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Introduction
This contribution discusses remaining issues for multi-TRP/multi-panel (mTRP) operation in NR Rel-16.  
Remaining issues for single PDCCH based multi-TRP scheduling
Remaining issues for Extended TCI states
At previous RAN1 meeting, the following agreement was made:
Agreement
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS 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 DMRS or for both Rel-15 and Rel-16 DMRS

In our interpretation, the first CDM group is the CDM group of the first antenna port indicated in the antenna port indication table. Hence if {0,2} is indicated, then the first TCI state refers to port 0 and the second TCI state refers to port 2.  
Another remaining issue is the design for DMRS type 2. As there are three CDM groups for DMRS Type 2, but the above agreement states only two TCI states can be configured to a code point, at most two TRPs can be used in the transmission of PDSCH to the UE. It is thus sufficient that the two first CDM groups are used by the PDSCH in a multi-TRP transmission. Hence,
[bookmark: _Toc4495555][bookmark: _Toc21072361][bookmark: _Toc21072474][bookmark: _Toc21072569][bookmark: _Toc21088718][bookmark: _Toc21111813][bookmark: _Toc21112967]When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are indicated by a TCI code point, then the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, for the scheduled PDSCH. 
[bookmark: _Toc534913460]
For DMRS type 2, it may also happen that a code point has two TCI states and all three CDM groups are indicated by antenna port indication in a DCI.  In this case, the 1st TCI state applies to the 1st indicated CDM group and the 2nd TCI state applies to the 2nd and 3rd indicated CDM groups. 

[bookmark: _Toc534913461][bookmark: _Toc21072362][bookmark: _Toc21072475][bookmark: _Toc21072570][bookmark: _Toc21088719][bookmark: _Toc21111814][bookmark: _Toc21112968]When DMRS Type 2 is configured and antenna ports belonging to three DMRS CDM groups are indicated by antenna port indication table, and the indicated TCI code point has two TCI states, then the 1st TCI state applies to the CDM group of the first antenna port indicated and the 2nd TCI state applies to the indicated antenna ports of the two remaining CDM groups 
Remaining issue for antenna port indication table
A remaining issue is how to add the entry of 1+2 scheduling into the antenna port indication table.  It is observed that there is no need to add such entry for the case of two front loaded symbols since RAN1 agreed to Principle 2 last meeting, stating we don’t consider additional specification support for MU-MIMO. We therefore propose the following:
[bookmark: _Toc21072363][bookmark: _Toc21072476][bookmark: _Toc21072571][bookmark: _Toc21088720][bookmark: _Toc21111815][bookmark: _Toc21112969]Add one row to PDSCH antenna port indication table for DMRS Type 1 and 2 with a single front loaded DM-RS symbol, using ports 0,2,3 to allow for scheduling (1,2) layers in the two CDM groups respectively
Common vs. separate rate matching
In the previous meetings, a question was raised on whether or not separate, hence per TRP, rate matching pattern should be supported for single DCI based NC-JT.  The figure below shows these alternatives for LTE CRS rate matching.


[image: ]
Figure 1 Two alternatives for the PDSCH to RE mapping for the two groups of layers for a PDSCH in single-DCI scheduling 

Since different layers of a CW can be transmitted over different TRPs, using different rate matching patterns for different TRPs means that different layers could have different RE allocations, which is not supported by the existing CW to layer mapping and would require potentially complicated spec changes.  While per-TRP rate matching patterns will reduce the overhead, the benefit is not so large as to motivate the rather complex spec changes needed. Therefore, a common rate matching pattern should be supported. 

