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1	Introduction
This contribution discusses remaining issues for multi-TRP/multi-panel (mTRP) operation in NR Rel-16.  
[bookmark: _Ref178064866]2	Remaining issues for single PDCCH based multi-TRP scheduling
2.1	LTE CRS rate matching
A remaining issue is to determine the behaviour when overlapping LTE CRS patterns are configured in single PDCCH based scheduling. The case of non-overlapping pattern is handled under TEI-16 DSS.
[bookmark: _Toc24131503]For single PDCCH case, if two overlapping LTE CRS patterns are configured, the UE shall rate match PDSCH around both LTE CRS, for all received layers. 
2.2 	Combination of 2 TCI states and 1 or 3 CDM groups
A remaining open issue is how the UE shall handle the case of 2 indicated TCI states and 3 CDM groups. Our preferred resolution is the following:
[bookmark: _Toc24131504]If a TCI codepoint indicates two TCI states and indicated DMRS ports are from single CDM group, and none of the repetition transmission schemes 2a/2b/3 is configured by higher layers and if TDRA field does not indicate scheme 4, then the UE applies the first TCI state and ignores the second TCI state in the TCI codepoint.
Note that when a repetition scheme is enabled, then this DCI codepoint (2 TCI states + 1 CDM group) may be used to indicate a repetition scheme, see our preferred solution for dynamic indication of transmission schemes in Section 5. Furthermore, in the case of 3 CDM groups, a rule is needed:
[bookmark: _Toc24131505]If a TCI codepoint indicates two TCI states and indicated DMRS ports are from three CDM groups, then the UE associates the first TCI state to the first CDM group (λ=0) and the second TCI states to the second and third CDM group (λ=1,2).
2.3	PT-RS port to DM-RS port association for rank 5 and 6
In Rel.15 downlink PT-RS procedures, in case of two CW is scheduled to be transmitted (i.e. rank 5 or 6), the PT-RS port is associated to the DM-RS port that belongs to the CW with the highest MCS. This increases the probability that the SNR for the layer that PT-RS is associated with has a high SNR and as evaluations have shown during Rel.15, that this improves phase tracking performance and throughput. 
In the previous meeting, it was agreed for the case of two PT-RS ports, the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively. However, this agreement implies that for 2 CW transmission, the PT-RS ports may in some cases be mapped to the layer with the worst SNR.
Therefore, we propose to extend the agreement previous meeting with the following for rank 5 and 6 case: 
[bookmark: _Toc24131506]If a UE is scheduled with two codewords and two PTRS ports is configured for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a, and if two TCI states are indicated by one TCI code point, and for each TCI state
· [bookmark: _Toc24131507]if the TCI state is associated to two MCSs (i.e. the TCI state is associated with two code words) then the first PTRS port is associated with the lowest indexed DMRS port assigned for the codeword with the higher MCS within the DMRS ports corresponding to the TCI state, and
· [bookmark: _Toc24131508]if the MCS indices of the two codewords are the same, then the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state
· [bookmark: _Toc24131509]if each TCI state is associated with a single MCS (i.e. the TCI state is associated with one code word), then the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively

