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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.
In RAN1#94bis, the following agreement on multi-TRP transmission was achieved [1].
Agreement:
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:
· Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
· Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
· Alt2: Support both multiple PDCCH and single PDCCH design
· FFS: PDCCH design for URLLC
Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind detection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.
In this document, we summarize companies’ technical preferences/positions in RAN1 95 with regarding to this objective based on RAN1 94bis progress. We also provide recommendations of offline/online discussion. All Rel15 agreements related to Multi-TRP/panel transmission are also summarized in Appendix for reference. 
· Section 2: The section can be considered as a starting point for online/offline discussion in RAN1 95. We will confirm the down-selection online whilst offline discussion will focus on further technical details to be studied and then specified for each Alt. 
· Section 3 (for information): high level plan for incoming meeting RAN1 95 and also Adhoc. 
· Section 4 (for information): Summary of technical proposals based on RAN1 95 tdoc submission
2. Proposals of Online/Offline Discussion
2.1.  Alterative Downselection (To be discussed online)
With regarding to the agreement in RAN1 94bis, the summary of companies’ positions are given below, at least for eMBB. The difference among companies is mainly about whether Rel-16 Multi-TRP/panel objective shall prioritize specific solution in Alt 0/1 or both solutions in Alt 2 are necessary/beneficial. 
· Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
· Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
· Alt2: Support both multiple PDCCH and single PDCCH design

So far we have
· # of supporting companies for  Alt0: 3
· # of supporting companies for Alt1: 7
· # of supporting companies for Alt2: 16

Proposal 1:  Support both multiple PDCCH and single PDCCH design in Rel-16, at least for eMBB, where 
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP and multiple NR-PDSCHs can be overlapped



	Company
	Comments

	Huawei
	Alt 1 or Alt 2

	ZTE
	Alt 2

	vivo
	Alt 1

	MediaTek
	Alt 0  

	Intel
	Alt 2: We think that this decision has no implicit assumptions on enhancements related to CW/TB to layer mapping – we would like to note that this decision has no bearing on such enhancements (not only related to Alt 2 but for all cases). In general we have similar opinion as QC in terms of defining the terms further. Since this decision also applies to URLLC (?) there is a case where PDCCH is repeated from multiple TRPs – does this fall into single or multi-DCI ?  

	LGE
	Alt 0 or Alt 2

	CATT
	Alt 2
Clarifications similar to the following agreements in RAN1 #89 are needed to specify both single and multiple-PDCCH based transmissions:
Agreements in RAN1 #89:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately

	NEC
	Alt 2

	Sony
	Alt 1

	Lenovo
	Alt 2

	Oppo
	Alt 1

	ATT
	Alt 2
We prefer the both the UE and the gNB should support both multiple PDCCH and single PDCCH. To address the Samsung’s concerns, we prefer all NC-JT capable UEs should support multiple PDCCH, where each PDCCH is corresponding to one PDSCH.

	CMCC
	Alt 2

	Apple
	Alt 1

	Samsung
	Alt 1
We still believe support of multiple PDCCH has the majority view. 
One suggestion to go with Alt 2 is to clarify the following conditions:
· All NC-JT capable UE should support multiple PDCCH based multi-TRP/-panel transmission/reception
· Some of NC-JT capable UE may support single PDCCH based multi-TRP
Otherwise, gNB will be forced to implement both alternatives, while UEs may have a chance to choose a preferred one.

	Spreadtrum
	Alt 2

	China Telecom
	Alt 2

	Panasonic
	Alt 2

	InterDigital
	Alt 2

	Ericsson
	Alt 1

	CHTTL
	Alt 2

	NTT DOCOMO
	Alt 0 or Alt 2

	Qualcomm
	Alt 2

For the clarity of the proposal, we also suggest adding a note to clarify the definition of “multiple PDCCH” and “single PDCCH” for M-TRP. Specifically, the following scenario, which is essentially non-coordinated point selection with non-ideal backhaul where in each slot each TRP use a single PDCCH to schedule a PDSCH, should be considered as “single PDCCH” or “multiple PDCCH”? 

PS: The HARQ-ACK for the two PDSCH overlaps in the same UL slot. How to handle parallel HARQ-ACK transmission is an open question in this case.
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	Nokia
	Alt 2

	Ericsson
	In response to Qualcomm’s comment on clarification:

In our understanding, in this non-ideal backhaul case, the schedulers for the two TRPs are likely to be non-coordinated, e.g. NR-NR DC implementation of multi-TRP.  In some slots, the UE may receive PDCCH from both TRPs while in some other slots, the UE may receive PDCCH from only one of the TRPs.  Hence, the scenario shown in Qualcomm’s response must be considered as multiple-PDCCH.


	
	


Given above review which has suggested clearly the majority of interests of supporting multi-PDCCH based design, for offline discussion we may start from general categorization/clarification of technical components, which may be studied and concluded in next meeting(s) if possible.

2.2.  Multiple-PDCCH based multi-TRP/Panel DL transmission
Here is the text proposal for offline discussion, based on our review, to represent major interests of proponents.  Further details can check Section 4 for related summary of proposals based on tdoc submission. 
[Draft] Offline Proposal 2 (FFS):  For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be considered for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction, e.g. the number of TRPs/panels used for simultaneous PDSCH transmission, PDSCH layers/CW per TRP, PDSCH overlapping at T/F domains，PDSCH mapping type, time domain restriction, PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. CORESET/search space/BD configurations and numbers of configurations, monitored DCI formats 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. joint/separated A/N payload for PDSCH transmitted by different TRP
· #5:  HARQ enhancement, e.g. whether/how to increase the maximal number of HARQ processes
· Other enhancements are not excluded.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline:  

	Company
	Comments

	QC
	On the first bullet, synchronization aspects need to be added. The assumptions on FTL/TTL operation at the UE side depends on how well two TRPs are synchronized. For the UE to be able to operate in the multi-TRP mode, the requirements for time/frequency synchronization should be clarified. This is applicable to both proposal 2 and proposal 3. Please note that backhaul latency assumptions is different from the synchronization assumptions   
Therefore, we propose to add the following for both proposal 2 and proposal 3:
Time/frequency synchronization assumptions between TRPs should be clarified for multi-TRP operation
On UL control enhancement, one important aspect that is missing in the proposal is how to handle overlapped HARQ-ACK and PUSCH transmission from the same UE but to different TRPs. Should UE multiplexing HARQ-ACK on PUSCH although they are targeting different TPR or should UE transmit them simultaneously without multiplexing them? QC view is that, with non-ideal backhaul, HARQ-ACK should be transmitted in parallel with PUSCH without multiplexing on PUSCH. With ideal backhaul, it is OK to multiplex HARQ-ACK on PUSCH. But anyway, regardless which solution RAN1 takes, this open issue needs to be discussed/concluded to complete the UL design for M-TRP. 
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Therefore, we propose to add the following under UL control enhancement:
#6: study how to handle overlapped (in time domain) intra-UE HARQ-ACK and PUSCH transmissions to different TRPs
Under UL control enhancements, the transmission of CSI report could face similar issues as HARQ-A feedback in the case of non-ideal BH.
Therefore, we propose to add the following under UL control enhancement:
#7 CSI enhancements, e.g. processing/reporting/multiplexing aspects

	Panasonic
	We agree with this proposal, but with following modification. In our view, there is no need for any enhancements related to UL ACK/NACK (#4) feedback for multiple PDCCH multi-TRP for eMBB. This enhancement should be considered only for URLLC.