[bookmark: _Toc21072364][bookmark: _Toc21072477][bookmark: _Toc21072572][bookmark: _Toc21088721][bookmark: _Toc21111816][bookmark: _Toc21112970]For single DCI based NC-JT, all configured reserved resource rate matching patterns (including one or multiple LTE CRS) applies to all PDSCH layers 
Reliability/Robustness specific extensions for PDSCH 
Remaining issues for FDM schemes
One or two PDSCH in Scheme 2b
An open issue for Scheme 2b is whether to have one PDSCH for two CW or two PDSCH with one CW each. The definition of a physical channel is a bit vague in specifications, “A downlink physical channel corresponds to a set of resource elements carrying information originating from higher layers.” so from this perspective, either way is fine.  Also, TS 38.214 allow one PDCCH and multiple PDSCHs already today, “A UE shall upon detection of a PDCCH with a configured DCI format 1_0 or 1_1 decode the corresponding PDSCHs as indicated by that DCI.” So also from this perspective either way is fine.

[bookmark: _GoBack]Currently, one PDSCH can have 2 CW only for rank>4 case, so this case already exists. Therefore, we have a preference for one PDCCH schedules two PDSCH with one CW each in Scheme 2b. This will keep the current structure and definition of a PDSCH intact and as mentioned above, this is also supported for the Scheme 4 like repetition in Rel.15. This proposal also maintain the CW to layer mapping of Rel.15 PDSCH.

[bookmark: _Toc21112971]In Scheme 2b, two PDSCH are transmitted with one CW each. 
TBS determination
In RAN1#98bis, the following agreement was reached on frequency domain resource allocation for FDM schemes:
Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 
· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

In the case of Scheme 2a, all the allocated RBs signalled in DCI for PDSCH scheduling correspond to one TB with one RV.  Hence, the Rel-15 NR TBS determination can be reused for Scheme 2a.  However, in the case of Scheme 2b, there are two non-overlapping frequency resource allocations, one for each PDSCH for the same TB.  Hence, unlike in Rel-15, only part of the total resource allocation signalled in DCI should be used for TBS determination in case of Scheme 2b.  In some scenarios, the number of RBs allocated for the two PDSCHs can be different if the starting RB and/or ending RB is not aligned with the PRG boundaries. To ensure that the same TB size is allocated for the two PDSCHs, a rule can be specified that the TB size is determined based on the number of RBs allocated to the PDSCH associated with a predefined TCI state, e.g. the first TCI state.  

Rel.15 NR TBS determination can be reused for Scheme 2a.
[bookmark: _Toc21072365][bookmark: _Toc21072478][bookmark: _Toc21072366][bookmark: _Toc21072479][bookmark: _Toc21072573][bookmark: _Toc21088722][bookmark: _Toc21111817][bookmark: _Toc21112972]When Scheme 2b is scheduled, the RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination.
RV sequence
For Scheme 2b, one remaining issue is how to signal the RVs for the two PDSCHs and what RV combination should be supported.  In our view, the existing RV field in DCI format 1_1 can be re-interpreted to select a pre-defined or pre-configured RV sequence.  

[bookmark: _Toc21072367][bookmark: _Toc21072480][bookmark: _Toc21072574][bookmark: _Toc21088723][bookmark: _Toc21111818][bookmark: _Toc21112973]When Scheme 2b is scheduled, the existing RV field in DCI format 1_1 is used to select a RV sequence from a list of pre-defined RV sequences.   
Based on simulation results provided in the previous meetings, e.g., [6],  it seems that at least  (RV1,RV2)=(0,2) and (0,0) should be supported. (0,0) can be used in case of blocking while (0,2) can be used when there is no blocking.  This is because RV0 is self-decodable while RV2 isn’t. Thus, when one of the TRPs has the risk of being completely blocked, it is better to transmit RV0 from both TRPs, so that at a self-decodable RV can be received. However, when the TRPs are experiencing fading dips rather than blocking, it is better to transmit different RVs to achieve incremental redundancy rather than chase combining and (RV1,RV2)=( 0,2) was shown to be the best combination.

Additionally, (2,2) and (1,3) may be included to support retransmission.  For example, (2,2) may be used for retransmission when (0,0) was used in the initial transmission to have (0,2) for each TRP in case one TRP is blocked. Similarly, (1,3) may be used for retransmission when (0,2) was used in the initial transmission to have a combined RV sequence of (0,2,3,1) over two transmissions to maximize soft combining gain.  The resulted 4 RV sequences are  shown in Table 1. 