We provide an example on how this proposal affects the association rule: For Type 1 DMRS, ports 0,1,4,5 belong to first CDM group (first TCI state) and ports 2,3,6,7 belong to second CDM group (second TCI state). Assume rank 5 scheduling where ports 0-4 are used, then according to CW2L mapping, CW0 use port 0,1 and CW1 use port 2,3,4.  This leads to the following cases:
· If MCS is higher for CW0 compared to CW1, then port 0 and port 2 are associated with PT-RS for the 1st TCI state and 2nd TCI state, respectively.
· If MCS is higher for CW1 compared to CW0, then port 4 and port 2 are associated with PT-RS for the 1st TCI state and 2nd TCI state, respectively.
· If MCS is same for CW1 and CW0, then port 0 and port 2 are associated with PT-RS for the 1st TCI state and 2nd TCI state, respectively.
2.4	The case of single CDM group, 2 TCI states and 2 PT-RS ports
Furthermore, we propose the following fallback in case of 2 PT-RS ports, 2 TCI states are configured but a single CDM group is used for the PDSCH. 
[bookmark: _Toc24131510]If a TCI codepoint indicates two TCI states and indicated DMRS ports are from single CDM group, and if two PT-RS ports are enabled, then a single PT-RS port is transmitted.
[bookmark: _Ref189046994]3	Reliability/Robustness specific extensions for PDSCH 
3.1	Remaining issues for FDM schemes
3.1.1 On the issue of two PTRS ports for Scheme 2a/2b
In Scheme 2a and 2b, each PRG is utilized for transmission by one of the two TRP only. Also, the DM-RS ports are from one CDM group only according to agreement with a comb-based frequency allocation transmission, divided into odd and even PRGs (except in the case of wideband PRG, in which case two continuous chunks or RBs are used per TRP). The same DM-RS port number(s) is used in the odd and even PRGs, hence there is no need to configure two PT-RS ports in scheme 2a and 2b.
[bookmark: _Toc24131511]In Scheme 2a and 2b, a single PT-RS port is used. If two PT-RS ports have been configured (in case dynamic switching between schemes is supported), then only the PT-RS port associated with the lowest index DM-RS port is transmitted. 
[bookmark: _GoBack]The network may transmit the PT-RS port from each of the two TRPs respectively. It may in some cases be so that phase noise contributions come also from the transmitter side, i.e. gNB. This is particularly the case if lower complexity gNBs are used, which doesn’t have the same local oscillator stability as advanced macro gNBs. Hence, the UE may not jointly use PT-RS transmissions from PRGs that are transmitted from different TRPs, as they may have very different phase noise characteristics. Hence, we propose:
[bookmark: _Toc24131512]In scheme 2a, the UE shall not assume that it can use the PT-RS transmissions from PDSCH resources associated with different TCI states in a joint manner, when using PT-RS for tracking the phase. Hence, phase tracking needs to be estimated for each of the two groups of PDSCH resources separately.  
For Scheme 2b on the other hand, the procedure is simpler, as there are two CW transmitted, and thus two PDSCHs transmitted. A simple rule is then the following:
[bookmark: _Toc24131513]In scheme 2b, the PT-RS resource element mapping is established for each of the two PDSCHs independently (i.e. to the scheduled resources of the PDSCH). The UE shall not use PT-RS of one PDSCH as the PT-RS for the other PDSCH.  
Moreover, in scheme 2b, the actual number of RB used for transmission from one TRP, i.e. per PDSCH, is roughly 50% of the total number of scheduled RB since the resource allocation indicates the total resources used for both PDSCH. Hence, to correctly assign the frequency density of the PT-RS for each PDSCH, only 50% of the total scheduled bandwidth should be assumed per PDSCH. Hence,
[bookmark: _Toc24131514]In scheme 2b, the value used for the bandwidth  when determining  from Table 5.1.6.3-2 in TS 38.214 is ceil( where X is the total number of scheduled resource blocks in the scheme 2b resource allocation. 
3.1.2  RV sequence for Scheme 2b
For Scheme 2b, agreement last meeting was:
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)
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: _Toc24131515]For Scheme 2b, use the 4 RV sequences listed in Table 1.
[bookmark: _Ref21006020]Table 1: RV configuration proposal
	RV field in DCI
	RV1
	RV2

	0
	0
	0

	1
	2
	2

	2
	0
	2

	3
	1
	3



3.2 Remaining issues for TDM schemes
3.2.1 Repetition Indication for Scheme 3
In RAN1#98bis, the following was agreed for scheme 3.
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
· FFS: Any restrictions on the possible value pairs for K and SLIV
In NR Rel-15, the starting symbol () and length () are jointly encoded as specified in clause 5.1.2.1 of TS 38.214 such that the time domain resource allocation does not cross the slot boundary.  This means there is a constraint  that must be met in NR Rel-15.
As already agreed in RAN1#98bis, for scheme 3, the number of transmission occasions is two when a codepoint of the TCI field indicates two TCI states.  Hence, the constraint related to SLIV should be modified taking into account the higher layer configured value of K.  An appropriate constraint for the case when there are two transmission occasions is .  This constraint ensures that the time domain resource allocation for the two transmission occasions does not cross the slot boundary.
Furthermore, in the email discussion [98b-NR-22] related to the Rel-16 NR eURLLC work item, the following agreement was made:

Agreement
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
· FFS: Other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.

