo, Motorola
	For single-PDCCH based single PDSCH transmitted from multi-TRP/panel, update the CW to RE mapping rule.

	CMCC
	For single PDCCH transmission, the CW-to-layer mapping and DMRS ports indication should be enhanced to support multi-TRP NCJT transmission.

	Ericsson
	RAN1 concludes that there is no change in CW to layer mapping and number of CWs per transmission rank in Rel-16.

	Nokia
	For a single NR-PDCCH scheduling separate NR-PDSCH from two TRPs, consider supporting the following.
•	Layers from each TRP are mapped to a separate codeword even when the total number of layers ≤4.
•	The MCS associated for the transmission from each TRP can be different.

Introduce additional codeword to layer mapping combinations for multi-TRP operation.

	NEC
	Enhancement on CW to layer mapping (2-4 layers) should be supported for multi-TRP transmission, and two CWs should be supported for 2-4 layers.

	Spreadtrum
	For single-PDCCH based NC-JT transmission, all MIMO layers corresponding to one CW is transmitted by the same TRP, with the number of 2 CWs in scheduled PDSCH.

Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.

	Apple
	For single DCI design, considering reusing the existing DCI framework by allowing layers to TRP mapping or CW to TRP mapping.

	DOCOMO
	For single PDCCH design for eMBB, whether flexible CW mapping should be supported or not depends on the performance gap between single-CW and two-CW transmission for 2-4 MIMO layers when the RSRP gap between two coordinated TRPs is small for a UE.
It is preferred to support mapping 2 CWs to 2-4 MIMO layers in Rel-16.

	Intel
	Comparing SCW and MCW transmission mechanisms in InH scenario, in most cases of 5%-tile and mean UPT across different (load, backhaul latency) MCW provides very little or no throughput benefits.



· #8 PTRS indication enhancement
	Company
	Comments

	ZTE
	Support two PTRS ports. 
· The maximum number of PTRS ports should be the same as the number of indicated DMRS port groups.
· The number of PTRS ports is finally indicated by DCI-indicated TCI codepoint.

	AT&T
	Additional PT-RS signal is recommended with multiple panel transmission.  

	Lenovo, Motorola
	PT-RS for multi-TRP/panel PDSCH transmission is FFS.    

	Intel
	In order to track phase shifts from different links, for multi-TRP/panel operation, more than 1 PT-RS ports should be supported.

	OPPO
	Up to two DL PTRS ports can be configured and associated with indicated TCI states.

	
	



· #9 DMRS table/DMRS port indication enhancement 
	Company
	Comments

	Huawei, Hisilicon
	New DMRS indication entries with DMRS ports from more than one CDM groups.

	ZTE
	If the DCI-indicated TCI codepoint has one TCI state, Rel-15 DMRS port indication table is used. If the DCI-indicated TCI codepoint has one TCI state pair, a new DMRS port indication table is used. 
· The DMRS port(s) within the first allocated CDM group are associated with the first indicated TCI state. And the remaining DMRS port(s) are associated with the second indicated TCI state.
· Support layers combinations including 1+1, 1+2, 2+1, 2+2, 2+3, 3+2, 3+3, 3+4, 4+3, 4+4 from the first TRP + the second TRP.

	Vivo 
	Introduce DMRS ports combination (0, 1, 2, 4) and (0, 1, 2, 6) for DMRS type 1 and DMRS type 2 with 2 DMRS symbols respectively

	AT&T
	As shown above significant gains can be obtained with dynamic layer mapping, hence with dynamic layer mapping we expect the DMRS ports tables needs to be updated to incorporate the more port combinations.

	CATT
	DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible).

	Lenovo, Motorola
	Update the DL DMRS port indication scheme based on R15 DMRS design.

	CMCC
	For single PDCCH transmission, the CW-to-layer mapping and DMRS ports indication should be enhanced to support multi-TRP NCJT transmission.

	Ericsson
	Add one row to the DMRS Type 1 antenna port indication table using ports 0,2,3 to allow for scheduling (1,2) layers in the two CDM groups respectively.

