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1.   Introduction
[bookmark: _Hlk492027000]The Rel-16 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #81, the objective was updated to read as follows [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 previous RAN1 meetings, several agreements were made mainly on multiple PDCCH based M-TRP transmission, single PDCCH based M-TRP transmission, and URLLC related enhancements of M-TRP transmission. Given that RAN1 #99 is the last meeting for the Rel-16 discussions, we highlight the most crucial aspect to the finalization of the Rel-16 specs, and also provide some areas that further work need in Rel-17. 
2.    Single PDCCH design
In previous RAN1 meetings, the following agreements and conclusion were made, 
[bookmark: _Hlk4592376]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 DM-RS type 1 
· FFS design for DM-RS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]When 2 TCI states are indicated by a TCI code point, at least for DM-RS type 1 and type 2 for eMBB, if indicated DM-RS ports are from two CDM groups, 
· the first TCI state is applied to the first indicated CDM group
· the second TCI state is applied to the second indicated CDM group 
FFS: the definition of the first or second indicated CDM group
FFS: Whether above applies for only Rel-15 DM-RS or for both Rel-15 and Rel-16 DM-RS

In next sub-sections, we discuss the remaining items of single PDCCH based multi-TRP operation. 

2.1	On the default QCL assumption for multi-TRP operation 
During RAN1 #98bis, one remaining discussion point was listed in the feature lead summary as below. 
[Draft Offline proposal 24] For single-DCI based Multi-TRP/panel transmission with at least one of configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD', 
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following: 
· Option 1: the TCI state(s) are associated to the lowest codepoint among TCI codepoint(s) containing the Rel-15 default TCI-state
· Option 2: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to the second 2nd TCI state from the lowest TCI codepoint containing 2 TCI states 
· Option 3: the 1st TCI state is associated to the lowest CORESET ID as Rel-15and the 2nd TCI state is associated to the lowest TCI codepoint applicable to the PDSCH reception
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDCCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following: 
· Option 4: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to additionally activated TCI state for that CORESET wherein only quasi co-location information from the first TCI state is assumed for PDCCH reception in a respective CORESET. 
· Option 5: When 2 TCI states are indicated by a TCI code point, the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold TimeDurationForQCL.
FFS study whether/how default assumptions should be enhanced for FR1.

The above is related to how to determine the default QCL assumption when two TCI states are indicated when the scheduling offset is less than timeDurationForQCL. Even in single TRP operation, the threshold is defined for FR2 operation because UE doesn’t know the scheduled TCI states before decoding of DCI information. After DCI decoding, the UE can perform additional procedures such as MIMO, channel decoding, and others. Since UE doesn’t know which TCI state to be applied, the reception of PDSCH symbols should be received based on default QCL assumption. Similarly, in single PDCCH based M-TRP transmission, the UE may be configured with one or two TCI states, which UE doesn’t know before DCI decoding. However, it would be difficult to predict the number of TCI states and have default QCL assumption in this case. Also, we think that single DCI based M-TRP scheme for eMBB is not a critical issue and we can simply select the option 5 to complete the work, which is “When 2 TCI states are indicated by a TCI code point, the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL”. 
Proposal 1: For single PDCCH based multi-TRP transmission, when 2 TCI states are indicated by a TCI code point, the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
In addition, there was a question of how to handle when two TCI states are indicated, but single DM-RS CDM group is scheduled. We don’t need to develop such “error handling”, and in that case, this may come from detection error for PDCCH. So, the UE should reject the DCI, by the implementation, and not receiving PDSCH. 

2.2	DM-RS port mapping 
In RAN1 #98bis, RAN1 made good progress on the DM-RS port mapping, with only a few remaining FFS points. 
Agreement
When 2 TCI states are indicated by a TCI code point, at least for DM-RS type 1 and type 2 for eMBB, if indicated DM-RS ports are from two CDM groups, 
· the first TCI state is applied to the first indicated CDM group
· the second TCI state is applied to the second indicated CDM group 
FFS: the definition of the first or second indicated CDM group
FFS: Whether above applies for only Rel-15 DM-RS or for both Rel-15 and Rel-16 DM-RS

On the use of both Rel-15 and Rel-16 DM-RS, we don’t see any reason to limit the new DM-RS port mapping only for Rel-16 DM-RS. Thus, we propose to apply new DMRS port mapping to both Rel-15 and Rel-16 DM-RS.
Proposal 2: For single PDCCH based multi-TRP transmission, the new DM-RS port mapping shall be applied to both Rel-15 and Rel-16 DM-RS.