In NR Rel-15, the starting symbol  is relative to the start of the slot (i.e., reference point is the start of the slot).  However, according to the above eURLLC agreement, the starting symbol  is relative to the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected.  Furthermore, as agreed above, the use of this new reference point is enabled/disabled by a new RRC parameter.  It should be noted that when the use of the new reference point is enabled, the restrictions related to SLIV and K will be impacted.  An appropriate constraint for this case when there are two transmission occasions is  where  denotes the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected.

[bookmark: _Toc24131516]With regards to restrictions on the possible value pairs for K and SLIV for Scheme 3, the following restrictions apply, and if the UE receives K and SLIV values in the scheduling DCI that do not satisfy the conditions below, then the UE can assume that only the first PDSCH repetition in the slot is transmitted:
· [bookmark: _Toc24131517]If using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference point for starting symbol S is not enabled, then the restriction  applies.
· [bookmark: _Toc24131518]If using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference point for starting symbol S is enabled, then the restriction  applies wherein  is the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected.      
One of the reasons for introducing a configurable symbol offset K is to allow transmission of scheme 3 in a slot containing both DL and UL symbols.  Particularly, the use case for having a non-zero K value is to allow the case where there are UL symbols (and flexible symbols) in between the DL symbols allocated for the first transmission occasion and the DL symbols allocated for the second transmission occasion.  Considering Table 11.1.1-1 of TS 38.213, slot formats 46, 47, 49, 50, 53, and 54 offer the possibility of 1st transmission occasion in a set of DL symbols and the 2nd transmission occasion in another set of DL symbol wherein the two sets of DL symbols are separated by UL/flexible symbols. 
Another motivation is to avoid collisions between PDSCH DMRS and reserved resources such as LTE CRS. Figure 1 shows an illustration of different K values suitable for different slot formats.  As shown in the figure, K values in the range from 0 to 6 are useful.  Hence, we propose the following:
[bookmark: _Toc24131519]Support a value range from 0 to 6 for the configurable symbol offset K.
[image: ]
[bookmark: _Ref23348476]Figure 1.  An illustration of different K values suitable for different slot formats (note that the 1st transmission occasion is shown in orange while the 2nd transmission occasion is shown in green).
It should be noted that a single configured value of K is not suitable for different slot formats particularly in the case when slot format is dynamically indicated.  For instance, a K value of 6 which is suitable for slot format 55 in Figure 1 is not suitable for slot format 46.  Furthermore, the same value of K is not suitable even within the same slot format when different L values are used for scheme 3. 
[bookmark: _Hlk23360628]Figure 2 shows a second illustration when different K values are needed when different L values are used within the same slot format.  In the top part of this figure, scheme 3 is used with L=4 which requires a K value of 2.  In the bottom part of the figure, scheme 3 is used with L=2 which requires a K value of 0.  Hence, to maintain the scheduling flexibility, different values of K should allow to be dependent on the SLIV.  Since SLIV is indicated as part of PDSCH-TimeDomainResourceAllocation, we propose to also indicate the K value as part of PDSCH-TimeDomainResourceAllocation.  

[bookmark: _Toc24131520]In NR Rel-16, the symbol offset K for multi-TRP scheme 3 is configured as part of PDSCH-TimeDomainResourceAllocation.
[image: ]
[bookmark: _Ref23360314]Figure 2.  An illustration of different K values suitable for the same slot format when different L values are used (note that the 1st transmission occasion is shown in orange while the 2nd transmission occasion is shown in green).
3.2.2 Repetition Indication for Scheme 4
In RAN1#98bis, the following was agreed.

Agreement
For single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:
· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 
· The maximum number of repetition is FFS.