	Samsung
	Regarding Panasonic’s comments, we disagree to remove issue #4 (UL ACK/NACK  feedback). We need to discuss which one will be the baseline among joint/separated A/N reporting at least.

	LGE
	In case of partially overlapped PDSCHs, interference characteristic is different for overlapped RBs and for non-overlapped RBs. As a result, it has a potential impact on PDSCH RE mapping, and optimal MCS/ rank for overlapped RBs and that for non-overlapped RBs can be different. Detail explanation can be found in [6]. So, we propose to add the following:
· #1-1: potential impacts of partially overlapped PDSCHs, e.g. separate MCS/rank determination for overlapped RBs and for non-overlapped RBs, and PDSCH RE mapping.
Several companies consider hierarchical two level DCI in which two DCI have an inter-dependency. So, we propose to add the following in multiple PDCCH enhancements bullet point:
· #4: Hierarchical two level DCI in which two DCIs have an inter-dependency.
We propose to add CSI enhancement under UCI enhancement bullet point.
If each TRP has its own scheduler and coordinates with another TRP for NCJT it causes RAN3 impact. We propose to add the following bullet.
· Potential RAN3 impact on inter-TRP coordination, e.g., coordination on PDCCH/PDSCH time/frequency location, MCS coordination, rank coordination, etc.


	CATT
	Regarding issue#1: we suggest that no more than 2 PDSCHs can be transmitted simultaneously. Meanwhile, no restriction on resource allocation should be introduced for multi-PDCCH based transmission. In addition, we don’t see the need for using different scrambling for different PDSCHs.
Regarding issue#2: the detection complexity of multiple PDCCHs should be comparable to the case with 2CCs.

	Intel
	On proposal-1#2, we think RAN1 should discuss how to scale the CORESET/BD/CCE limitation to multi-DCI reception (we don’t think a linear scaling is automatically agreeable). So we would like to add “scaling of CORESET/BD/CCE limitation for multi-TRP reception”. For proposal -1#3 we propose to add CSI processing/timing as well. We would also like to note that a single FFT window implementation in the downlink Rx chain is assumed as a baseline UE implementation similar to LTE – this aspect was discussed in detail in R1-1810790.

	OPPO
	For #2, we agree with Intel that CORESET/BD/CCE detection limitation is important and it is not expected that the complexity is linearly increased by the number of detected PDCCH.

	Ericsson
	We are fine to list some high level aspects to be studied further until next meeting.  We have some suggestions/questions that need to be clarified:
· In the first point, does ‘the number of TRPs/panels used for simultaneous PDSCH transmission’ mean ‘the maximum number of PDCCH the UE is expected to receive in a slot per CC’?  would be good to clarify.
· Regarding ‘PDSCH layers/CW per TRP’, in our understanding in the multiple PDCCH case, each TRP  will transmit independent codewords.  So perhaps, CW could be removed?
· In the multi-PDCCH case, PDSCH resource allocation will be done by different TRPs with independent schedulers.  Hence, we could full/partially/non-overlapped PRBs.  Introducing restrictions in the non-ideal back haul case would probably mean introducing semi-static resource partitioning which may hurt system performance.
· What is meant by ‘time domain restriction’?


	ZTE
	For multiple-PDCCH design, we think it is very important to clarify whether those multiple PDCCHs are configured in the same BWP or not. If NR-NR DC or CA framework is used, that means multiple PDCCHs from different TRP are configured in independent CCs, it may not have RAN1 spec impact. Otherwise, multiple sets of PDCCH-Config, PDSCH-Config should be introduced in one BWP. Those two schemes are totally different. 

	AT&T
	· As suggested by E//, we too expect the UE will be scheduled by two independent schedulers, we don’t prefer restrictions on time/frequency resources. However, we prefer a DMRS port sharing on semi-static basis might be useful for better channel estimation.
· For HARQ-ACK transmissions, we prefer independent PUCCH transmissions. However even with single PDCCH transmission, we prefer
Multiple PUCCH transmission is useful in some cases for better reliability.
· Regarding the scrambling id, we don’t see any benefit of using different scrambling ids between the two TRPs
 
 

	Nokia
	[Draft] Offline Proposal 2 (FFS):  For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be considered for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction, e.g. the number of TRPs/panels used for simultaneous PDSCH transmission, PDSCH layers/CW per TRP, PDSCH overlapping at T/F domains，PDSCH mapping type, time domain restriction, PDSCH scrambling, TRP indication in PDCCH
· #2: Configurations and monitoring of multiple PDCCH, e.g. CORESET/search space/BD configurations and numbers of configurations, monitored DCI formats 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· #4: UL ACK/NACK feedback for multiple TRP/panels, e.g. joint/separated A/N payload for PDSCH transmitted by different TRP
· #5:  HARQ enhancement, e.g. whether/how to increase the maximal number of HARQ processes
· Other enhancements are not excluded.



2.3.  Single-PDCCH based multi-TRP/Panel DL transmission
Here is the text proposal for offline discussion, based on our review, to represent major interests of proponents.  Further details can check Section 4 for related summary of proposals based on tdoc submission.   