Next, on the issue of differentiating single PDCCH based M-TRP for eMBB and Scheme 1a, it is hard to see any requirement of differentiating them. Thus, it is proposed that the specification perspective, single PDCCH based eMBB and URLLC scheme 1a can be the same.   
Finally, to complete this DM-RS port indication, based on previous agreements and investigations, we provide updated DM-RS port indication tables listed in Annex. A. In the proposed tables, when any of scheme 2a/2b/3/4 are configured to be supported to the UE, the existing entries with single CDM group in the DM-RS table can be used and the indication of the number of TCI states with two (or three CDM groups) mentioned in Annex A are valid only for single PDCCH based eMBB or Scheme 1a.
Proposal 3: For single PDCCH based multi-TRP transmission, adopt the DMRS port indication table in Annex A. 
· Note: When Scheme 2a/2b/3/4 are configured to be supported to the UE, the existing entries with a single CDM group in the DMRS table can be used. 

2.3	CSI Framework 
The following section further discusses required updates in CSI framework to enable single M-TRP operation is more efficient/beneficial. However, we understand that Rel-16 may not have enough time to handle all these aspects. Having said that, we discuss two points that are important in the CSI framework of the single PDCCH based multi-TRP operation. 
The first point is on how to generate the CSI feedback, and there can be two alternatives; independent feedback per TRP vs combined feedback. Independent feedback from each TRP is one of a natural extension of Rel-15 CSI framework. However, there are ambiguities when the reported CSI generates conflict between TRPs or UE capability. For example, if UE reports different CQI for each TRP, the network may suffer from the scheduling decision due to ambiguity for combined CQI. Also, if the total number of RIs exceeds UE’s capability, even network can limit the total rank, the reported CQI should also be corrected because CQI is derived with respect to given RI. Also, the feedback gives no information about the selection of cooperating TRPs without additional L1-RSRP reports. When combined CSI feedback is indicating CSI with the multi-TRP operation, but, single TRP operation is determined by gNB, the reported CSI is not applicable for the transmission. To overcome the limitation, we propose a hybrid scheme. In the hybrid scheme, UE is configured with CSI-RS resource set with CSI-RS resources for multiple TCI states activated, and UE reports CSI with the CRI for best single TRP operation as defined in Rel-15. In addition to this, UE also reports additional information when assuming multi-TRP operation. The second report can be transmitted in the same UCI or the different UCI. The additional information can include the following.
· Additional TCI states (CRI)
· Delta RSRP between two CRIs (Can be replaced by BM procedure)
· RI for the second TRP assuming multi-TRP operation or RI combination (1+1, 1+2 , …)
· CQI for multi-TRP operation: exact or delta from reported single TRP CQI
· PMI for the second TRP (e.g. port selection)
If UE is received a MAC-CE which includes the TCI codepoints only with single TCI state, the single TRP-based feedback is included in UCI. If at least one TCI codepoints include two TCI states in the MAC-CE, UE shall include additional CSI information. 
Observation 1: For single PDCCH based multi-TRP transmission, a hybrid CSI feedback scheme, where both independent CSI feedback (assuming single TRP operation) and additional CSI feedback (assuming multi-TRP operation) can be a good compromise for overhead and performance. 
The second point on CSI framework in the single PDCCH design is how to configure CSI-RS resource and CSI report. In Rel-15, each CSI report configuration can be associated with a CSI resource configuration for channel measurement, and the CSI resource setting contains a configuration of a list of one or more CSI resource sets. However, if the resource type is periodic or semi-persistent, only one CSI-resource set can be configured for a UE. For multi-TRP operation, the UE should be capable of reporting CSI per TRP and needs further study on ways of supporting that.
When independent CSI report per TRP is assumed, there are two options for CSI-RS configuration. One option is to extend the number of periodic/semi-persistent CSI-RS resource set to be more than one. Alternatively, UE can be configured with a number of aperiodic CSI-RS resource set for each TRP. The UE can be configured with a periodic CSI report for the TRP receiving the PDCCH, and for the other TRPs, UE can be configured with aperiodic CSI report. 
When combined CSI report is supported, UE can be configured with one CSI report, while the CSI report includes a CSI-RS resource set with multiple TCI states activated or multiple CSI-RS resource sets comprising the combination of TCI states in MAC-CE. 
Because the configuration of CSI-RS resource set and CSI report are performed by RRC signaling, once they are configured, UE shall receive or feedback regardless of MAC-CE activation. In addition, UE shall monitor all TRSs correspond to the TCI states. To minimize the overhead and complexity to receive or to report not activated TCI states by MAC-CE but configured, it is beneficial to support a method to turn on/off the related CSI process whenever MAC-CE updates activated TCI states. MAC-CE can include an indication of turning-off any report related to the deactivated TCI states. Also, MAC-CE can include an indication of gNB’s not transmitting TRS when the deactivated TCI states is using the TRS as QCL reference.   