[bookmark: _Toc20996225]According to Clause 11.1 of TS 38.213, when a UE is scheduled by DCI format 1-1 to receive PDSCH over multiple slots, and if a slot among the multiple slots contains at least one symbol from a set of symbols where the UE is scheduled to receive PDSCH is an uplink symbol, then the UE does not receive PDSCH in that slot.  Hence, in multi-TRP scheme 4, some of the transmission occasions may not be received by the UE in some slots if at least one of the scheduled symbols for PDSCH happens to be an uplink symbol.  These transmission occasions that are not received by the UE are still counted as ‘one reception’ towards the indicated number of transmission occasions.  This may limit the reliability of scheme 4 for certain TDD configurations.  In Rel-15, the maximum number of repetitions is 8.  However, to ensure the reliability of scheme 4 for various TDD configuration, it is desirable to set the maximum number of repetitions to 16 in NR Rel-16.
[bookmark: _Toc24131521]In NR Rel-16, the maximum number of repetitions for scheme 4 is 16.
In NR Rel-16 eURLLC, the following agreement is made for PUSCH:

Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
Similar to the above agreement, for scheme 4, we have agreed that the number of repetitions will be dynamically indicated by using the PDSCH-TimeDomainResourceAllocation field which also provides the SLIV.  Hence, a similar level of scheduling flexibility is desired for PDSCH in the case of scheme 4.  Thus, in the case of scheme 4, the maximum TDRA table size is 64.

[bookmark: _Toc24131522]In NR Rel-16, the maximum TDRA table size given by ’maxNrofDL-Allocations’ in TS38.331 is 64.
3.2.3 RV sequence for scheme 3
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: _Toc24131523]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 the same RV sequences as for Scheme 2b are used.

3.2.4 DCI formats for Multi-TRP URLLC schemes
In the multi-TRP URLLC discussions so far, we have assumed that DCI format 1_1 applies for scheduling these transmissions.  However, in the Rel-16 URLLC agenda, a new DCI format 1_2 is introduced.  In our view, it should be possible to configure the use of both DCI formats 1_1 and 1_2 for scheduling multi-TRP URLLC schemes.
[bookmark: _Toc24131524]In NR Rel-16, scheduling of multi-TRP URLLC schemes is supported by DCI format 1_1 and DCI format 1_2.

4 The configuration of a single TRP as a special case
For scheme 4, it has been agreed to dynamically indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.  By dynamically indicating the number of transmission occasions, the number of transmission occasions needed for a PDSCH can be flexibly chosen depending on the traffic types, reliability and latency requirements.  However, these benefits should not only apply for multi-TRP but should also be extended to single TRP operation. It would be very odd if such functionality is only supported in the more complex case of multi-TRP transmission, but not for single TRP operation.  By definition, Scheme 4 is applicable when two TCI states are indicated by a codepoint of the TCI field in DCI. 
One possibility to support single TRP operation that already is possible, is for the network to configure the same source RS for these two TCI states, however that requires the UE to support two active TCI states which is unnecessary for this case. Another alternative is to configure the same TCI state twice in the code point, if the MAC CE signaling allows this. Nevertheless, these are quite cumbersome hacks and it would be better to simply avoid these by allowing a clean single TRP operation solution with dynamic indication of the number of repetitions for PDSCH.   Hence, we propose to extend this enhancement to also single TRP operation as follows:
[bookmark: _Toc24131525]In NR Rel-16, the enhancement of additionally indicating the number of PDSCH transmission occasions via the PDSCH-TimeDomainResourceAllocation field is also applicable for single-TRP operation (i.e, when a TCI field codepoint in DCI indicates a single TCI state).
5 On dynamic switching between schemes


In RAN1#98bis, it was agreed that for scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions, n, by using PDSCH-TimeDomainResourceAllocation field.  It was also agreed that for differentiation among schemes 2a/2b/3, a new RRC parameter is introduced to enable one scheme or multiple schemes among 2a/2b/3.  It was noted that dynamic switching between schemes (including fallback) is a separate discussion.

Even when one or multiple URLLC multi-TRP scheme is enabled by RRC, it is still desirable that single TRP transmission is supported.  Single TRP transmission can be easily supported when a single TCI state is indicated by DCI regardless of multi-TRP scheme configuration.  