[Draft] Offline Proposal 3 (FFS):  For single PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be considered for eMBB
· Enhancement/Restrictions of DCI fields 
· #1:  # of TRPs and associated TCI state indication mechanism, e.g. extending Rel-15 TCI framework, default spatial QCL
· #2:  DMRS port group indication
· #3:  PTRS port indication 
· Codeword-layer mapping enhancement 
· #4: Details of mapping scheme, e.g. fixed/flexible codeword-to-layer mapping, mapping schemes <=4 layers or <=8 layers
· #5:  Indication of mapping and associated DMRS ports/MCS 
· Other enhancements are not excluded.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline:  
	Company
	Comments

	QC
	QC’s view is that CW-Layer mapping is out of scope of the WID. Furthermore, given that the majority view is to support Alt2, there is no need for further specification work in the case of single PDCCH with regard to CW-Layer mapping, as it can be done with the 2 PDCCH design. 
Therefore, QC’s view is that #4 and #5 should be removed from the list. 
CSI enhancement is also an important aspect. Unless the group concludes that no CSI enhancements are required, it should be added to the list, especially given that many companies propose CSI enhancements (e.g. to support dynamic switching between single-TRP and multi-TRP).
Therefore, we propose to add CSI enhancements to the list including processing/reporting/multiplexing aspects

	DCM
	For CW mapping, if Alt 2 is agreed, CW mapping can be still discussed for single PDCCH.
Agree with QC, CSI enhancement should be added to the list.
Rate matching indication can be also added to the list

	Panasonic
	Support

	LGE
	For CW mapping, if Alt 2 is agreed, CW mapping can be still discussed for single PDCCH. We propose to add CSI enhancement.

	CATT
	As most of companies show their preference to Alt. 2, if the system performance can benefit from enhanced CW mapping for single-PDCCH based transmission, we should consider to introduce more flexible mapping mechanisms. 
For CSI enhancement, we also think it’s essential at least to NC-JT transmission with single PDCCH. Therefore, we suggest to include CSI enhancement as one of issues to be discussed for single PDCCH case as well.

	Intel
	We have a similar opinion as QC. We think #4 and #5 needs further discussion. 

	OPPO
	For #1-3, we don’t think it is needed to limit the enhancement only to “DCI field”. Other signaling (e.g. RRC/MAC signaling) can be considered instead or used together with DCI. Hence it is more flexible to use “Enhancement/Restrictions of DL signaling”

	Ericsson
	Regarding ‘Enhancement/Restrictions of DCI fields’, we do not think the number of TRPs need to be indicated in DCI.  Hence, we suggest to revise the first subbullet as ‘indication of TCI states associated with different DMRS port groups’.  Also, our preference is to reuse the DCI fields and formats from Rel-15 as much as possible.  So ‘reusing DCI fields/formats from Rel-15’ should be the starting point of discussions.
We also agree with Qualcomm’s second comment regarding CSI enhancements.  We support to add ‘CSI enhancements including processing/reporting/multiplexing aspects’.


	ZTE
	Support. 

	AT&T
	We support all the proposals 

	Nokia
	CW mapping can be still discussed for single PDCCH


2.4.  Reliability/Robustness enhancement with Multi-TRP/multi-Panel for PDSCH transmission

Here is the text proposal for offline discussion, based on our review, to represent major interests of proponents.  Further details can check Section 4 for related summary of proposals based on tdoc submission.  

[Draft]  Offline Proposal 4 (FFS):  For URLLC reliability enhancement with multi-TRP, at least for the case of ideal backhaul
· Support repetition/diversity based PDSCH reception in Rel-16 by which the same TB is transmitted repeatedly from joint spatial and/or time domain(s)
· #1:  the number of TRPs
· #2: same/different PRB allocation/CW/modulation order/RV/TCI across TRPs and/or multiple slots
· #3 : Configuration/indication of repetition patterns for the same TB
· Other enhancements are not excluded.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline:  
	Company
	Comments

	QC
	In the main bullet, the part “repeatedly from joint spatial and/or time domain(s)” seems to be unnecessary / restrictive. For example, TB repetition is only one way to achieve diversity. Another way, for example, could be one longer transmission (PDSCH/PUSCH) in which different layers/RBs/symbols are transmitted from different TRPs.
Therefore, we propose to remove “repeatedly from joint spatial and/or time domain(s)” from the main bullet.
On #2, we think multiple mini-slots should also be added to the end of sentence given that URLLC use case is an important part of the WID.
Therefore, we propose to include multiple mini-slots to #2
PDCCH / PUSCH / PUCCH enhancements for reliability should be added as many companies including QC are proposing these aspects for URLLC. Achieving the URLLC requirements requires enhancements to all the channel, and not only PDSCH. As clarified in the WID, URLLC enhancements related to multi-TRP techniques are included in this WI.
Therefore, we propose to explicitly include the enhancements for PDCCH, PUCCH, and PUSCH reliability/diversity with multi-TRP/panel transmission

	DCM
	For #2, as TCI states probably cannot be same for different repetitions corresponding to different TRPs. We can separately say FFS how different TCI states for different repetitions corresponding to different TRPs are signaled and utilized. For others, we can say FFS whether CW mapping, PRB allocation, or MCS/RV is same or different across repetitions and further FFS on signaling and UE procedure if they can be different
For #3, not quite sure about the meaning of “pattern”. Does it mean the details of e.g. CW mapping/PRB allocation etc.?
Agree with QC, PDCCH, PUCCH, PUSCH should be added

	Panasonic
	We agree with QC that the URLLC requirements require enhancements for all channels including PDCCH, PUSCH and PUCCH, and not only PDSCH.

	Samsung
	We think PDCCH/PUSCH/PUCCH  also need to be included in the scope.

	LGE
	In #2, we propose to add “DMRS port” since same TB can be transmitted with same or different DMRS port from different TRP.
We also think that the enhancements for PDCCH, PUCCH, and PUSCH reliability/diversity with multi-TRP/panel transmission need to be included.

	CATT
	To avoid inter-TRP interference for NC-JT based transmission and improve reliability, non-overlapped resources can be allocated for TRPs transmitting redundant data. In such sense, repetition applies to frequency domain too.
Therefore, we prefer to revise the main bullet in the following manner:
Support repetition/diversity based PDSCH reception in Rel-16 by which the same TB is transmitted repeatedly from joint spatial and/or frequency and/or time domain(s)

	OPPO
	Agree that the enhancement should not be restricted to PDSCH.

	Ericsson
	We think aspects 1-3 listed above should involve evaluations to determine the number of TRPs, etc.  So we propose the add the following to the top bullet after the sentence ending with ‘time domain(s)’:
‘the following aspects are to be determined via evaluations

We agree with Qualcomm’s first comment to remove ‘repeatedly from spatial and/or time domain(s)’ for now.  Since it is the 2nd meeting, it is better to leave different ways to achieve diversity on the table (including the example given in Qualcomm’s response).

Also, we agree with Qualcomm’s third comment.  It would be good to study reliability on other channels in addition to PDSCH.  So we propose to study reliability/diversity enhancements for PDCCH, PUCCH, and PUSCH.


	ZTE
	We prefer to include some sub-bullets under proposal 3:
   Study how to indicate whether the two TBs are repeated or not, e.g. dynamic or semi-statical indication

	AT&T
	We agree with Qualcomm’s views

	Nokia
	Both PDCCH and PUSCH reliability enhancements should be considered.