Observation 2: For single PDCCH based multi-TRP transmission, the following methods are useful for reducing overhead/complexity about CSI measurement and report 
· Indication of turning-off CSI reporting for deactivated TCI states by MAC-CE
· Indication of gNB’s not transmitting TRS referred in the deactivated TCI state by MAC-CE 

3.   Multiple PDCCH design 
We formulate several sections based on the topics discussed in past meetings and only focus on the remaining details, which are essential to complete the feature. 
3.1	PDSCH scheduling restriction/indication
In the RAN1 #96 meeting, the following agreement was made for PDSCH scheduling restriction and indication.
[bookmark: _Hlk2931253]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, support following restrictions: 
· 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 DM-RS configuration with respect to actual number of front loaded DM-RS symbol(s), the actual number of additional DM-RS, the actual DM-RS symbol location and DM-RS 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 index with DM-RS 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 number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.


In this agreement, we have FFS items on “FFS item to discuss PDSCH mapping type” and “FFS item is having alignment on PRG-grid alignment”. However, we do not see that M-DCI M-TRP feature is broken without these and shall not be discussed further (i.e. not supported) in Rel-16. 
In the agreement above, it is mentioned that “How to ensure the same active BWP between multiple TRPs”. In NR, configurations pdcch-Config and pdsch-Config are carried within the BWP-DownlinkDedicated, and it was also agreed that multiple TRPs are to be differentiated based on the CORESETs indicated in pdcch-Config. Different BWPs could have different pdcch-Config where CORESETs associated with TRPs could be different in each BWP. It is important to make sure that UE and TRPs operate in the same BWP, and there are no conflicting configurations. 
If one TRP wishes to switch the BWP, it should be coordinated with the other TRP such that they align on BWP and respective configurations that UE use after the switch. Even though some companies discuss the behaviour of dynamic BWP switching, we have some concerns on believing the benefits of dynamic BWP change in M-TRP mode. M-TRP is mostly useful in low RA situations, and dynamic variation of BWPs are not required at the TRP side or the UE side. The UE behaviour on BWP switch over DCI may be something that we need to conclude soon. A simple solution could be that UE assumes that BWP switch can only be triggered via DCIs in specific CORESETs, which could be implicitly a CORESET group which associated to a given TRP (primary TRP which coordinates such a switch with other TRPs). Also, the UE neglects any other BWP switching command coming from other TRPs.  
Proposal 4: For BWP switching in M-DCI based M-TRP transmission, UE shall only follow BWP switching command in a DCI transmitted in a CORESETs associated with CORESETPoolIndex = 0.
In the email discussions of 38.2xx CRs for eMIMO, some companies were in a view that there is no differentiation available for the M-DCI based M-TRP operation. RAN1 agreement on this was already explicit that having multiple values for CORESETPoolIndex in any BWP of a serving cell already used everywhere as the differentiation technique for M-DCI based M-TRP. Also, codeword scrambling, PDSCH rate matching, and many other aspects work for M-DCI based M-TRP only when this parameter is configured. RAN1 also concluded that a new RRC parameter is not required to differentiate M-DCI based M-TRP transmission. Therefore, repeating the same discussion on other ways of differentiation at this stage does not make any sense given that there is an already well-defined method. 
Proposal 5: Additional mechanism to indicating/configuring “M-DCI based M-TRP transmission” is not required on top of the existing mechanisms of supporting M-DCI based M-TRP transmission. 
· Note: It is already well understood that M-DCI based M-TRP transmission is supported to a UE if it is configured with a PDCCH-config that has ControlResourceSets indicating different values of CORESETPoolIndex.