We foresee these RRC/MAC configurations to control and configure the Rel.16 Multi-TRP with single DCI:
· Rel.16 TDRA table (i.e. Scheme 4)
· TDMSchemeA (i.e. Scheme 3)
· FDMSchemeA (i.e. Scheme 2a)
· FDMSchemeB (i.e. Scheme 2b)
· 2 TCI states per TCI codepoint (using RRC+MAC CE)

Our suggested the dynamic indication is sketched in the figure below, it requires a few more agreements, see the proposals below. On a top level, dynamic switching among single TRP and multi-TRP transmission schemes is supported by indicating either a single or two TCI states in the TCI code point.  
· If a single TCI state is indicated, then Rel.15 eMBB is used. 
· If a single TCI state is indicated, and if Rel.16 TDRA table is configured, then it is also possible to dynamically switch between Rel.15 eMBB and Scheme 4 with single TRP operation, depending on the value n in the TDRA.
· If two TCI states are indicated:
· If One CDM group is indicated and 
· TDMSchemeA is configured by RRC, then this is a Scheme 3 scheduling
· Rel.16 TDRA is configured by RRC, then this is a Scheme 4 scheduling if n>1,
· Rel.16 TDRA and TDMSchemeA is configured and if n=1, then this is Scheme 3, 
· Rel.16 TDRA is not configured by RRC, then either FDMSchemeA or FDMSchemeB is used, depending on RRC. Note that they cannot both be configured simultaneously.
· If Two CDM groups are indicated and
· Rel.16 TDRA is configured by RRC and n=1 or if Rel.16 TDRA is not configured, then Scheme 1a is used
· Rel.16 TDRA is configured by RRC and n>1, then a hybrid of scheme 4 and 1a is used


[image: ]
[bookmark: _Ref24033316]Figure 3: A possible overall scheme indication for single TRP and multi-TRP transmission schemes.

First of all, support for single TRP with repetition is necessary, hence we propose

[bookmark: _Toc24131526]Single TRP transmission is supported together with Rel.16 TDRA table with n>1 repetitions, and used when a single TCI state is indicated in DCI.

Hybrid Scheme 4 and Scheme 1a can have the benefit of obtaining more MIMO layers from two TRPs in each transmission occasion and thus better layer diversity than Scheme 4 only.  It can be easily supported with n>1 configured in TDRA and 2 TCI states and 2 CDM groups indicated as shown in Figure 3.

[bookmark: _Toc24131527]Hybrid Scheme 4 and Scheme 1a is supported when Rel-16 TDRA is configured and 2 CDM groups and 2 TCI states are scheduled.
Scheme 3 can be indicated with n=1 configured in TDRA to differentiate from Scheme 2a/2b, which may be enabled only when the field of number of PDSCH repetitions in TDRA is no present or not configured.  Thus, Scheme 3 could be implicitly indicated without additional RRC signaling.   
[bookmark: _Toc24131528]Scheme 3 is indicated with n=1 in Rel.16 TDRA, 1 CDM group and 2 TCI states.

Between Schemes 2a and 2b, it can be either selected by RRC or dynamically switched, e.g., by allocating different CDM groups. If RRC is used to select one scheme among schemes 2a/2b, then there is no need for dynamic scheme selection principle among 2a/2b. Then, comparing Schemes 2a and 2b, it is noticed they are very similar in performance when the code rate is low such that systematic bits are transmitted from each TRP. At high code rate, Scheme 2a is slightly better when there is no deep fading or presence of channel blocking, otherwise, Scheme 2b is better. Given that Scheme 2b also needs additional UE capability signaling, RRC signaling may be sufficient in practice.  Thus, this leads us to the following proposal:
[bookmark: _Toc24131529] One of Schemes 2a and 2b is semi-statically enabled by RRC using either FDMSchemeA or FDMSchemeB which cannot be configured simultaneously. 
6 Remaining issues for Multi-DCI based multi-TRP
6.1 Remaining issues related to RRC signalling
In RAN1#98bis, the following agreements were made:

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

Agreement
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 
· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP. 