	Fraunhofer HHI, Fraunhofer IIS
	Assign DMRS ports of the same CDM group to the same TRP, where different DRMS port from different CDM groups, i.e. occupying orthogonal resources, should be assigned to the different TRPs. The restrictions for mapping data in the different PDSCHs should further studied.

	NEC
	For both DMRS type 1 and type 2, when 2 TCI states are activated within a TCI code point, new DMRS tables should be designed.

	Qualcomm
	Support introducing new DMRS tables for indication of antenna ports for the case of multi-TRP with single-PDCCH based design. The determination of which set of DMRS port tables should be used can be a function of the TCI field value in the DCI, i.e., whether it maps to one TCI state or two TCI states.

For supporting multi-TRP + MU-MIMO, the impact to UE complexity and channel estimation performance needs to be studied.

	Spreadtrum
	For single-PDCCH based NC-JT, the following aspects should be considered for PDCCH enhancement:
Rate matching indication enhancement
DMRS port indication enhancement
CBG-based retransmission enhancement

	Panasonic
	If new DMRS table is being considered in Rel. 16, then possibly a new RNTI should be introduced to indicate the configuration of the new tabled and if the CRC of DCI scheduling the PDSCH is scrambled by this RNTI, then new table is used, otherwise the DMRS tables from Rel. 15 are used

	
	



· #10 Pre-emption and rate matching indication enhancement
	Company
	Comments

	ZTE
	Rate matching enhancement should be supported.

	Spreadtrum
	For single-PDCCH based NC-JT, the following aspects should be considered for PDCCH enhancement:
Rate matching indication enhancement
DMRS port indication enhancement
CBG-based retransmission enhancement

	
	




Others
Vivo: For PDSCH scheduling for non-ideal backhaul scenarios, UE does not expect to perform dynamic bandwidth switch triggered by one TRP during a predefined time period after the BWP switch triggered by another TRP.
Vivo: Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.  
Vivo: For multi-TRP scenarios, clarify whether group common signaling could be indicated TRP specifically, i.e. whether the corresponding group common control signaling is only effective for the transmission and reception associated with a single TRP or not.  

MediaTek: For a UE expected to receive two PDCCHs from two TRPs, configuration of BWPs configured for this UE is the same for each coordinated TRP. BWP switch command is allowed only from a master TRP. The BWP used by the master TRP always contains the BWP used by the slave TRP.

AT&T: DMRS port sharing between the TRPs will benefit the overall performance for each transmission rank.

Lenovo: For multi-PDCCH based multi-TRP/panel transmission, reuse the CW to RE mapping rule of R15 for each PDSCH with rank up to 4.

Ericsson: For multi-PDCCH operation, the Rel-15 antenna port indication tables can be reused without modification

Qualcomm: UE is not expected to receive transmission from more than one TRP if time and frequency between the TRPs are not tightly-synchronized.
Qualcomm: A flexible capability framework should be specified to allows UE to support multi-TRP and legacy operation with area efficient implementations.
Qualcomm: Support intra-UE simultaneous PUCCH and PUSCH transmission via different Tx antennas/panels on the same OFDM symbol for UE with MIMO capability. 
•	Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability.

OPPO: It is assumed that multiple TRPs for non-coherent JT transmission are synchronous and the UE could receive PDSCHs from multiple TRPs within a CP with single/multiple FFT windows.
OPPO: Priority should be defined if PDSCHs from multiple TRPs with different TCI states are simultaneously scheduled for a single panel UE.

Apple: NR to consider to introduce TCI in UL DCI to configure UL beam for UEs with beam correspondence
Apple: NR to consider to introduce independent beam configurations (TCI or SRI) for both UL and DL for each PUSCH and PDSCH in order to support NCJT
Apple: NR to consider to allow UE to request activation and deactivation of NCJT.
Apple: NR to consider to allow NW to activate and deactivate NCJT operation, preferably independently for each BWP.
Apple: NR to consider to introduce measurement report to support adaptive NCJT operation.