3.2	Rate matching 
For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, the following agreements were reached in the earlier RAN1 meetings, 
[bookmark: _Hlk16511145]Agreement
For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support following enhancements: 
· For LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell
· FFS: Whether/how they apply to one or multiple CRS patterns per PDSCH
· FFS: Whether/how it is applied to single DCI based NCJT

Agreement
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· This is a UE optional feature with separate UE capability signaling
· If UE does not support this feature, the default UE behaviour is the following:
· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs
FFS: Whether/How to handle DMRS shifting if CRS patterns are configured.

In the email discussion of spec finalization, it is understood that values of higher layer parameter CRSPatternList-CORESETPoolIndex shall be further agreed in RAN1 #99. This is something that should be discussed together with the higher layer parameter lte-CRS-PatternList-r16. On the higher layer parameter lte-CRS-PatternList-r16, it has been agreed that sequence (1:6) can be assigned as the values when the maximum of six LTE-CRS patterns are indicated. RAN1/RAN2 shall further agree on indicating mechanism in CRSPatternList-CORESETPoolIndex when the related LTE-CRS patterns are to be applied separately per each TRP. 
A simple solution would be to enable each pattern indicated in lte-CRS-PatternList-r16 for a given CORESETPoolIndex. For example, having a BIT STRING (SIZE(2*MaxCRSPatterns)) can be a simple solution, where MaxCRSPatterns can be the maximum LTE-CRS patterns that are indicated in lte-CRS-PatternList-r16. If this is assumed, the first MaxCRSPatterns bits enable patterns for CORESETPoolIndex = 0 and the second MaxCRSPatterns bits enable patterns for CORESETPoolIndex = 1. 
Proposal 6: The values of higher layer parameter CRSPatternList-CORESETPoolIndex may carry a bit string of size 2*Z, where Z is the maximum number of CRS patterns indicated by the higher layer parameter lte-CRS-PatternList-r16. The first Z bits can enable LTE-CRS patterns associated CORESETPoolIndex = 0 and the second Z bits can enable patterns for CORESETPoolIndex = 1. 
On the FFS point “FFS: Whether/How to handle DMRS shifting if CRS patterns are configured”, if there are two different CRS patterns are used for each TRP and the rate matching performed independently, it could lead to different DM-RS shifting for each TRP, which may result in DM-RS locations to be different between TRPs. However, based on the conclusion in RAN1 #98 meeting on Rel-15operation below, the current specification is that DM-RS location shifting is semi-statically performed based on the configured rate matching pattern regardless of rate matching is applied or not. 
Thus, the same principle can be applied, and any of CRS patterns collide with the DM-RS symbol, the UE shall perform DM-RS shifting. 
Conclusion
· In the current RAN1 specification, for the scenario of DM-RS location shifting described in Section 7.4.1.1.2 of TS 38.211, 
· The DMRS locations does not shift dynamically based on whether the subframe is a MBSFN subframe or not 
· If the NR PDSCH DM-RS with l1=11 appears on the same symbol with LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, independent of any PRB-level overlap or not with the scheduled PDSCH, the DM-RS of the PDSCH is expected to be shifted to symbol l1=12.
· Above applies for PDSCH mapping Type-A
 
Proposal 7: For M-DCI based multi-TRP transmission, if any of LTE-CRS patterns indicated in lte-CRS-PatternList-r16 collide with DM-RS transmission location, DM-RS is shifted based on Rel-15 principle.  
For single PDSCH based multi-TRP operation and rate matching over multiple CRS patterns, the only difference is that the things can be bit complicated if separate rate matching is applied per TRP. As different CRS patterns can be non-overlapping, used REs allocated to each TRP becomes different and does not follow Rel-15 physical layer procedures. 
Proposal 8: For the single PDCCH based multi-TRP/panel transmission, support the PDSCH to be rate matched around the union of multiple LTE CRS patterns configured by lte-CRS-PatternList-r16. 