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.  

Generally speaking, we may focus on DL control signaling design for DL multi-TRP/panel transmission for eMBB/URLLC, then for UL multi-TRP/panel reception for eMBB/URLLC. UL control signaling and/or CSI feedback related to DL control signaling can be discussed at the same time as a part of system design, if it is related to DL control signaling. Specific enhancement shall be justified by technical justification and/or evaluations as much as possible.  
RAN1 95: 
· Downselection for Alt 0/1/2 for eMBB
· Clarify/summarize technical proposals of Alt 0/1/2 based on tdoc submission 
· At least for DL 
· If there is majority view, confirm high level design principle for eMBB/URLLC
· If need, send a LS to RAN2 to inform RAN1 progress 
Adhoc meeting (if TU allocation for Rel-16 MIMO is available)
· Agree with/confirm some design details of RAN1 95 summary, if there is majority view
· Finalize the rest of high level design principle/categorization for eMBB/URLLC as much as possible 
· e.g. for UL PUSCH/PUCCH and CSI enhancement
· e.g. any other design aspects to be considered/studied
· If need, send a LS to RAN2 to inform RAN1 progress 

	RAN1 95
	· Downselection for Alt 0/1/2 for eMBB
· Clarify/summarize technical proposals of Alt 0/1/2 based on tdoc submission 
· At least for DL 
· If there is majority view, confirm high level design principle for eMBB/URLLC
· If need, send a LS to RAN2 to inform RAN1 progress 

	RAN1 Ad-hoc 
	· Agree with/confirm some design details of RAN1 95 summary, if there is majority view
· Finalize the rest of high level design principle/categorization for eMBB/URLLC as much as possible 
· e.g. for UL PUSCH/PUCCH and CSI enhancement
· e.g. any other design aspects to be considered/studied
· If need, send a LS to RAN2 to inform RAN1 progress 

	RAN1 96
	Continue the discussion of DL control design, roughly 60% completion for DL/UL transmission

	RAN1 96bis
	Strive for finalize DL Control design, at least be relatively stable in Rel16, roughly 90% completion of DL/UL transmission

	RAN1 97
	· Contingency for DL control design 
· Kick off the study phase of UL control signalling and/or RS to improve DL/UL transmission. 
· Note that if UL control/CSI enhancement has been agreed in principle before, related specification design may start accordingly from RAN1 97

	RAN198
	Finalize the study phase at least, by concluding remaining details to be specified in Rel16 for UL control signalling/RS

	RAN1 98bis
	Strive to finalize details of specification of  UL control signalling/RS

	RAN1 99
	Contingency for remaining issues of Rel16 for multi-TRP/panel, UE capability and some loose ends of specification






4. Summary of Technical Proposals:
The section is to summarize companies’ positions/proposals for this 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 high level categorization. Text proposals can be further updated by companies.  
Category 1: Multiple-PDCCH based multi-TRP/Panel DL transmission 
· Multiple PDCCH detection at the UE side
·  [2]
· Multiple PDCCH-config 
· [5]
· Monitor more CORESETs within a slot
· Study the worst-case and the typical UE PDCCH monitoring complexity.
· [10]
· CORESET and PDCCH search spaces configurations for multiple PDCCH.
· [14]
· For two-stage/two DCI, fixed time/frequency relationship between two DCIs, and/or independent CORESET configuration
· [12]
· Reducing the number of DCI formats for monitoring; Limiting the possible aggregation levels from a TRP
· RRC to indicate to the UE about the maximum number of PDSCH and PDCCHs
· [22]
· Studying CORESET configuration and UE PDCCH detection
· [18] 
· Not support always and only transmit respective PDCCH from each TRP
· Influencing the number of blind decodings and CORESETs
· [13]
· Increasing UE complexity and FFS whether to define new UE capability. 
· [19]
· The effective size of the search space may increase
· [16]
· Several methods have been investigated to reduce PDCCH detection complexity:(prefer Alt3)
· Alt1: Restrict the number of PDCCH /aggregation level/available DCI format
· Alt2: Implicit indicate the relationship between two PDCCHs
· Alt3: 2-level DCI 
· [23]
Total number of blind decodes / CCEs should not be increased
· [24]
· A separate CORESET can be configured for the NR-PDCCH from each TRP.
· [17]
· Multi-DCI design and multi-DCI detection should be considered
· [1]
· Introducing multiple “PDCCH-config”
· Considered that whether additional CORESET, search space set and PDCCH blind detection are needed
· Enhancement/Restrictions of DCI fields and/or formats
· [4]
· Two PDSCHs scheduled by two PDCCHs are with identical BWP.
· [11]
· At most 2 PDSCHs/2 CWs /2 PDCCHs can be simultaneously transmitted per CC.
· [14]
· DCI content can be optimized/compressed by exploiting the common scheduling content for two PDSCHs
· For two-stage/two DCI design, introduce assistance field in one DCI to aid the decoding of the other DCI
· [15]
· Two-level DCIs,  CA-like approach
· [12]
· Reuse the same contents as that of Release 15
· Optimize the second or supplementary DCI with multiple DCI transmission
· [21]
· Limit #of codeword per PDCCH
· [23]
· Not expected to receive data from two TRPs in partially overlapping resources
· Enhanced DL PI indication
· [24]
· Different CWs are transmitted by different TRPs. 
· At most two codewords are used
· [7]
· PDCCH configuration based on CA framework without two- level DCI structure
· [1]
· Independent multi-DCI
· Independent resource allocation for PDSCH(no restriction on PRB allocations at each TRP)
· UL transmission related to DL control  
· [5] 
· A high-level approach (e.g. UCI TDM-ed for different cells) is needed
· Rules/restrictions for DMRS configuration, PDSCH mapping types and time domain allocation 
· [7]
· Support different PUCCH transmission targeted to different TRP
· [11]
· A/N and HARQ enhancement for multiple non-coherent PDSCH transmission.
· Beam management  for A/N or CSI targeting different TRPs/panels
· [12]
· Individual PUCCH for reporting HARQ-ACK CSI and SR
· [21]
· Multiple HARQ-ACK PUCCH with overlapping time & frequency resources
· [22]
· UCI to be reported to one TRP/panel or to corresponding TRP/panel
· [18]
· Every PDSCH that is transmitted from each TRP, a corresponding PUCCH should be transmitted back from the UE to respective TRPs
· [13]
· Uplink power control and time adjustment should be considered
· [16]
· Maximum number of 32 HARQ processes.
· [8]
· Multiple TA should be supported for uplink transmission based on multi-TRP
· [23]
· Joint/separate HARQ-ACK payload
· PHY-layer TRP differentiation at least for separating HARQ-ACK payload.
· 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
· [24]
· The ACK/NACK for each received codeword is sent to the TRP that transmitted the scheduling NR-PDCCH
· Higher layer configuration to a single TRP for the case of ideal backhaul.
· [17]
· For multiple PDCCH, HARQ process should be considered
· [1]
· Multiple PUCCH approach for ACK/NACK and CSI feedback
· HARQ process enhancement
· Other enhancements are not excluded for this category
· [2]
· Multiple PDSCH-config 
· Multi-level DCI with some dependency between different levels
· [3]
· The active TCI state pool could be defined per CORESET.
· [5]
· Processing time requirements may be studied
· Collision handling between DMRS of one TRP and reference/synchronization signals of another TRP 
· [10]
· UE capability of whether a UE can receive from two different TRPs/panels/beams concurrently
· Release 15 PDCCH, PUCCH and PDSCH design should be the baseline for multi-PDCCH multi-TRP transmission design.
· The benefit and trade off need to be considered before defining the single PDCCH, multiple PDSCHs transmission scheme
· [11]
· Enhancement on RS multiplexing scheme for DL and potentially UL
· [14]
· Allow UE to request activation and deactivation of NCJT
· Allow NW to activate and deactivate NCJT, independently for each BWP
· PDCCH design to support dynamic TRP pointing
· Introduce measurement report to support adaptive NCJT operation
· [12]
· Not expect any changes related to data scrambling for PDCCH and DMRS for PDCCH
· Co-ordination between the TRPs is not needed for scrambling id initialization 
· [21]
·  Semi-static scheduling information exchange, e.g. rank and DMRS port
· [17]
· Methods to minimize the impact on RAN2 specification
· [20]
· Solution with no RAN2 impact except RRC parameters and UE capabilities
· Protocol modifications on MAC, RLC, PDCP are not considered in this WI 
· [23]
· Not exceed the UE capability with respect to total number of layers supported by the UE
· UE is not expected to receive transmission from more than one TRP if time and frequency between the TRPs are not tightly-synchronized.
· [24]
· Total number of layers does not exceed the UE capability.
· Scrambling parameters used by different TRPs should be different
· See the possibility of adopting Rel-15 agreements for multi-TRP/panel transmission, as that gives head starts for Rel-16 multi-TRP/panel discussions
· [22]
· Prioritize ideal back haul, and suggest non-ideal backhaul be discussed in RAN2/3
· [8]
· Support dynamic switching between single-TRP and multi-TRP scheduling
· [9]
· Support UE side antenna panel mechanism during the antenna switching to increase normal TX/RX opportunity
· [1]
· Introducing different scrambling sequences for PDSCHs from different TRPs