DOCOMO: 
For multi-TRP/panel for eMBB, the terminology of single PDSCH and multiple PDSCH is clarified as following:
	Single PDSCH means the same TCI state is configured to PDSCH from either single or multiple TRPs/panels, i.e., from UE side, UE cannot distinguish different transmitted PDSCH.
	Multiple PDSCH means the different TCI state is configured to each PDSCH from multiple TRPs/panels, i.e., from UE side, UE can distinguish different transmitted PDSCH.
DOCOMO: 
	For multi-TRP/panel for eMBB, the terminology of single PDCCH and multiple PDCCH is clarified as following:
	Single PDCCH means single PDCCH can schedule multiple PDSCH with different layers from different TRPs/panels.
	Multiple PDCCH means multiple PDCCH can schedule multiple PDSCH with different layers from different TRPs/panels, where each PDCCH schedules one PDSCH.
	FFS: the number of TCI states or QCL assumptions for PDCCH a UE can simultaneously detect on the same OFDM symbol.

ASUSTek: UE panel status is considered when scheduling a DL transmission via multiple TRP.
ASUSTek: RAN1 to support a mechanism to switch single TRP transmission and multiple TRP transmission in NR Rel-16.
MediaTek: For single PDCCH case, only one field for resource allocation for multiple-TRP transmission within one PDSCH. Layers transmitted from TRPs are with identical resource allocation. A UE expects that all PDSCH layers are transmitted within identical BWP.

DOCOMO: For single PDCCH design for eMBB, frequency domain and time domain resources of PDSCH from multiple TRPs/panels are completely overlapped.
	Note: no additional DCI fields are needed to indicate the time/frequency domain resources

Lenovo: Adopt a DCI format which can support both non-coherent joint transmission and multi-TRP based PDSCH/PUSCH repetition.

Sony: In case of antenna switching, a UE can simultaneously transmit PUCCH/PUSCH in different component carrier using different antenna panel.

NEC: Multiple TA should be supported for uplink transmission based on multi-TRP.

Spreadtrum: CBG-based retransmission enhancement

NEC: Support dynamic switching between single-TRP and multi-TRP scheduling.

Xiaomi: It is necessary to support MAC activation of more than one TCI state for PDCCH reception.

For URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul, 

· PDSCH repetition
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

	Company
	Comments

	HW, HiSilicon
	Support at least PDSCH repetition of schemes 1 and 4 with slot based repetition, and scheme 3 with mini-slot based repetition within the slot. Each repetition is associated with one TCI, one RV and one DMRS port whilst repetitions use common MCS. 

	ZTE
	Support SDM repetition where two TCI states within the single slot, with overlapped time and frequency resource allocation.
· The repeated TBs are scheduled by a single PDCCH.
Different DMRS ports

	Ericsson
	Support scheme 1, 2, 3, and 4 in Rel.16 (FDM, TDM, and SDM).

	Samsung
	Study SDM and slot-aggregation based TDM for URLLC use cases on the following issues:
· Whether/how to inform the UE of dynamic ON/OFF of SDM based repetition
· How to indicate TCI states for slot-aggregation based repetition
· Restrictions on MCS and RV for slot-aggregation based repetition

	LG
	At least TDM based scheme should be supported for one panel UE in FR 2 and at least one of FDM/SDM based scheme should be supported for latency reduction. Also, several schemes can be applied simultaneously.

	Lenovo
	Transmitting TB repetitions on overlapped time/frequency resources can reduce latency with minimal expected performance impact for some deployment/operational scenarios. 
Scheme 1 (SDM) is supported in Rel-16

	Nokia
	For PDSCH related multi-TRP specification support for URLLC, down select Scheme 1 and Scheme 3 for further considerations to see the potential benefits over the baselines. 

	QC
	For the case of FDM / SDM, one rate matching case (single RV) should be the main focus for reliability of PDSCH.  

	Intel
	For multi-TRP specification support for URLLC (PDSCH related)
· It is beneficial to support single DCI based transmission compared to multi-DCI (from reliability perspective)
· We observe no benefit of SDM scheme for reliability purposes
· The use cases of TDM schemes is single panel FR2 UE where beam/panel switching time has to be considered for evaluation of URLLC latency. 