3.3	UL ACK/NACK feedback 
M-DCI M-TRP transmission supports separate ACK/NACK, and there is an FFS item on “whether/how to support the value of K1 with sub-slot level granularity”. Given the remaining time for Rel-16 discussions, we think that this is not required. 

On the joint ack/nack feedback, one main item is to decide on how to count DAI for joint dynamic HARQ-ACK codebook. RAN1 agreed on the following options in RAN1 #98, 

Agreement
For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).

Both alternatives have their benefits and drawbacks. Assuming a single CC scenario, with Alt.2, it is not possible to detect a missing of the last PDCCH of both TRPs. On the other hand, with Alt. 1, it is possible to detect a missing PDCCH from at least from one TRP (if the missing PDCCH of a TRP that comes first in the joint DAI counting). As two bits used for counter DAI, the modulo operation may not result in similar protection of detecting missing PDCCH for two alternatives. Alt.1 is not robust to handle two consecutive PDCCH missing cases for each TRPs. In other words, two continuous loss of PDCCH (from both TRPs) at the UE side can not be detected, whereas Alt.2 provides robustness as DAI counting is done separately and can distinguish burst errors up to 4. 
Therefore, it would be reasonable to assume a compromised solution from both Alt.1 and Alt.2, where one TRP could use separate DAI counting, and the other TRP use joint DAI counting. Also, the TRP that is doing joint DAI counting could be the TRP that has a better channel quality towards the UE, where the missing probability of the last PDCCH can be even reduced.  

Proposal 9: For joint dynamic HARQ-ACK codebook among M-TRP, support one TRP to use independent counting of DAI, and the other TRP to use joint DAI counting across both TRPs.   

RAN1 #98bis agreed on the following on the issue of PUCCH grouping, 

Agreement
For M-DCI NCJT transmission, each PUCCH resource may be associated with a value of higher layer index per CORESET
· FFS: Additional restriction such as TDM PUCCH transmission across different higher layer index per CORESET
· FFS: Details on association

The support of PUCCH resource groups through associating each PUCCH resource with a value of higher layer index per CORESET allows for complete separation of PUCCH resources corresponding to the two TRPs. For example, overlap in time can be completely avoided by TDM of the PUCCH resources associated with the two TRPs. While this prevents any chance of conflict for ACK/NACK indication in case of separate feedback, it reduces flexibility by limiting UCI for each TRP to only certain times and hence may increase latency. Even if TDM of PUCCH resources is allowed to overlap between the two PUCCH resource groups, potential conflicts for separate feedback to the TRPs can be avoided through network implementation.
Proposal 10: TDM of PUCCH resources associated with different higher layer indices per CORESET is not always necessary.
· Note: It has been agreed that the association of PUCCH resource and CORESETPoolIndex can be supported, e.g. CORESETPoolIndex can be included within the PUCCH resource. Details are up to RAN2.   


4. Multi-TRP transmission to support URLLC
In previous RAN1 meetings and the follow-up email discussions, RAN1 had good progress on supported URLLC schemes. Only a few remaining issues are discussed below. 
4.1	FDM/ Scheme 2
There are some FFS items that RAN1 still need to conclude on Scheme 2. 