Category 2: Single-PDCCH based multi-TRP/Panel DL transmission
· Enhancement/Restrictions of DCI fields and/or formats
· TCI state/QCL enhancement for PDCCH and/or PDSCH
· [2]
· One TCI state indicates more than one QCL RS sets/DMRS groups
· [4]
· the single PDCCH scheduling two codewords from two TRP is monitored on a single CORESET with one TRP, and a single QCL assumption is assumed for that PDCCH
· Extend QCL indication to include multiple RS sets, study and down-select from the following alternatives: 1) extend TCI state configuration to accommodate multiple RS sets, 2) combine multiple TCI states and map them to a single DCI code point, 3) extend corresponding DCI bit field to include multiple TCI states.
· [5]
· Further discussed on how to derive the default spatial QCL assumption for PDSCH if the scheduling offset is smaller than certain threshold
· TCI signalling should be enhanced to include different QCL information for different DM-RS antenna port groups.
· [10]
· Extend DCI 1_1 for scheduling single PDSCH from multiple TRPs/panels
· [14]
· Introduce independent beam configurations (TCI or SRI) for both UL&DL
· [21]
· TCI state definition is extended to refer to one or two RS sets. Each RS set indicates a QCL relationship for a DMRS group.
· [22]
·  study the indication of QCL for multiple PDSCHs by single DCI
· [18]
· TCI (QCL assumptions) should be considered and specified
· [13]
· Specify separate QCL information for the separate layers of single PDSCH transmitted from separate TRPs 
· [16]
· Extending R15 TCI state to support multiple groups of RS ports associated with a single TCI state.
· [23]
· Support extended QCL indication of DMRS for PDSCH via DL signalling, where TCI can refer to two RS sets indicating QCL relationship for two DMRS port groups
· [24]
· Multiple TCI states may be configured for a given total number of DMRS ports, where each TCI states indicates the QCLed ports at each of the two TRPs
· [11]
· Study signaling for multiple DMRS port groups, e.g. TCI state indication
· [1]
· Multiple TCI states per scheduled PDSCH

· RS signaling enhancement, e.g. DMRS port/DMRS port group/PTRS: 
· [2]
· A new DMRS port indication table should be introduced.
· The number of DMRS groups is the same as the number of QCL RS sets which is indicated by TCI, the number of transmitted PTRS ports should be finally indicated by TCI
· [5]
· DMRS signalling should be capable of handling both single DCI multi-TRP operation as well as multiple-DCI multi-TRP operation. DMRS port groups should be defined for multi-TRP operation
· More than 1 PT-RS ports should be supported.
· Identify the association between a PT-RS port to a DMRS port group.
· ZP-PTRS should be supported.
· [7]
· Support dynamic grouping of DMRS ports in Rel-16.
· The DMRS ports within a CDM group in the same DMRS group
· DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed.
· [8]
· DMRS ports within the same CDM group should also be QCLed.
· [11]
· Study signaling for multiple DMRS port groups, e.g. DMRS grouping and associated PTRS configuration
· Configuration of multiple(two) DL DMRS port groups & DL PTRS ports
· Enhancement on RS multiplexing scheme for DL and potentially UL
· [15]
· Rel-15 RS and QCL framework fits well with multi-DCI based NC-JT
· [12]
· Additional PT-RS signal is recommended with multiple panel transmission
· [21]
· Enhanced to indicate DMRS port and rate matching information 
· [22]
· Study the indication of DMRS indication for multiple PDSCHs
· [18]
· Signalling enhancements related to DMRS port indication
· [13]
· More flexible DMRS ports indication needs to be supported
· [23]
· Study the need for any additional enhancements needed for efficient antenna ports indication and corresponding QCL indication of DMRS/PTRS ports for multi-TRP transmission
· [1]
· DMRS port indication enhancement

· Resource allocation signaling: 
· [4]
· Only one field for resource allocation. Layers transmitted from TRPs are with identical resource allocation. 
· A UE expects that all PDSCH layers are transmitted within identical BWP
· [22]
· Study the indication of Resource allocation for multiple PDSCHs
· [24]
· Resources used for transmission in a single BWP from the two TRPs are completely overlapping