[bookmark: _Toc21111819][bookmark: _Toc21112974]For Scheme 2b, consider using the 4 RV sequences listed in Table 1.

[bookmark: _Ref21006020]Table 1: An example of RV configuration for Scheme 2b
	RV field in DCI
	RV1
	RV2

	0
	0
	0

	1
	2
	2

	2
	0
	2

	3
	1
	3



[bookmark: _Toc21072481]
Remaining issues for TDM schemes
Repetition Indication

In post RAN1#98 email discussion ([98-NR-18]), the following was concluded:

[bookmark: _Hlk20864830]PDSCH repetition indication mechanism: 
· For indication on the number of transmission occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis 
· Option 1: It is dynamically indicated 
· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC
· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 1-3: it is determined by the allocated PDSCH length L using pre-defined value (e.g. 2 for L =4 or 7,  2/4/6 for L = 2.  FFS: how to associate a predefined value of 2/4/6 with the starting symbol S)
· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.
· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 
· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions  
· FFS: whether/how X>1 to be supported  
· For above options, the symbol locations corresponding to different transmission occasions can be further discussed taking into account DL/UL switching. 
· For indication on the number of transmission occasions for scheme 4, select one of the following in RAN1#98bis 
· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 2: By high-layer signaling following Rel-15 mechanism 


In Rel-15, the number of PDSCH repetitions are RRC configured. However, it is observed that for URLLC, different services can be simultaneously used, and thus may require different reliability.  A need to support a variable range in the number of repetitions is thereby emerging. Therefore, we observe that dynamic indication of the number of repetitions is useful in order to not waste downlink resources. 
For Scheme 3, the repetitions are within a single slot. Each transmission occasion requires its own DMRS which becomes an overhead issue. For a same TRP, multiple repetitions within a slot does not provide much benefit in terms of reliability and latency partly due to the DMRS overhead. For a given TB, the code rate per repetition would be increased significantly if the mini-slot duration is decreased to fit a larger number of repetitions within a slot. Therefore, the decoding reliability can actually be reduced, if the number of repetitions is increased within a slot.  Hence, for Scheme 3, it makes sense to have only one repetition per TRP in a slot and thus maximum 2 repetitions for two TRPs. 

[bookmark: _Toc21072368][bookmark: _Toc21072482][bookmark: _Toc21072575][bookmark: _Toc21088724][bookmark: _Toc21111820][bookmark: _Toc21112975]For Scheme 3 (mini-slot TDM), support maximum 2 repetitions in a slot, each corresponding to a separate TRP.
[bookmark: _Toc20996225]Given the above proposal, Option 1-3 from the email discussion [98-NR-18]  is not needed as it optimizes the number of repetitions depending on the length and starting symbol of the PDSCH.  In addition, X>1 in Option 3 is not needed for the same reason, and without allowing X>1 Option 3 is the same as Option 2.  With regards to Option 2, it does not provide the symbol locations corresponding to different transmission occasions.  It may be possible to define a rule for Option 2 such that the PDSCH length L is split evenly among the transmission occasions.  However, this only allows transmitting the two repetitions over consecutive symbols.  Option 1-2 on the other hand allows the symbols to be allocated to the two transmission occasions to be flexibly allocated within a slot.  Furthermore, going with Option 1-2 also allows unifying the dynamic indication solution for schemes 3 and 4.  Hence, we support Option 1-2 with the number of repetitions limited to 2.

For scheme 3, option 1-2 allows the symbols allocated to the two transmission occasions flexibly and allows unifying the dynamic indication solutions for scheme 3 and 4.
[bookmark: _Toc21072369][bookmark: _Toc21072483][bookmark: _Toc21072576][bookmark: _Toc21088725][bookmark: _Toc21111821][bookmark: _Toc21112976][bookmark: _Toc21072370][bookmark: _Toc21072484]For Scheme 3 dynamic indication of number of transmission occasions, TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field with the maximum number of repetitions limited to 2.
[bookmark: _Toc20996226]For Scheme 4, Option 2 means that the number of repetitions is semi-statically configured and is applied to every PDSCH transmission.  Given that both eMBB and URLLC traffic may be supported for a UE and each traffic type has a different BLER and reliability requirements, this semi-static configuration cannot simultaneously meet the different reliability requirements for different services.  With Option 1, the number of repetitions can be dynamically indicated in DCI and thus, different number of repetitions can be used for different types of traffic. Therefore, Option 1 is better option in our view.  It also allows a unified signalling mechanism for both Scheme 3 and Scheme 4. 