Agreement
For single-DCI based M-TRP URLLC scheme 2b
· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 
· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)

On the open FFS point, it is possible to follow the RV table used in Rel-15 slot repetition to finalize the RV determination corresponding to the first TCI state and the second TCI state. 
Proposal 11: For scheme 2b, the redundancy version to be applied on the 2nd transmission occasion of the TB, is determined according to the following table. 
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to a transmission occasion

	
	First TCI state
	Second TCI state

	0
	0
	2

	2
	2
	3

	3
	3
	1

	1
	1
	0



4.2	TDM/ Scheme 3 and 4
In RAN1 #98, the following agreement was reached on resource allocation for scheme 3 and 4. 

[bookmark: _GoBack]Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 
· The starting symbol and length of the first transmission occasion is indicated by SLIV. 
· The length of the second transmission occasion is the same with the first transmission occasion.
· Exact candidate value of K can be decided in RAN1#99


To our understanding, K = 0, 1, 2, and 3 provides enough flexibility to the network and the UE to transmit/receive multiple PDSCH transmission occasions in Scheme 3. 

Proposal 12: For single-DCI based M-TRP URLLC scheme 3, the values that can be configured for the K can be 0, 1, 2, and 3 symbols. 
The remaining issue for scheme 3 is the indication of RV for different PDSCH transmission occasions. We think the method used for Scheme 2b can be reused here. 

Proposal 13: For scheme 3, the redundancy version to be applied to the 2nd transmission occasion of the TB, is determined according to the following table. 
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to a transmission occasion

	
	First TCI state
	Second TCI state

	0
	0
	2

	2
	2
	3

	3
	3
	1

	1
	1
	0



In RAN1 #98bis, the following was agreed, 

Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
· FFS: Whether both or one of the options is UE optional or not

First, we consider that “FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold” can be already by the proposal 1. 

On the FFS item, “FFS: Whether both or one of the options is UE optional or not”, it is hard to assume that With Option 1, transmission occasions associated with the two TCI states are interlaced whereas they are contiguous in time with Option 2. It does not make sense at all to use Option 2 as the default behaviour when there is two TCI’s indicated in a DCI and the TDRA indicates only two repetitions. It is reasonable to assume the same assumption is valid for PDSCH transmission occasions larger than 2. 

Proposal 14: For scheme 4, when the higher-layer parameter RepTCIMapping is not configured, Option 1 shall be the default assumption. 
· [bookmark: _Hlk528168953]Note: Option 1 is the only assumption already for the number of repetition equal to 2. 

Another open item that discussed in the CR 38.214 eMIMO was the assumptions for the second TCI state PDSCH transmission occasions when the UE not configured with the higher layer parameter RVSeqOffset. Some companies mentioned that the UE assumes . However, we think that it is not a technically sound solution, for example, that would lead to having RV sequence of 0 0 2 2 in four repetitions, which is not good as the use of 0 2 3 1 across all TRPs (when RV indicated in DCI is 0). 

Proposal 15: When the UE is not configured with the higher layer parameter RVSeqOffset, the UE assumes that the redundancy version for PDSCH transmission occasions associated with the first and second TCI state is derived according to Table 5.1.2.1-2, where  is now counted considering PDSCH transmission occasions associated with both first and second TCI state.

4.3	Separating URLLC schemes
RAN1 #98bis agreed on the following, and the RRC parameter URLLSchemeEnabler was introduced during RRC email discussion. 
Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 
· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 
· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion

[bookmark: _Hlk23778132]As it is already agreed to have an RRC parameter to enable each scheme, it is straightforward to think that one scheme from scheme 2a/2b/3 can be enabled, unless the network do not plan to switch between multiple schemes. Besides, the question is should RRC parameter further enable a combination of schemes. One may think of enabling all combinations of scheme 2a/2b/3 can be supported as RRC signaling on enabling more than one possibility not a problem. If that is supported, URLLSchemeEnabler can enable FDMSchemeA or FDMSchemeB or TDMSchemeA or (FDMSchemeA & FDMSchemeB) or (FDMSchemeA & TDMSchemeA) or (FDMSchemeB & TDMSchemeA) or (FDMSchemeA & FDMSchemeB & TDMSchemeA). However, if all these or some of these combinations are supported, it is required to discuss the details of dynamic switching between each scheme and things get a bit complicated to be handle within Rel-16 timeframe. Also, some of these combinations make no sense, such as FDMSchemeA & FDMSchemeB, which both provide diversity gains on the frequency and have not seen much difference in the performance. Also, if some companies think that it would be useful to handle blocking situations by dynamic switching, we should understand that all these transmissions are based on a single DCI, and it is not robust given that blocking can occur on the TRP sending DCI, and whatever we do on the switching of schemes can not solve the main problem. With that, it is more appropriate to continue the dynamic switching discussion in Rel-17. 
Proposal 16: The higher-layer parameter URLLSchemeEnabler can enable Scheme2a or Scheme2b or Scheme3, and multiple combinations are not supported in Rel-16 (that means no dynamic switching among these schemes are supported in Rel-16). 

5. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss remaining details related to multi-TRP/panel transmission. The following proposals are made.
Proposal 1: For single PDCCH based multi-TRP transmission, when 2 TCI states are indicated by a TCI code point, the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
Proposal 2: For single PDCCH based multi-TRP transmission, the new DM-RS port mapping shall be applied to both Rel-15 and Rel-16 DM-RS.

Proposal 3: For single PDCCH based multi-TRP transmission, adopt the DMRS port indication table in Annex A. 
· Note: When Scheme 2a/2b/3/4 are configured to be supported to the UE, the existing entries with a single CDM group in the DMRS table can be used. 
Proposal 4: For BWP switching in M-DCI based M-TRP transmission, UE shall only follow BWP switching command in a DCI transmitted in a CORESETs associated with CORESETPoolIndex = 0.
Proposal 5: Additional mechanism to indicating/configuring “M-DCI based M-TRP transmission” is not required on top of the existing mechanisms of supporting M-DCI based M-TRP transmission. 
· Note: It is already well understood that M-DCI based M-TRP transmission is supported to a UE if it is configured with a PDCCH-config that has ControlResourceSets indicating different values of CORESETPoolIndex.
Proposal 6: The values of higher layer parameter CRSPatternList-CORESETPoolIndex may carry a bit string of size 2*Z, where Z is the maximum number of CRS patterns indicated by the higher layer parameter lte-CRS-PatternList-r16. The first Z bits can enable LTE-CRS patterns associated CORESETPoolIndex = 0 and the second Z bits can enable patterns for CORESETPoolIndex = 1. 
Proposal 7: For M-DCI based multi-TRP transmission, if any of LTE-CRS patterns indicated in lte-CRS-PatternList-r16 collide with DM-RS transmission location, DM-RS is shifted based on Rel-15 principle.  
Proposal 8: For the single PDCCH based multi-TRP/panel transmission, support the PDSCH to be rate matched around the union of multiple LTE CRS patterns configured by lte-CRS-PatternList-r16. 

Proposal 9: For joint dynamic HARQ-ACK codebook among M-TRP, support one TRP to use independent counting of DAI, and the other TRP to use joint DAI counting across both TRPs. 
  
Proposal 10: TDM of PUCCH resources associated with different higher layer indices per CORESET is not always necessary.
· Note: It has been agreed that the association of PUCCH resource and CORESETPoolIndex can be supported, e.g. CORESETPoolIndex can be included within the PUCCH resource. Details are up to RAN2.   
Proposal 11: For scheme 2b, the redundancy version to be applied on the 2nd transmission occasion of the TB, is determined according to the following table. 
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to a transmission occasion

	
	First TCI state
	Second TCI state

	0
	0
	2

	2
	2
	3

	3
	3
	1

	1
	1
	0



Proposal 12: For single-DCI based M-TRP URLLC scheme 3, the values that can be configured for the K can be 0, 1, 2, and 3 symbols. 
Proposal 13: For scheme 3, the redundancy version to be applied to the 2nd transmission occasion of the TB, is determined according to the following table. 
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to a transmission occasion

	
	First TCI state
	Second TCI state

	0
	0
	2

	2
	2
	3

	3
	3
	1

	1
	1
	0



Proposal 14: For scheme 4, when the higher-layer parameter RepTCIMapping is not configured, Option 1 shall be the default assumption. 
· Note: Option 1 is the only assumption already for the number of repetition equal to 2. 
Proposal 15: When the UE is not configured with the higher layer parameter RVSeqOffset, the UE assumes that the redundancy version for PDSCH transmission occasions associated with the first and second TCI state is derived according to Table 5.1.2.1-2, where  is now counted considering PDSCH transmission occasions associated with both first and second TCI state.
Proposal 16: The higher-layer parameter URLLSchemeEnabler can enable Scheme2a or Scheme2b or Scheme3, and multiple combinations are not supported in Rel-16 (that means no dynamic switching among these schemes are supported in Rel-16). 