	NEC
	Scheme 1 SDM: Basically, the spatial diversity from different TRPs can be exploited by the scheme. Moreover, different RVs can be assigned to the PDSCH from different TRPs, which can further improve the reliability. However, if fully overlapped scheduling is supported, MCS for two TRPs have to be the same, which means one PDSCH can be with improper MCS and lower down the reliability.  Moreover, the support of frequency diversity is limited, since the TRPs should be supported with fully overlapped resources.

	NTT DOCOMO, INC
	Among the four schemes, scheme 1 and scheme 2 require UE to support more than one TCI states simultaneously, implying that the UE shall be capable of multiple panels/beams. In order to make the enhancement useful for various types of devices, the primary target should be TDM for multiple TCI states, which is realized by scheme 3 and/or scheme 4. In our view, it could be possible to enable SDM and/or FDM by minimum enhancement if TDM schemes are supported.

	Vivo
	Scheme 1 is not supported at least when the PDSCH transmitted from two TRPs is triggered by single PDCCH.

	
	



· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation

	Company
	Comments

	ZTE
	Support FDM repetition where two TCI states within the single slot, with non-overlapped frequency resource allocation.
· The repeated TBs are scheduled by a single PDCCH.
· If only one MCS field exists in DCI, the same MCS and the same number of PRBs are predefined for two frequency resource parts.
· If two MCS fields exist in DCI, different MCS and the number of PRBs can be used for two frequency resource parts. 

	Ericsson
	Support scheme 1, 2, 3, and 4 in Rel.16 (FDM, TDM, and SDM)

	Samsung
	FDM has low priority unless multiple PDCCH based NC-JT can be adopted for URLLC use cases. In the case of single PDCCH based NC-JT, FDM should address numerous issues those have not been treated in eMBB cases. For instance, there will be a bunch of ways to allocate non-overlapping frequency resource for each TRP, e.g. with fixed allocation pattern or flexible allocation, and inform it to UE. Therefore, it seems better to revisit these issues after deciding the details on frequency domain resource allocation for eMBB NC-JT.

	LG
	At least TDM based scheme should be supported for one panel UE in FR 2 and at least one of FDM/SDM based scheme should be supported for latency reduction. Also, several schemes can be applied simultaneously.

	Lenovo
	Transmitting TB repetitions over non-overlapped frequency resource allocation can increase reliability and reduce latency. 
Scheme 2 (FDM) is supported in Rel-16.

	Nokia
	The UE receives the same TB with the same DMRS ports from multiple TRPs, but the frequency domain resource allocations are different and not overlapping. This scheme requires separate DCIs to indicate different resource allocation, thus, it is possible to use different RVs and MCSs as they can have different allocation sizes. It is possible to get the soft combining gain and without sacrificing latency. The problem would be the requirement of larger frequency allocation and scheduling can become problematic when supporting TBs with lower code rates.

	Qualcomm
	For the reliability use case in FR1, specify DL control signalling enhancements to support multi-TRP scheme in which the same TB is transmitted from two TRPs across disjoint sets of RBs (FDM case).
For the case of FDM / SDM, one rate matching case (single RV) should be the main focus for reliability of PDSCH.

	NEC
	Support FDM scheduling (scheme 2) and TDM whining a slot scheduling (scheme 3) for multiple-PDCCH based multi-TRP at least for ideal backhaul.

	NTT DOCOMO, INC
	Among the four schemes, scheme 1 and scheme 2 require UE to support more than one TCI states simultaneously, implying that the UE shall be capable of multiple panels/beams. In order to make the enhancement useful for various types of devices, the primary target should be TDM for multiple TCI states, which is realized by scheme 3 and/or scheme 4. In our view, it could be possible to enable SDM and/or FDM by minimum enhancement if TDM schemes are supported.

	Vivo
	Scheme 2 and scheme 4 should be supported with further enhancement on mini-slot repetitions.