[bookmark: _Toc21072371][bookmark: _Toc21072485][bookmark: _Toc21072577][bookmark: _Toc21088726][bookmark: _Toc21111822][bookmark: _Toc21112977]For indication on the number of transmission occasions for scheme 4, support Option 1 with TDRA based indication.

RV sequence
Different RV sequences may be beneficial for different scenarios. For example, (0,0) may be used in case there is a high probability that one TRP is blocked, while (0,2) may be used when blocking is a low probability.  Up to 4 different RV sequences may be predefined and RV field of DCI can be used to select one of the sequences, similar to Rel-15. For Scheme 3 with only two repetitions, the same RV sequences in Table 1 for Scheme 2b may be used. 
[bookmark: _Toc21072372][bookmark: _Toc21072486][bookmark: _Toc21072578][bookmark: _Toc21088727][bookmark: _Toc21111823][bookmark: _Toc21112978]Up to 4 RV sequences are predefined and the RV field in DCI is re-used to select one of the sequences for Schemes 3 and 4.
[bookmark: _Toc21111824][bookmark: _Toc21112979]For Scheme 3, the same RV sequences for Scheme 2b are used.
TRP interleaving vs, non-interleaving
When the number of repetitions is greater than the number of TCI states indicated in DCI, an open issue is how the TCI states are mapped to the repetitions. For example, for 2 TCI states and 4 repetitions, there are two options for how to map the 4 repetitions to TCI states assuming equal number of repetitions per TCI state, 

· Option 1: (TCI #1, TCI #2}, i.e., TRP interleaved using wrap-around principle 
· Option 2: {TCI #1, TCI #1, TCI #2, TCI #2}, i.e., TRP non-interleaved

In [13], we have shown some simulation results comparing the performance difference between the options for a given RV sequence {0 2 3 1} over 4 repetitions. When TRP2 has 3dB more pathloss than TRP1, no TRP interleaving provides a lower BLER after the second repetition (Option 2), and thus better early decoding performance. On the other hand, in case of blocking, Option 1 provides a better early decoding performance. Thus, both options may need to be supported for different scenarios, depending on if blocking is likely or not. However, given that using Multi-TRP is mainly to provide diversity where at least one TRP is not blocked or in deep fade, TRP interleaving is slightly preferred if only one of the two of interleaved and non-interleaved is to be supported. Wrap around description can be 

[bookmark: _Toc21072373][bookmark: _Toc21072487][bookmark: _Toc21072579][bookmark: _Toc21088728][bookmark: _Toc21111825][bookmark: _Toc21112980]Option 1 with TRP interleaving sequence using wrap around principle is supported if the number of repetitions exceeds the number of TCI states in Scheme 4.

Remaining issues for Multi-DCI based multi-TRP
Remaining issue related to support of inter-cell mTRP operation
In RAN2, there is an ongoing email discussion [107#39] to identify all impacts to user plane and control plane with respect to introduction of multi-TRP/multi-Panel operation. There is no decision yet whether to utilize the carrier aggregation framework in Rel.16 to support this functionality or whether to use a higher layer index configured to each CORESET approach. However, while the RAN2 discussion continues,  RAN1 can use the already established path with a higher layer index configured to a CORESET. 