Even though the note highlighted in the second agreement states that PUCCH resources can be associated with values of higher layer index per CORESET, the details of this association is still FFS according to the first agreement.  During the RRC signaling email discussion, a few companies argued that a higher layer parameter HigherLayerIndexPerPUCCHResource needs to be introduced per PUCCH resource to specify this association.  However, in our view such a higher layer parameter does not need to be introduced.  An association between a CORESET with a CORESETPoolIndex and a PUCCH resource can be established even without the new, additional RRC parameter.  
For instance, a PUCCH resource can be associated with a CORESET, if the pucch-PathlossReferenceRS in the activated spatial relation of the PUCCH resource is the same as the QCL source RS in the activated TCI state of the CORESET.  Hence we make the following proposals:
[bookmark: _Toc24131530]A PUCCH resource can be associated with a CORESET, if the pucch-PathlossReferenceRS in the activated spatial relation of the PUCCH resource is the same as the QCL source RS in the activated TCI state of the CORESET.  


6.3 Remaining issues related to dynamic HARQ-ACK codebooks 
From RAN1#97bis 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: _Toc24131531]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.  
6.4 Remaining issues related to PDSCH rate matching
From last meeting we have this agreement
Agreement
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· [bookmark: _Hlk23781049]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 signalling
· 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.
To simplify the operation, if LTE CRS pattern is configured in any of the TRPs, the DMRS is shifted according to Rel.15 procedure for both TRPs. Hence
[bookmark: _Toc21072379][bookmark: _Toc21072493][bookmark: _Toc21072585][bookmark: _Toc21088734][bookmark: _Toc21111831][bookmark: _Toc24131532]For multi-DCI based multi-TRP/panel transmission, if at least one LTE CRS patterns is configured, then PDSCH DM-RS is shifted according to Rel.15 procedure when DM-RS symbol collides with LTE CRS symbol and the shift is always applied for both received PDSCHs.  
6.4.1 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: _Toc24131533]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
6.5 Clarification on number of TCI states per DCI 
For multi-DCI scheduling over two TRPs, the original motivation was that each TRP schedules its PDSCH independently.  In that case, each DCI acts in the same way as in Rel-15.  Therefore, if a given serving cell is configured for multi-PDCCH based PDSCH reception, then the UE receives a mapping with at most 1 TCI state mapped/indicated for each of the codepoints in the DCI TCI field.  Since at most 1 TCI state is mapped to each of the codepoints in the DCI TCI field, each of the two PDCCHs received by the UE will only indicate one TCI state and will use only one DMRS CDM group.  This amounts to using two DMRS CDM groups which is the number of CDM groups available for DMRS type 1. So, we have the following proposal 
[bookmark: _Toc24131534]When multi-DCI is enabled in a serving cell, only a single TCI state is mapped per codepoint in the TCI field in DCI.
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Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For single PDCCH case, if two overlapping LTE CRS patterns are configured, the UE shall rate match PDSCH around both LTE CRS, for all received layers.
Proposal 2	If a TCI codepoint indicates two TCI states and indicated DMRS ports are from single CDM group, and none of the repetition transmission schemes 2a/2b/3 is configured by higher layers and if TDRA field does not indicate scheme 4, then the UE applies the first TCI state and ignores the second TCI state in the TCI codepoint.
Proposal 3	If a TCI codepoint indicates two TCI states and indicated DMRS ports are from three CDM groups, then the UE associates the first TCI state to the first CDM group (λ=0) and the second TCI states to the second and third CDM group (λ=1,2).
Proposal 4	If a UE is scheduled with two codewords and two PTRS ports is configured for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a, and if two TCI states are indicated by one TCI code point, and for each TCI state
	if the TCI state is associated to two MCSs (i.e. the TCI state is associated with two code words) then the first PTRS port is associated with the lowest indexed DMRS port assigned for the codeword with the higher MCS within the DMRS ports corresponding to the TCI state, and