· Enhancement of CW-Layer mapping across TRPs/panel 
· [2]
· More flexible CW mapping 
· [6]
· 2 CWs for 3 and 4 layers and DMRS port reordering for 2 CWs
· [7]
· 2-codeword transmission for rank 2-4, at least for multiple DMRS port groups
· flexible codeword-to-layer mapping (additional correspondence)
· [8]
· Enhancement on CW to layer mapping should be considered
· [10]
· New CW layer mapping schemes are required
· [11]
· If time allowed, study enhancement on CW to layer mapping
· [14]
· Reusing the existing DCI framework by allowing layers to TRP mapping or CW to TRP mapping
· [21]
· Codeword to layer mapping relationship can be reconsidered 
· [22]
· Study codeword to layer mapping for multiple PDSCHs by single DCI
· [13]
· Support two CW and more flexible CW-to-layer mapping
· [16]
· Enhancement on CW to layer mapping when the number of layers is no more than 4 at least.
· [24]
· In single PDCCH multi-TRP scenario, the following three cases shall be supported for PDSCH transmissions. 
· Different TRPs repeat the same codeword.  
· Different TRPs transmit different layers of a codeword. 
· Different TRPs transmit different codewords.
· 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.
· [1]
· Mapping Two CWs to two or more layers of PDSCH

· Other enhancements are not excluded for this category:
· [13]
· R15 procedure of blind detection could be reused. 
· [21]
· RRC to configure DCI field to indicate single or multiple TRP transmission
· DCI format should be enhanced to indicate rate matching information
· [22]
· Study rate matching information for multiple PDSCHs by single DCI
· [23]
· Enable fast DL resource selection between multiple TCI states.
· [24]
· Study the benefit of supporting NR-PDSCH transmission from two TRPs that are separate from the TRP transmitting NR-PDCCH
· [1]
· Rate matching indication

Category 3: CSI Measurement and Reporting enhancement for Multi-TRP/panel 
· Companies are encouraged to clarify assumptions of CSI enhancements related to UE complexity, backhaul condition and network coordination.
· [2]
· For one CSI-RS resource which is used for CSI based on type II port selection codebook or non-PMI feedback, support more than one QCL RS sets contained in the configured TCI for the CSI-RS resource.
· [3]
· CSI feedback/beam report framework and CSI-RS configuration for multi-TRP/panel should be further enhanced to facilitate simultaneous reception of transmission from multiple-TRPs.
· [5]
· A UE equipped with multiple panels can often receive the same Tx-beam on both panels with reasonable power. This information can be beneficial to the NW and can be considered for L1-RSRP feedback (not applicable for FR1)
· CSI feedback of multiple ranks, PMIs and potentially multiple CQIs can be studied for improving gains due to NC-JT transmission
· [6]
· To harvest potential CoMP performance improvement, CSI enhancement reflecting inter-TP interference should be supported
· [7]
· To support NC-JT with single PDSCH, at least the following CSI feedback quantities can be considered:
· PMI/RI for each TRP/panel
· CQI for each codeword
· If new codeword mapping rule is to be introduced in Rel-16, it should be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting quantities at UE side.
· [8]
· 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
· [10]
· The CSI feedback for single PDSCH single PDSCH transmission scheme is FFS.
· [11]
· The following study aspects can be considered as potential enhancements on uplink control signalling to support non-coherent joint transmission:
· CSI feedback enhancement to support non-coherent JT
· [15]
· 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.
· [12]
· With multiple DCIs configured, UE should recommend the layer mapping within each codeword as part of CSI feedback.
· By configuring CSI-RS from different panels for UE to measure, CW-layer mapping recommendation indicate UE’s preference on single or multiple panel transmission as well the rank from each panel
· [21]
· Multiple QCL in CSI-RS resource
· [22]
· Multi-beam based L1 measurement/reporting,  multiple measurement hypothesis
· [23]
· The design of the CSI feedback for multi-TRP should take the following into account:
· Flexibility for choosing between one or more multi-TRP transmission schemes and single-TRP transmission.
· Joint CSI reporting vs. separate CSI reporting to each TRP.
· UE complexity for CSI processing and feedback.
· Backhaul condition and network coordination.