In our view, the higher layer index configured to a CORESET approach is feasible to accomplish at least for the intra-cell case within RAN1 and RAN2 remaining time frame for this WI. It is however unclear how to support the inter-cell case with this approach, since there are diverging views on the mechanisms needed to support this. Here we will provide our views on this inter-cell use case: 

What is meant by inter-cell operation in RAN1 context?
· The “cell” in RAN1 specification context is identified by a Physical Cell ID (PCI). In RAN1 specifications some channels and signals depend on the PCI, such as data scrambling and DMRS sequences for broadcasted channels, random access procedures and default transmissions/receptions. In addition, there is a QCL link to a “root” SSB for any received signal in Rel.15. In inter-cell operation, the UE receives PDCCH, PDSCH, TRS and CSI-RS for CSI acquisition, beam management and beam failure reporting, from a TRP that is simultaneously serving other UEs in that other cell. Hence that TRP transmits SSB(s) with another PCI than the serving cell for the target UE. 

A related question is then whether the target UE needs to know the PCI used by the TRP (i.e. the non-serving cell) to receive the SSB and potentially other channels that depend on PCI transmitted from the non-serving cell?
What can we assume for synchronization between TRPs?
· TRPs are synchronized within a fraction of CP, i.e. single UE FFT receiver
· Independent local oscillators and oscillator temperature phase drift of the two TRPs
· Independent Doppler shifts, Doppler spread when receiving from the two TRPs
Then, how to support inter-cell case for multi-DCI based mTRP operation in case of higher layer index configured to a CORESET? There are a few options discussed to resolve this issue:
1. No root SSB is configured to the UE as the QCL source for any receptions from the non-serving cell. Synchronization relies on TRS without SSB. 
a. This means that the TRS and NZP CSI-RS associated with the non-serving cell TRP doesn’t have QCL-Info configured (already optional in Rel.15) for those transmission. One consequence is that L1-RSRP measurements needs to be based on CSI-RS and BFR, RLM functionalities needs to be based on TRS. 
2. A root SSB in the serving cell is configured as the QCL source of a reception from the non-serving cell.  Synchronization relies on TRS from non-serving cell with an SSB transmitted from a non-co-located serving cell.
a. Same consequence as in option 1, some functionality needs to be based on CSI-RS as SSB is not accessible from the TRP. 
3. An additional set of SSBs with an independently configured PCI relative to the PCI of the Rel.15 set of SSBs is configured under ServingCellConfig, and can be referenced in QCL-Info in TCI-states and NZP CSI-RS etc. 
a. Allows for L1-RSRP, RLM, BFR etc also from the non-serving cell. 
4. Rel.16 inter-cell operation for mTRP is not supported for the approach using higher layer index configured to a CORESET. If CA framework for mTRP is not adopted by RAN2 (which inherently support inter-cell case), revisit as a Rel.17 topic under multi beam mobility enhancements

Option 1 leads to undefined UE behaviour. This is related to a Nokia CR proposal R1-1909416 in previous meeting where it was suggested to define a Default QCL assumption for periodic CSI-RS in case QCL-Info is not configured. How well the UE performs without an associated root SSB to guide the further synchronization may needs to be further investigated, e.g. by RAN4. 

Option 2 violates the fundamental assumption in QCL framework, since clearly the transmission of SSB and TRS are not even physically co-located, even less quasi co-located. It should also be noted that the multi-DCI configuration is motivated by non-ideal backhaul deployments, which are more typical in macro cells. Hence, the UE mobility and speed may further degrade the performance of this option (and option 1 as well). 

Option 3 is a technically feasible approach and is in our view the “proper” way to introduce multi-TRP in the inter-cell scenario. It also allows multi-TRP to operate in FR2 with beam management features properly specified. It shall be noted that multi-TRP operation with multi-DCI may be even more interesting scenario than the FR1 solution discussed so far in this WI. But whether there is sufficient remaining time in RAN1 and especially in RAN2 to complete this task in this release is uncertain. 

Based on this analysis, we suggest taking the safe route of leaving inter-cell operation with higher layer index configured to a CORESET out of further Rel.16 discussion. If CA framework is not adopted by RAN2, then RAN1 and RAN2 can revisit this topic in Rel.17 where a proper design for FR1 and FR2,  can be completed.

