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[bookmark: DocumentFor][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings [1][2][3][4], some progresses were achieved for multi-TRP. In this paper we further elaborate our thoughts and opinions and preferences on related issues based on previous agreements.
Multi-TRP Configuration
In RAN1 #96bis, agreement on TRP differentiation was achieved as follows:
Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
PDCCH configuration
With the above agreement, PHY layer differentiation of TRPs by CORESET ID can be supported for corresponding transmission and reception behaviors. As one TRP could be associated with multiple CORESETs, CORESETs can be configured into CORESET groups per BWP in RRC signaling, each of which is associated with a TRP. The PDCCHs received from the CORESETs of same CORESET group correspond to same TRP. Additional TRP ID or CORESET group ID can be introduced in RRC configuration to associate multiple CORESETs.
Proposal 1: CORESETs can be configured into CORESET groups per BWP in RRC signaling, each of which is associated with a TRP.
Some fields in PDCCH-Config IE can be extended to map to multiple TRPs with separate configurations, such as:
controlResourceSetToAddModList
controlResourceSetToReleaseList
downlinkPreemption
Group-common control DCI is typically addressed to a group of UEs. UEs associated with different TRPs may or may not belong to different groups. For UEs that do not need to communicate with multiple TRPs, it may only need to receive a single group common DCI. But when a NC-JT UE is connecting to multiple TRPs, it needs to be clarified whether the UE is allowed to receive multiple group-common control DCIs. If allowed the related UE behavior should also be addressed. At least the following group common DCIs for a UE can be considered to be signaled from multiple TRPs:
DCI format 2_0 for slot format indication (SFI) scrambled by SFI-RNTI
DCI format 2_1 for pre-emption indication (PI) scrambled by INT-RNTI
For DCI format 2_0: is it allowed for a UE to receive multiple slot format indications or not? It is possible that different TRPs may use different slot format to adapt to the corresponding traffic burst for different groups of UEs. As long as the interference is well managed, it is natural that a UE could transmit and receive according to what is indicated by the TRP rather than mandating the two TRPs are fully aligned on transmission and reception.
Similarly, pre-emption indicator signaled by DCI format 2_1 can also be signaled independently from multiple TRPs, because the different service scheduling are likely to be different from multiple TRPs.
UE behavior should be defined when a UE receives multiple conflicting SFIs/PIs/TPC commands in group-common DCIs transmitted from multiple CORESETs which allows the network deployment as flexible as possible.
Proposal 2: Some fields in PDCCH-Config IE can be extended to map to multiple TRPs with separate configurations.

PDSCH configuration
In RAN1 #96bis, different PDSCH transmitted from multiple TRPs are agreed to be scrambled by different sequences.
Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH

As given in [5], the scrambling sequence generator for PDSCH shall be initialized with

For Alt 1, in order to distinguish TRP in , possibly additional CORESET ID or HARQ process ID can be included in the above equation. However, Alt 1 is sure to impact on the UE implementation in random sequence generation and would cause more specification efforts to deal with compatibility of legacy UEs. In addition, if HARQ processes among TRPs are differentiated by CORESET ID and HARQ process ID together, i.e., the range of HARQ process ID will keep same of each TRP, HARQ process ID alone cannot be used in  to since same HARQ process IDs may exist between multiple TRPs.
However, support Alt 2 with multiple dataScramblingIdentityPDSCH in PDSCH-Config is the simplest way with minor specification effort by updating PDSCH-Config IE as there may be more fields to be duplicated in the IE.
Similar to PDCCH-Config, some fields in PDSCH-Config can also be extended to associate multiple TRPs/CORESET groups, such as:
dataScramblingIdentityPDSCH
mcs-Table
maxNrofCodeWordsScheduledByDCI
aperiodic-ZP-CSI-RS-ResourceSetsToAddModList
aperiodic-ZP-CSI-RS-ResourceSetsToReleaseList
Proposal 3: Some fields including dataScramblingIdentityPDSCH in PDSCH-Config IE can be extended to map to multiple TRPs with separate configurations.