We also have following observations. 
Observation 1: For single PDCCH based multi-TRP transmission, a hybrid CSI feedback scheme, where both independent CSI feedback (assuming single TRP operation) and additional CSI feedback (assuming multi-TRP operation) can be a good compromise for overhead and performance. 
Observation 2: For single PDCCH based multi-TRP transmission, the following methods are useful for reducing overhead/complexity about CSI measurement and report 
· Indication of turning-off CSI reporting for deactivated TCI states by MAC-CE
· Indication of gNB’s not transmitting TRS referred in the deactivated TCI state by MAC-CE 
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7. Annex. 
Annex A: Examples of DM-RS port mapping when one/two TCI states are indicated 

Table 7.3.1.2.2-1: Antenna port(s) (1000 + DM-RS port), DM-RS-Type=1, maxLength=1, 
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DM-RS CDM group(s) without data
	DM-RS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12*NOTE2
	2
	0,2,3

	13-15
	Reserved
	Reserved

	NOTE1: When two TCI states to be indicated with two CDM groups, only entries 9-12 can be used, and DM-RS ports in each CDM group are associated with one of the TCI states in order.
NOTE2: Entry 12 is not expected to apply only when a single TCI state is indicated.



Table 7.3.1.2.2-2: Antenna port(s) (1000 + DM-RS port), DM-RS-Type=1, maxLength=2, 
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DM-RS CDM group(s) without data
	DM-RS port(s)
	Number of front-load symbols
	Value
	Number of DM-RS CDM group(s) without data
	DM-RS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
	2

	4
	2
	1
	1
	
	
	
	

	….
	
	
	
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	

	30
	2
	0,2,4,6
	2
	4-31
	reserved
	reserved
	reserved

	31*NOTE2
	2
	0,2,3
	1
	
	
	
	

	NOTE1: When two TCI states to be indicated with two CDM groups, only entries 9-11, 30-31 can be used, and DM-RS ports in each CDM group are associated with one of the TCI states in order.
NOTE2: Entry 31 is not expected to apply only when a single TCI state is indicated.
	



Table 7.3.1.2.2-3: Antenna port(s) (1000 + DM-RS port), DM-RS-Type=2, maxLength=1, 

	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DM-RS CDM group(s) without data
	DM-RS port(s)
	Value
	Number of DM-RS CDM group(s) without data
	DM-RS port(s)

	0
	1
	0
	0
	3
	0-4

	1
	1
	1
	1
	3
	0-5

	2
	1
	0,1
	2-31
	reserved
	reserved

	3
	2
	0
	
	
	

	….
	
	
	
	
	

	21
	3
	3-5
	
	
	

	22
	3
	0-3
	
	
	

	23
	2
	0,2
	
	
	

	24-31
	reserved
	reserved
	
	
	

	NOTE1: When two TCI states to be indicated with two or three CDM groups,  only entries 9-10, 20,22, 23 can be used, and DM-RS ports in each CDM group are associated with one of the TCI states in order.

	




Table 7.3.1.2.2-4: Antenna port(s) (1000 + DM-RS port), DM-RS-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DM-RS CDM group(s) without data
	DM-RS port(s)
	Number of front-load symbols
	Value
	Number of DM-RS CDM group(s) without data
	DM-RS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4
	1

	1
	1
	1
	1
	1
	3
	0-5
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9
	2

	6
	2
	3
	1
	
	
	
	

	7
	2
	0,1
	1
	
	
	
	

	….
	
	
	
	6-63
	Reserved
	Reserved
	Reserved

	56
	2
	6,7
	2
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	

	58-63
	Reserved
	Reserved
	Reserved
	
	
	
	

	NOTE: When two TCI states to be indicated with two or three CDM groups, only entries 9,10, 20, 22,23 can be used, and DM-RS ports in each CDM group are associated with one of the TCI states in order.
	