[bookmark: _Toc21072374][bookmark: _Toc21072488][bookmark: _Toc21072580][bookmark: _Toc21088729][bookmark: _Toc21111826][bookmark: _Toc21112981]For the case of higher layer index configured to a CORESET, inter-cell mTRP/mPanel operation is not supported in Rel.16. 

Remaining issues related to RRC signalling
From email discussion [98-NR-17], a list of RRC parameters were agreed with some FFS to be resolved (part of list shown below):

	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	HigherLayerIndexPerCORESET
	[0:1:M] FFS M>1
	New
	per CORESET and Per DL BWP
	dedicated 
	[Agreement] The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET
	



In the FFS above, the reason for leaving the value of M>1 as FFS is to be able to support multi-TRP clusters with cluster size larger than 2 TRPs.  The proponents of M>1 argued that it is beneficial to configure more than two groups of CORESETs to support multi-TRP clusters with size larger than 2.  However, it should be noted that the active TCI state corresponding to a CORESET can be controlled by MAC CE signaling already in NR Rel-15.  Hence, it is sufficient to configure two groups of CORESETs (via two values of HigherLayer-Index-PerCORESET) and the existing MAC CE functionality can be used to switch the active TCI state (i.e., active TRP) associated with a given group of CORESETs.  There is no need to have an index per CORESET larger than a binary index since at most two TRPs are active at a time. Hence, we propose

[bookmark: _Toc21072375][bookmark: _Toc21072489][bookmark: _Toc21072581][bookmark: _Toc21088730][bookmark: _Toc21111827][bookmark: _Toc21112982]M=1, i.e. the HigherLayerIndexPerCORESET has value range {0,1}
Remaining issues related to PUCCH 
From last meeting, we have this agreement with two options for down-selection in the Multi-TRP agenda:
Agreement
With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

Furthermore, in RAN1#97, the following working assumption was reached in the Multi-Beam agenda:

Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

Currently, whether to introduce explicit PUCCH resource groups or not is being discussed in parallel in both the Multi-TRP and the Multi-Beam agendas.  From our perspective, there may be a potential for conflicting agreements if such parallel discussions continue in RAN1#98bis.  Given that there is a working assumption in the Multi-Beam agenda, our preference is to discuss whether or not to introduce explicit PUCCH resource groups in the Multi-Beam agenda.  

Whether to introduce explicit PUCCH resource groups or not is currently being discussed parallelly in both the Multi-TRP and the Multi-Beam agendas, and if such discussions continue, may result in conflicting agreements.

[bookmark: _Toc21072376][bookmark: _Toc21072490][bookmark: _Toc21072582][bookmark: _Toc21088731][bookmark: _Toc21111828][bookmark: _Toc21112983]Whether or not to introduce explicit PUCCH resource groups or not should be decided in the Multi-beam agenda.

There is a remaining FFS related PUCCH resource groups given below which was already supposed to be concluded in RAN1#98

· [bookmark: _Hlk21019376]FFS whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs (to be concluded in RAN1 98) 
In the multi-DCI based multi-TRP case, a scheduler corresponding to each TRP will indicate to the UE which PUCCH resource to use for HARQ ACK/NACK feedback via the PUCCH resource indicator field in the scheduling DCI.  Hence, the association between PUCCH resource group (if agreed) and configured higher layer signaling index in CORESET is already implicit, and we do not see the need to explicitly associate PUCCH resource groups and configured higher layer signaling indices of CORESET. In fact, we fail to see what benefit such explicit association would bring. 


[bookmark: _Toc21072377][bookmark: _Toc21072491][bookmark: _Toc21072583][bookmark: _Toc21088732][bookmark: _Toc21111829][bookmark: _Toc21112984]In NR Rel-16, explicit association between PUCCH resource groups (if agreed in MB agenda) and higher layer signaling indices of CORESETs is not supported.


Remaining issues related to dynamic HARQ-ACK codebooks 

From last meeting we have this agreement with two alternatives for down-selection for joint HARQ A/N feedback with multi-DCI:

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 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)).