Category 4: Reliability/Robustness enhancement with Multi-TRP/multi-Panel for PDCCH/PDSCH transmission 
· PDSCH enhancement: 
· [2]
· Support repetition of TBs and the repeated TBs can be scheduled by a single PDCCH
· Dynamic switching between repetition and non-repetition
· Support multiple QCL assumptions from different TRPs in multiple slot
· [6]
· Slot aggregation for the same PDSCH transmitted in both single DCI and multiple DCI based CoMP
· [7]
· Support PDSCH repetition in multi-slot scheduling with TRP switching.  
· Support one transport block over multiple TRPs with non-overlapped resources
· [11]
· Support transmission of the same PDSCH from multiple TRPs/panels based on non-coherent JT scheme with minimal specification effort.
· [25]
· RAN1 should specify repetition transmission across multi-TRPs for enhancing reliability of PDSCH, especially for FR2
· [28]
· Multi PDCCH based multi-TRP transmission (multiple PDCCH, multiple PDSCH) provides robustness to PDSCH for URLLC in FR2.
· [22]
· Support precoder/QCL-cycling across repetitions for PDSCH repetition
· QCL-cycling is realized by configuring a sequence of RS indexes, TCI-states, or QCL-references.
· For flexible repetition operation, support also RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
· QCL-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI
· [23]
· Support multi-TRP scheme in which the same TB is transmitted from two TRPs across disjoint sets of RBs.
· Study the benefit of supporting multi-TRP transmission with different modulation orders for transmission of the same TB by different TRPs.
· Study and specify multi-TRP transmission across multiple TCI states for data channels for increased reliability and robustness.
· [24]
· In multiple PDCCH based multi-TRP scenario, support same CW transmitted by different TRPs.  
· Transmission of PDSCH from multiple TRPs can be used to enhance reliability and robustness.
· [19]
· RAN1 considers further studies on the application of network coding for high reliable transmission.
· [1]
· Diversity based multi-TRP/panel transmission for PDSCH, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains. The following aspects should be considered applicable to PDSCH
· Indication of the information associated with multiple TRPs, e.g. Multiple QCLs, RV version, DMRS port(s) and other parameters relevant to multiple TRPs, e.g. MCS, sequence initialization are not precluded
· Indication of the information using dynamic signaling and/or semi-static signaling and/or standard specification
· Indication of different schemes(e.g. multiplex or diversity) and corresponding UE behavior (other relevant aspects are not precluded)
· PDCCH enhancement:
· [2]
· Support PDCCH reliability enhancement.
· [5]
· In order to increase PDCCH reception reliability (by potentially combining received PDCCH across multiple transmissions) consider solutions in the light of multi-TRP transmission in this WI
· [7]
· Support PDCCH repetition crossing multiple TRPs by taking into account detection complexity reduction.
· [11]
· Support transmission of the same PDCCH from multiple TRPs/panels based on non-coherent JT scheme with minimal specification effort.
· [25]
· RAN1 should specify repetition transmission across multi-TRPs for enhancing reliability of PDCCH, especially for FR2
· [15]
· Support beam sweeping for PDCCH without dynamic signalling
· [28]
· Multi PDCCH based multi-TRP transmission (multiple PDCCH, multiple PDSCH) provides robustness to PDCCH for URLLC in FR2.
· [22]
· Support precoder/QCL-cycling across repetitions combined with PDCCH repetition
· [23]
· Support single DCI transmission over multiple TRPs.
· [24]
· Transmission of PDCCH from multiple TRPs.
· [1]
· Diversity based multi-TRP/panel transmission for \/PDCCH s, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains. The following aspects should be considered applicable to PDCCH
· Indication of the information associated with multiple TRPs, e.g. Multiple QCLs, RV version, DMRS port(s) and other parameters relevant to multiple TRPs, e.g. MCS, sequence initialization are not precluded
· Indication of the information using dynamic signaling and/or semi-static signaling and/or standard specification
· Indication of different schemes(e.g. multiplex or diversity) and corresponding UE behavior (other relevant aspects are not precluded)
·  Other enhancements are not excluded for this category:
· [12]
· RAN1 should study efficient mechanism to indicate URLLC traffic to the UE for better reception
· [28]
· Multi PDCCH based multi-TRP transmission (multiple PDCCH, multiple PDSCH) is also beneficial for improving reliability and robustness for URLLC in FR1, where reliability is important than spectral efficiency and has benefit of a common design with FR2. 
· [3]
· The target scenarios of Rel-16 NR MIMO multi-TRP solution include the following:
· Ideal back-haul targeting throughput enhancement
· Ideal back-haul targeting robustness, satisfying URLLC requirement
· Non-ideal back-haul targeting throughput enhancement
· Non-ideal back-haul targeting robustness, satisfying URLLC requirement
· For non-ideal back delay with 2ms, URLLC services with delay requirement smaller than or equal to 2ms should also be satisfied.

Category 5:  gNB multi-TRP/panel based PUCCH/PUSCH reception, assuming UL UE panel-independent operation
· PUSCH enhancement:
· [14]
· Introduce TCI in UL DCI to configure UL beam for UEs with beam correspondence
· Introduce independent beam configurations (TCI or SRI) for both UL and DL for each PUSCH and PDSCH in order to support NCJT
· [30]
· More than one SRS resource sets can be configured for UE with multiple panels for codebook based UL transmission, and two separated SRI field should be included in the UL grant.
· Two codeword based codeword-to-layer mapping schemes based UL transmission should be introduced to support UL multi-panel transmission.
· Two separated TPMI should be contained in the UL grant to schedule a two CW based PUSCH transmission.
· [24]
· The maximum number of PUSCHs is to 2
· To support uplink multi-panel NC-JT, both single-TA based transmission scheme and multi-TA based transmission scheme should be considered according to the user capability

· PUCCH enhancement: 
· [3]
· Simultaneous UL transmission of PUCCH, PUSCH, SRS or even PRACH should be studied for the multi-TRP/panel transmission.
· [23]
· 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.

· Other enhancements are not excluded for this category
· [20]
· It is not clear if multi-TRP aspects should be taken into account in the multi-beam specification work in Release-16
· [27]
· Panel specific power control should be supported in Rel-16
· Both ideal backhaul and non-ideal backhaul should be considered for multi-TRP power control in Rel-16.
· Simultaneous transmission of UL channels/signals should be considered for power control in Rel-16
· [3]
· Simultaneous UL transmission should cover both FR1 and FR2.  
· The following fields for UL transmission could be defined per CORESET:
· SRS resource indicator
· SRS request
· PUCCH resource indicator.  
· To facilitate PDCP duplication in UL, it is necessary to differentiate TRPs at PHY or MAC layer.

Category 6:  Reliability/Robustness enhancement with gNB Multi-TRP/panel based PUCCH/PUSCH reception, assuming UL UE panel-independent operation
· Reliability/Robustness enhancement with gNB Multi-TRP/panel based PUSCH reception
· [22]
· Support precoder/SRI-cycling across repetitions for PUSCH repetition.
· For flexible repetition operation of dynamic grant, support also RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
· FFS: Precoder/SRI-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.
· Support precoder/SRI-cycling across repetitions for configured grant PUSCH repetition.
· FFS: Precoder/SRI-cycling pattern and RV sequence are configured by higher-layer or indicated by the DCI.
· [23]
· Support PUSCH transmission over multiple panels/beams.
· [25]
· RAN1 should specify repetition transmission across multi-TRPs for enhancing reliability of PUSCH, especially for FR2
· [7]
· Support PUSCH repetition to multiple TRPs in different slots.
· Further study the SRI indication for PUSCH repetition.

· Reliability/Robustness enhancement with gNB Multi-TRP/panel based PUCCH reception
· [22]
· Support Spatialrelationinfo-cycling across repetitions for PUCCH repetition.
· FFS flexible indication of Spatialrelationinfo-cycling across repetitions for PUCCH repetition
· [23]
· Study and specify PUCCH repetition / resource selection across multiple beams for enhanced reliability and robustness. 
· [25]
· RAN1 should specify repetition transmission across multi-TRPs for enhancing reliability of PUCCH, especially for FR2
· [7]
· Support PUCCH repetition with spatial relation switching.
· [18]
· For URLLC transmission, PUCCH enhancements should be considered


· Other enhancements are not excluded for this category
· [3]
· UL UE panel-specific operation should also satisfy URLLC requirement under ideal and non-ideal backhaul scenarios. 
· [29]
· Simultaneous transmission of multiple PUSCH
· Power control related issues
· Association of PDCP duplicated packets to different TRPs
· Send LS to RAN2 to notice them of the intention of PDCP duplication on different TRPs and the possible differentiation of TRPs with CORESET ID.
· Discussion of simultaneous UL transmission should at least cover the following cases:
· PUCCH + PUCCH at both FR2 and FR1
· PUCCH + PUSCH at both FR2 and FR1
· PUSCH + PUSCH at both FR2 and FR1.