	
	



· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

	Company
	Comments

	HW, HiSilicon
	Support at least PDSCH repetition of schemes 1 and 4 with slot based repetition, and scheme 3 with mini-slot based repetition within the slot. Each repetition is associated with one TCI, one RV and one DMRS port whilst repetitions use common MCS. 

	ZTE
	Support TDM repetition where two TCI states within single slot or across multiple slots, with non-overlapped time resource allocation.
· The repeated TBs are scheduled by a single PDCCH.
· One new aggregation factor K2 should be introduced to semi-statically configure the number of PDSCH in time domain within one slot. 
· Denote the current slot aggregation factor pdsch-AggregationFactor as K1, the total number of repetitions in the time domain should be K=K1*K2

	Ericsson
	Support scheme 1, 2, 3, and 4 in Rel.16 (FDM, TDM, and SDM)
In Rel-16 there should be possible to trigger multiple such PDSCHs in the same slot (using type B scheduling, i.e. mini-slot based repetition).

	Samsung
	Mini-slot based TDM has low priority. It is preferred to have further study on this when the required specification on slot-aggregation based TDM is done first.

	Lenovo
	Support repetition of non-slot based PDSCH/PUSCH with multi-TRP transmission.
Repetition of non-slot based PDSCH/PUSCH within a slot (a.k.a. mini-slot repetition) with different TCI states can increase reliability and reduce latency for a smaller size TB, and for UEs not capable of simultaneous multi-panel operation.

	Nokia
	For PDSCH related multi-TRP specification support for URLLC, down select Scheme 1 and Scheme 3 for further considerations to see the potential benefits over the baselines. 

	Qualcomm
	[bookmark: MultiTCI3][bookmark: _Hlk528942664]Study and specify multi-TRP transmission across multiple TCI states / beams in different slots / mini-slots.

	Intel
	Note that there could be certain scenarios where this comparison is not applicable for example in FR2 with single antenna panel UE, in which case some TDM options for repetition may be applicable (FDM and SFN options are not applicable here).

	NEC
	Support FDM scheduling (scheme 2) and TDM whining a slot scheduling (scheme 3) for multiple-PDCCH based multi-TRP at least for ideal backhaul.
Scheme 3 TDM within a slot: Basically, the spatial diversity from different TRPs can be exploited by the scheme. Moreover, different RVs and MCSs can be assigned to the PDSCH from different TRPs, which can further improve the reliability. The support of time diversity may be limited, since the PDSCHs are confined within one slot.

	NTT DOCOMO, INC
	Support at least scheme 3 and/or scheme 4 of agreements in RAN1 AH 1901 with one DCI scheduling a transport block from multiple TRPs with multiple TCI states
· A UE is configured with one or multiple sequences of QCL assumptions/TCI states for PDSCH repetitions
Support mini-slot PDSCH repetition as a function of multi-TRP enhancement for URLLC
· Time-domain resource allocation for the first repetition is the re-use of Rel.15 SLIV.
· Time-domain resource allocation for the remaining repetitions are following.
· Back-to-back unless UL/DL direction conflict or cross slot boundary occurs.
· If UL/DL direction conflict or cross slot boundary occurs, consider to drop the concerned repetition as the baseline
· Postpone can be further considered case by case.

	
	



· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

	Company
	Comments

	HW, HiSilicon
	Support at least PDSCH repetition of schemes 1 and 4 with slot based repetition, and scheme 3 with mini-slot based repetition within the slot. Each repetition is associated with one TCI, one RV and one DMRS port whilst repetitions use common MCS. 

	ZTE
	Support TDM repetition where two TCI states within single slot or across multiple slots, with non-overlapped time resource allocation.
· The repeated TBs are scheduled by a single PDCCH.
· One new aggregation factor K2 should be introduced to semi-statically configure the number of PDSCH in time domain within one slot. 
· Denote the current slot aggregation factor pdsch-AggregationFactor as K1, the total number of repetitions in the time domain should be K=K1*K2 

	Ericsson
	Support scheme 1, 2, 3, and 4 in Rel.16 (FDM, TDM, and SDM)

	Samsung
	Study SDM and slot-aggregation based TDM for URLLC use cases on the following issues:
· Whether/how to inform the UE of dynamic ON/OFF of SDM based repetition
· How to indicate TCI states for slot-aggregation based repetition
· Restrictions on MCS and RV for slot-aggregation based repetition

	LG
	At least TDM based scheme should be supported for one panel UE in FR 2 and at least one of FDM/SDM based scheme should be supported for latency reduction. Also, several schemes can be applied simultaneously.