The use case of joint HARQ ACK feedback is, in our view, mainly for ideal backhaul with a single scheduler so that the HARQ A/N can be sent to a single TRP.  Since the scheduling is done by a single scheduler, it makes sense to count the DCIs jointly across two TRPs for both counter DAI and total DAI.  This would also ease UE processing as it only needs to deal with a single set of counters and minimal change is required from Rel-15 procedure.  Therefore, Alt 1 is preferred.  

[bookmark: _Toc21072378][bookmark: _Toc21072492][bookmark: _Toc21072584][bookmark: _Toc21088733][bookmark: _Toc21111830][bookmark: _Toc21112985]Alt 1 is supported for joint HARQ ACK codebook with multi-DCI.  
For separate HARQ A/N feedback with multi-DCI based multi-TRP transmission, we have the following agreement from last RAN1 meeting:
 
Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP

In our understanding, the sub-slot based PUCCH resource allocation discussed in eURLLC session is mainly related to the granularity of K1. When a UL sub-slot is indicated, the PUCCH resource indicator (PRI) field in DCI would point to a PUCCH resource within the sub-slot. Therefore, the FFS item is not an issue in our view. For sub-slot based PUCCH resource allocation and K1, we can reuse the mechanism that has been agreed in eURLLC.  

Remaining issues related to PDSCH rate matching
From last meeting we have this agreement with two alternatives for down-selection on rate matching around LTE CRS:

Agreement
At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs
· Alt2: configured CRS patterns which are associated with a higher layer signalling 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.

For Alt 1, the union of all CRS patterns configured would be used for PDSCH rate matching regardless of which TRP the PDSCH is transmitted from. Although it is a simple approach, the overhead would be multiplied by the number of configured LTE CRS patterns.  For Alt.2, a PDSCH transmitted from a TRP only needs to rate match around the LTE CRS patterns configured for the TRP, thus the benefit of Alt 2 is the lower overhead since RE used by LTE CRS of the other TRP can still be used for PDSCH transmission. The drawback is that some linkage is needed between a configured LTE CSR pattern and a CORESET or a group of CORESETs. Considering the pros and cons of the two alternatives, we prefer to support Alt 2.


[bookmark: _Toc21072379][bookmark: _Toc21072493][bookmark: _Toc21072585][bookmark: _Toc21088734][bookmark: _Toc21111831][bookmark: _Toc21112986]Alt 2 is supported for PDSCH rate matching around LTE CRS in case of multi-DCI based multi-TRP transmission.  

Overlapping DMRS and PDSCH
For DMRS, different TCI states (i.e., TRPs) use different CDM groups. Hence, it is reasonable to also add the condition that PDSCH from one TRP is not simultaneously overlapping with DMRS transmitted from another TRP. Whether to map PDSCH to REs not used for DMRS is controlled by selecting the corresponding row in the antenna port indication table. Hence, we propose:
[bookmark: _Toc4495548][bookmark: _Toc21072380][bookmark: _Toc21072494][bookmark: _Toc21072586][bookmark: _Toc21088735][bookmark: _Toc21111832][bookmark: _Toc21112987]A UE receiving downlink NC-JT scheduling assignments of two PDSCHs can ignore both scheduling assignments in case one of the scheduled PDSCH is mapped to REs used for DMRS to the other scheduled PDSCH to the same UE

Remaining issues related to DCI format 1_0
In RAN1#96, the following agreement was made:

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 have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· ....

The PDSCHs transmitted from different TRPs will have different TCI states associated with them.  Therefore, according to the above agreement, the PDSCH DM-RSs from the different TRPs need to belong to different DM-RS CDM groups according to this restriction.  

In the case when the PDSCHs are scheduled via DCI format 1-1, the Antenna ports field in the DCI indicates the PDSCH DMRS ports.  Hence, in the case of DCI format 1-1, it can be easily ensured by proper indication of the PDSCH DMRS ports that the two PDSCH DM-RSs from the two TRPs belong to different DM-RS CDM groups.  