References

7.2.8.2	Enhancements on Multi-TRP/Panel Transmission
[1]	R1-1812243	Enhancements on multi-TRP/panel transmission	Huawei, HiSilicon
[2]	R1-1812256	Enhancements on Multi-TRP/Panel Transmission	ZTE
[3]	R1-1812323	Discussion on enhancements on multi-TRP/panel transmission	vivo
[4]	R1-1812349	Enhancements on multi-TRP/Panel transmission	MediaTek Inc.
[5]	R1-1812509	Discussion on multi-TRP/multi-panel transmission	Intel Corporation
[6]	R1-1812581	Enhancements on multi-TRP/panel transmission	LG Electronics
[7]	R1-1812635	Multi-TRP/panel transmission enhancement for Rel-16	CATT
[8]	R1-1812656	Discussion on multi-TRP transmission	NEC
[9]	R1-1812747	Considerations on Multi-TRP Panel and Transmission	Sony
[10]	R1-1812784	Discussion of multi-TRP/panel transmission	Lenovo, Motorola Mobility
[11]	R1-1812807	Enhancements on multi-TRP and multi-panel transmission	OPPO
[12]	R1-1812850	Overview of Multi-TRP/Panel Enhancements	AT&T
[13]	R1-1812887	Discussion on DL multi-TRP transmission	CMCC
[14]	R1-1812920	Considerations on PDCCH design for NCJT design	Apple Inc.
[15]	R1-1813003	Enhancements on multi-TRP/panel transmission	Samsung
[16]	R1-1813066	Discussion on Multi-TRP transmission	Spreadtrum Communications
[17]	R1-1813093	Discussion on Multi-TRP/Panel Transmission	China Telecommunications
[18]	R1-1813135	On multi-TRP enhancements for NR MIMO in Rel. 16	Panasonic
[19]	R1-1813239	Aspects of Multi-TRP Transmission 	InterDigital, Inc.
[20]	R1-1813271	On multi-TRP and multi-panel	Ericsson
[21]	R1-1813278	Discussion on Multi-TRP transmission	CHTTL
[22]	R1-1813333	Enhancements on multi-TRP/panel transmission	NTT DOCOMO, INC.
[23]	R1-1813442	Multi-TRP Enhancements	Qualcomm Incorporated
[24]	R1-1813489	Enhancements on Multi-TRP/Panel Transmission	Nokia, Nokia Shanghai Bell
[25]	R1-1813510	Discussion on multi-TRP/panel transmission	KDDI Corporation

7.2.8.6 Others
[26]	R1-1812261	Evaluation assumptions on multi-TRP/Panel for URLLC	ZTE
[27]	R1-1812262	Discussion on UL power control for multi-panel operation	ZTE
[28]	R1-1812327	Consideration on multi-TRP transmission for URLLC	vivo
[29]	R1-1812328	Discussion on UL non-coherent transmission for URLLC	vivo
[30] 	R1-1812783	Discussion on UL multi-panel transmission	Lenovo, Motorola Mobility
[31]	R1-1813268	Detailed performance analysis of NC-JT in Dense Urban scenario	Ericsson
[32]	R1-1813269	Performance of NC-JT at 30 GHz	Ericsson
[33]	R1-1813610	A comparison between NC-JT with coordinated vs. independent scheduling in Indoor scenario			Ericsson
[34]	R1-1813612	Intra-site vs. inter-site clustering for NC-JT and DPS in Dense Urban scenario	Ericsson
[35]	R1-1813613	A comparison between NC-JT with coordinated vs. independent scheduling in Dense Urban scenario		Ericsson
[36] 	R1-1813696	Single PDCCH based multi-TRP/panel transmission	Huawei, HiSilicon
[37] 	R1-1813697	Evaluation results for multi-TRP/panel transmission with eMBB	Huawei, HiSilicon
[38] 	R1-1813698	Evaluation results for multi-TRP/panel transmission with higher reliability/robustness	Huawei, HiSilicon

Appendix – Agreements of R15 related to multi-TRP transmission
· For coordination schemes
Agreements in RAN1 #87:
· NR supports both semi-static and dynamic network coordination schemes
· Study interference measurement details
· Including aspects related to measurement sets 
· The network coordination schemes should consider at least the following schemes:
· DPS/DPB
· CS/CB 
· Non-coherent JT
· Coherent JT
· eICIC
· Whether each scheme requires specification support or not is FFS
Agreements in RAN1 #87:
· In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered. 
· E.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.
Agreements in RAN1 #87:
· NR should consider advanced receiver at the UE, by studying:
· Joint reception of multiple data streams from one or more TRPs/panels
· Interference cancellation/suppression
· One or more data stream(s)
· Reference signal(s)
· Potential notification the UE of the information related to interfering signals, e.g., MCS, CSI-RS ports, DM-RS pattern and transport block size, # of layers, MIMO mode, etc.
· Potential blind detection of information regarding interference
· Potential joint channel estimation and reception of data
· Potentially different numerologies (e.g., tone spacing, etc.)
Agreements in RAN1 #87:
· Study network side calibration to assist cross-TRP and cross-panel operation, e.g.:
· Necessity of same-panel calibration and specification impact, if any
· Potential UE-aided calibration: transmit/receive calibration signaling between gNB and UE(s)
· E.g., UE-aided calibration may use feedback from UE to gNB 
· Other methods to assist cross-TRP and cross-panel operation are not precluded
Agreements in NR Adhoc#1:
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:
· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)
· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.
· Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded
Agreements in RAN1 #88bis:
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 
Agreements in RAN1 #89:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
· For PDCCH
Agreements in RAN1#89:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
Agreements in RAN1#90:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session
· For PDSCH
Agreements in NR Adhoc#2:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS in case of two or more bandwidth parts for the component carrier
· FFS the max number of corresponding NR-PDCCHs
Agreements in NR Adhoc#2:
· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation
· Include in the LS the following content 
· RAN1 agreement from RAN1#89
· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation
· RAN1 thinks that the above agreement may have impact on RAN2 specification
· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic
LS draft and endorsed in R1-1711820. Final LS agreed in R1-1712000

· For DMRS
Agreements in NR Adhoc#2:
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
· FFS whether or not to have UE assisted management
Agreements in RAN1 #89:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed
Agreements in RAN1#90:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
· For PTRS
Agreement in RAN1#91:
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present
· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following
· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreement in RAN1 #91:
· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift} and FFS: spatial QCL parameters
· CSI
Agreements in RAN1 #87:
· Aim for a common framework for CSI measurement and reporting for different types of coordinated transmission schemes
· Study whether or not to have the assumption/indication of interference hypothesis
· For R15 agreements related to multi-TRP transmission
· [image: ]
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