	Lenovo
	For FR1 and FR2, support transmitting TB repetitions over K different slots. 
o FFS: the value Nt2

	Nokia
	We see that this is similar to Scheme 3, but latency is in the higher side as TB repetitions happen across slots. 

	Qualcomm
	Study and specify multi-TRP transmission across multiple TCI states / beams in different slots / mini-slots.

	Intel
	Note that there could be certain scenarios where this comparison is not applicable for example in FR2 with single antenna panel UE, in which case some TDM options for repetition may be applicable (FDM and SFN options are not applicable here).

	NEC 
	Scheme 4 TDM among slots: Basically, the spatial diversity from different TRPs can be exploited by the scheme. Moreover, different RVs and MCSs can be assigned to the PDSCH from different TRPs, which can further improve the reliability. The support of time diversity can be better than TDM within a slot. But it may increase the latency, since it requires multi-slot operation.

	NTT DOCOMO, INC
	Support at least scheme 3 and/or scheme 4 of agreements in RAN1 AH 1901 with one DCI scheduling a transport block from multiple TRPs with multiple TCI states
· A UE is configured with one or multiple sequences of QCL assumptions/TCI states for PDSCH repetitions.

	Vivo
	Scheme 2 and scheme 4 should be supported with further enhancement on mini-slot repetitions.

	
	



· PDCCH repetition

	Company
	Comments

	Huawei, Hisilicon
	Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
•	PDCCH repetition using multiple TRPs over the same and different times can be considered.  
•	PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.

	ZTE
	Support PDCCH repetition. A UE can be informed that which two PDCCH candidates from two CORESETs are repeated. 

	Ericsson
	The UE can be configured with a search space repetition set across N>1 CORESETs where the same search space is repeated in each CORESET. For a given PDCCH candidate, with a given DCI size, in one search space/CORESET there is a corresponding candidate in each search space in the repetition set of N. All corresponding candidates have the same DCI size and aggregation level.

	Samsung
	Support beam sweeping for PDCCH without dynamic signalling.

	Intel
	We do not observe performance benefit from multi-TRP FDM with soft-combining schemes of PDCCH transmission compared to SFN method that can be supported with Rel-15.

	NTT DOCOMO, INC
	Support either of the following:
 PDCCH repetition over multiple CORESETs with soft-combining of PDCCH candidates, or;
  Search space set is associated to multiple CORESETs, in which case each PDCCH candidate is composed of CCEs over multiple CORESETs.

	OPPO
	Simultaneous DL transmission from at most 2 TRPs is supported for diversity transmission of PDCCH.
Support diversity transmission of DCIs scheduling the same PDSCH via multiple CORESETs.

	CATT
	Consider repetition transmission of PDCCH. The baseline scheme should be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.

	Panasonic
	For URLLC in Rel. 16 NR eMIMO with multi-TRP, repetition of multiple PDCCH transmission from different TRPs should be supported. For example:
· PDCCH1 which is scheduling PDSCH1 (from TRP1) is transmitted from both TRP1 and TRP2
· PDCCH2 which is scheduling PDSCH1(from TRP2) is transmitted from both TRP2 and TRP1

	CAICT
	For PDCCH repetition with multiple TRPs, introducing downlink TRP ID indicator in RRC signalling could be considered.

	
	



· PUCCH repetition
	Company
	Comments

	CATT
	Support PUCCH repetition with spatial relation switching. 

	VIVO
	UL UE panel-specific operation should also satisfy URLLC requirement under ideal and non-ideal backhaul scenarios.
For URLLC scenarios, support simultaneous transmission of OFDM based PUCCH + PUSCH if they are fully overlapped in time domain.