However, the case when the PDSCHs are scheduled via DCI format 1-0 is problematic for multi-PDCCH based NC-JT as there is no Antenna ports field in DCI format 1-0.  In the case of DCI format 1-0, the PDSCH DM-RS is assumed to use DM-RS port 0 which corresponds to CDM group 0.  Hence, in the scenario when one or both TRPs are scheduling PDSCH using DCI format 1-0, then there is a strong possibility that both TRPs’ PDSCH DMRS end up in CDM group 0.  For Multi-PDCCH based NC-JT, this violates the restriction of having different TRPs’ PDSCH DM-RS in different DM-RS CDM groups.  Hence, a solution should be studied on how to ensure the above agreed restriction is satisfied when multi-PDCCH based NC-JT scheduling involves DCI format 1-0.


For Multi-PDCCH based NC-JT, scheduling PDSCH using DCI format 1_0 from one or both TRPs violates the restriction of having different TRPs’ PDSCH DM-RS in different DM-RS CDM groups.

Hence, some solution to handle this issue should be discussed in RAN1.
Conclusion 
Based on the discussion in this contribution these proposals are made:

Proposal 1	When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are indicated by a TCI code point, then the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, for the scheduled PDSCH.
Proposal 2	When DMRS Type 2 is configured and antenna ports belonging to three DMRS CDM groups are indicated by antenna port indication table, and the indicated TCI code point has two TCI states, then the 1st TCI state applies to the CDM group of the first antenna port indicated and the 2nd TCI state applies to the indicated antenna ports of the two remaining CDM groups
Proposal 3	Add one row to PDSCH antenna port indication table for DMRS Type 1 and 2 with a single front loaded DM-RS symbol, using ports 0,2,3 to allow for scheduling (1,2) layers in the two CDM groups respectively
Proposal 4	For single DCI based NC-JT, all configured reserved resource rate matching patterns (including one or multiple LTE CRS) applies to all PDSCH layers
Proposal 5	In Scheme 2b, two PDSCH are transmitted with one CW each.
Proposal 6	When Scheme 2b is scheduled, the RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination.
Proposal 7	When Scheme 2b is scheduled, the existing RV field in DCI format 1_1 is used to select a RV sequence from a list of pre-defined RV sequences.
Proposal 8	For Scheme 2b, consider using the 4 RV sequences listed in Table 1.
Proposal 9	For Scheme 3 (mini-slot TDM), support maximum 2 repetitions in a slot, each corresponding to a separate TRP.
Proposal 10	For Scheme 3 dynamic indication of number of transmission occasions, TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field with the maximum number of repetitions limited to 2.
Proposal 11	For indication on the number of transmission occasions for scheme 4, support Option 1 with TDRA based indication.
Proposal 12	Up to 4 RV sequences are predefined and the RV field in DCI is re-used to select one of the sequences for Schemes 3 and 4.
Proposal 13	For Scheme 3, the same RV sequences for Scheme 2b are used.
Proposal 14	Option 1 with TRP interleaving sequence using wrap around principle is supported if the number of repetitions exceeds the number of TCI states in Scheme 4.
Proposal 15	For the case of higher layer index configured to a CORESET, inter-cell mTRP/mPanel operation is not supported in Rel.16.
Proposal 16	M=1, i.e. the HigherLayerIndexPerCORESET has value range {0,1}
Proposal 17	Whether or not to introduce explicit PUCCH resource groups or not should be decided in the Multi-beam agenda.
Proposal 18	In NR Rel-16, explicit association between PUCCH resource groups (if agreed in MB agenda) and higher layer signaling indices of CORESETs is not supported.
Proposal 19	Alt 1 is supported for joint HARQ ACK codebook with multi-DCI.
Proposal 20	Alt 2 is supported for PDSCH rate matching around LTE CRS in case of multi-DCI based multi-TRP transmission.
Proposal 21	A UE receiving downlink NC-JT scheduling assignments of two PDSCHs can ignore both scheduling assignments in case one of the scheduled PDSCH is mapped to REs used for DMRS to the other scheduled PDSCH to the same UE
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