	if the MCS indices of the two codewords are the same, then the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state
	if each TCI state is associated with a single MCS (i.e. the TCI state is associated with one code word), then the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively
Proposal 5	If a TCI codepoint indicates two TCI states and indicated DMRS ports are from single CDM group, and if two PT-RS ports are enabled, then a single PT-RS port is transmitted.
Proposal 6	In Scheme 2a and 2b, a single PT-RS port is used. If two PT-RS ports have been configured (in case dynamic switching between schemes is supported), then only the PT-RS port associated with the lowest index DM-RS port is transmitted.
Proposal 7	In scheme 2a, the UE shall not assume that it can use the PT-RS transmissions from PDSCH resources associated with different TCI states in a joint manner, when using PT-RS for tracking the phase. Hence, phase tracking needs to be estimated for each of the two groups of PDSCH resources separately.
Proposal 8	In scheme 2b, the PT-RS resource element mapping is established for each of the two PDSCHs independently (i.e. to the scheduled resources of the PDSCH). The UE shall not use PT-RS of one PDSCH as the PT-RS for the other PDSCH.
Proposal 9	In scheme 2b, the value used for the bandwidth  when determining  from Table 5.1.6.3-2 in TS 38.214 is ceil( where X is the total number of scheduled resource blocks in the scheme 2b resource allocation.
Proposal 10	For Scheme 2b, use the 4 RV sequences listed in Table 1.
Proposal 11	With regards to restrictions on the possible value pairs for K and SLIV for Scheme 3, the following restrictions apply, and if the UE receives K and SLIV values in the scheduling DCI that do not satisfy the conditions below, then the UE can assume that only the first PDSCH repetition in the slot is transmitted:
-	If using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference point for starting symbol S is not enabled, then the restriction  applies.
-	If using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference point for starting symbol S is enabled, then the restriction  applies wherein  is the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected.
Proposal 12	Support a value range from 0 to 6 for the configurable symbol offset K.
Proposal 13	In NR Rel-16, the symbol offset K for multi-TRP scheme 3 is configured as part of PDSCH-TimeDomainResourceAllocation.
Proposal 14	In NR Rel-16, the maximum number of repetitions for scheme 4 is 16.
Proposal 15	In NR Rel-16, the maximum TDRA table size given by ’maxNrofDL-Allocations’ in TS38.331 is 64.
Proposal 16	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 the same RV sequences as for Scheme 2b are used.
Proposal 17	In NR Rel-16, scheduling of multi-TRP URLLC schemes is supported by DCI format 1_1 and DCI format 1_2.
Proposal 18	In NR Rel-16, the enhancement of additionally indicating the number of PDSCH transmission occasions via the PDSCH-TimeDomainResourceAllocation field is also applicable for single-TRP operation (i.e, when a TCI field codepoint in DCI indicates a single TCI state).
Proposal 19	Single TRP transmission is supported together with Rel.16 TDRA table with n>1 repetitions, and used when a single TCI state is indicated in DCI.
Proposal 20	Hybrid Scheme 4 and Scheme 1a is supported when Rel-16 TDRA is configured and 2 CDM groups and 2 TCI states are scheduled.
Proposal 21	Scheme 3 is indicated with n=1 in Rel.16 TDRA, 1 CDM group and 2 TCI states.
Proposal 22	One of Schemes 2a and 2b is semi-statically enabled by RRC using either FDMSchemeA or FDMSchemeB which cannot be configured simultaneously.
Proposal 23	A PUCCH resource can be associated with a CORESET, if the pucch-PathlossReferenceRS in the activated spatial relation of the PUCCH resource is the same as the QCL source RS in the activated TCI state of the CORESET.
Proposal 24	Alt 1 is supported for joint HARQ ACK codebook with multi-DCI.
Proposal 25	For multi-DCI based multi-TRP/panel transmission, if at least one LTE CRS patterns is configured, then PDSCH DM-RS is shifted according to Rel.15 procedure when DM-RS symbol collides with LTE CRS symbol and the shift is always applied for both received PDSCHs.
Proposal 26	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
Proposal 27	When multi-DCI is enabled in a serving cell, only a single TCI state is mapped per codepoint in the TCI field in DCI.
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