	NTT DOCOMO, INC
	Support Spatialrelationinfo/precoder-cycling across repetitions for PUCCH repetition.
· FFS flexible indication of Spatialrelationinfo/precoder-cycling across repetitions for PUCCH repetition
Conclude to support PUCCH repetition within a slot.

	CAICT
	For PUCCH repetition with multiple TRPs, introducing uplink TRP ID indicator either in downlink control information or MAC CE activation signalling could be considered.

	Qualcomm 
	Study and specify PUCCH repetition / resource selection across multiple beams for enhanced reliability and robustness.

	Panasonic
	PUCCH repetition with multiple TRPs should be supported in Rel. 16 for URLLC



· PUSCH repetition
	Company
	Comments

	Huawei, Hisilicon
	Rel-16 supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders.

	CATT
	Support PUSCH repetition over multiple TRPs in different slots with RRC indicated SRI and RV pattern.

	Lenovo, Motorola Mobility
	Support repetition of non-slot based PDSCH/PUSCH with multi-TRP transmission.
Adopt a DCI format which can support both non-coherent joint transmission and multi-TRP based PDSCH/PUSCH repetition. 

	OPPO
	Multiple-TRP based diversity transmission for PUSCH can be considered later based on the outcome of PDSCH repetition and NR URLLC discussion.

	VIVO
	UL UE panel-specific operation should also satisfy URLLC requirement under ideal and non-ideal backhaul scenarios.
For URLLC scenarios, support simultaneous transmission of OFDM based PUCCH + PUSCH if they are fully overlapped in time domain.

	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Nokia, Nokia Shanghai Bell
	Support configuring UE with multiple CG PUSCH resources, each associated with a TX and RX beam pair in UL. 
Study a low overhead mechanism for the TX beam selection for multi-TRP CG PUSCH including potentially, e.g. UE’s autonomous selection and an indication of the UL TX beam for the coming CG PUSCH transmission(s). 
For TB repetition in PUSCH with multiple TRPs, further study on the coordination required between TRPs (for example indicating successful reception of the TB to other TRPs) to avoid unnecessary resource allocation in UL and also to support early termination.  
For PUSCH TB repetition with multiple TRPs, a TRP waits certain time period in order receive an indication of successful reception from other nodes, i.e., coordination time interval, before sending UL grant for retransmissions. 
· Coordination time interval can be related to backhaul latency, supported service latency, and other parameters. 

	Sharp
	Support PUSCH repetition for URLLC reliability/robustness enhancement with multiple TRPs
· Study multi SRI support for reliability/robustness enhancement for uplink; and
· Outcome of study for PUSCH repetition should be reflected to gNB multi-TRP based PUSCH repetition.

	NTT DOCOMO, INC
	Support precoder/SRI-cycling across repetitions for PUSCH repetition for both dynamic grant and configured grant
· A UE is configured with one ore multiple sequences of precoders/SRIs for PUSCH repetitions
Support RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} for PUSCH repetition for dynamic grant
· For dynamic grant, one of the RV sequences and starting RV value should be indicatable by the scheduling DCI
Support DCI indication of a sequence of precoders/SRIs for PUSCH repetitions
· FFS whether the RV sequence and precoders/SRIs are jointly indicated by one field or separately indicated by different fields in the scheduling DCI
Support mini-slot PUSCH repetition as a function of multi-TRP enhancement for URLLC
· Time-domain resource allocation for the first repetition is the re-use of Rel.15 SLIV.
· Time-domain resource allocation for the remaining repetitions are following.
· Back-to-back unless UL/DL direction conflict or cross slot boundary occurs.
· If UL/DL direction conflict or cross slot boundary occurs, consider to drop the concerned repetition as the baseline
· Postpone can be further considered case by case.
Number of repetitions for a mini-slot repetition is indicated by the scheduling DCI. 

	Qualcomm
	For high reliability use case, support PUSCH transmission over multiple panels/beams. 

	Panasonic
	PUSCH repetition from multiple TRPs should be supported in Rel. 16 for URLLC
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