While in tci-StatesToAddModList/ tci-StatesToReleaseList, globally indexed TCI states per BWP per cell can be configured. Each TRP can activate a subset of its belonging TCI states with MAC CE, and the TCI in DCI is associated with the TRP identified by the corresponding CORESET.
Proposal 4: Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.

Number of CORESETs and BD/CCE upper limit
In multi-TRP scenarios, it is necessary to further enhance the ability for BD/CCE upper limit. The rationale behind the enhancement is that the number of CORESETs would need to be increased. CCE upper limit should firstly be increased to match the increased number of CORESETs. Furthermore, a specific TRP could be viewed as a specific point for transmission and reception for a group of UEs. An increased number of BD would increase the flexibility of scheduling the group of UEs from a TRP and reduce the blockage probability. In RAN1 #97, the maximum number of CORESETs per PDCCH-Config is agreed to increase.
Agreement
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

For multi-TRP scenarios, we assume that:
1 CORESET is used for broadcast, e.g., SI/Paging etc.;
1 CORESET per TRP is used for group common signaling per TRP, e.g., SFI/PI/TPC;
1 CORESET per TRP is used for UE specific transmission;
1 CORESET is used for BFR.
When there are two TRPs that are used for simultaneous transmission to the UE, the above CORESETs add up to 6. Considering 2 TRPs would be supported for Rel-16 MIMO, the maximum number of CORESETs per BWP should be further increased from 3 to 6.
Proposal 5: Maximum number of CORESETs per BWP should be increased up to N = 5 or 6. 

When the maximum number of CORESETs per BWP is increased beyond 3, some issues may be raised. One of the issues is that whether the increasing number of CORESETs will lead to higher PDCCH blocking rate among UEs. For example, up to 3 different hashing function for CCE index determination per COSESET can be obtained for a UE in Rel-15. Increasing the maximum number of CORESETs more than 3 would lead to higher blocking rate when CORESETs configured for a UE are overlapped because identical hashing function result is inevitably applied to different CORESETs. Any enhancement is to be studied such as the CCE index calculation for an aggregation level corresponding to a PDCCH candidate of the search space set associated with increased number of CORESET. 
Proposal 6:  Study any enhancement to avoid higher PDCCH blocking rate when the maximum number of CORESETs per BWP increased up to N > 3.

For BD/CCE upper limit, there are two directions for further enhancement:
Increase number of BD/CCE upper-limit per CC: this not only benefits multi-TRP transmission, but also is useful for other items, like URLLC;
Tradeoff between number of CCs and number of TRPs: the BD/CCE capability of another CC could be used for the BD/CCE of multi-TRP when the number of CCs is smaller than the maximum one UE supported;
In our understanding, both directions should be supported in Rel-16. UE capability may be used to indicate whether UE supports the tradeoff between number of CCs and number of TRPs. Another UE capability may also be introduced to indicate whether UE supports increased number of BD/CCE upper limit per CC.
With the increased number of upper limit, the upper-limit of BD/CCE could be explicitly configured for each cell/BWP no matter whether the increase is from tradeoff or from baseband capability enhancement. Furthermore, to reduce the related specification work on the upper-limit, it needs to be studied whether the BD/CCE increase is at the granularity of 44/36/22/20 or allow any kind of configuration.
Proposal 7: Consider further enhancement of BD/CCE upper limit for multi-PDCCH based multi-TRP transmission.

1. URLLC PDSCH Transmission
As addressed in our companion contribution [8], PDSCH transmission from multiple TRP could increase reliability for URLLC traffic. Currently, RAN1 discussion focuses on PDSCH enhancement.
PDSCH repetition schemes with multiple PDCCHs
Multi-TRP transmission for URLLC is one of the major focuses for the WI. Multi-PDCCH is a useful solution for both ideal and non-ideal backhaul scenarios. Separately transmitted PDCCHs from multi-TRP could be used to independently schedule PDSCHs with different resource allocation, which would increase the reliability of URLLC service. To schedule the same TB with different PDCCHs from different TRPs, the same HARQ process ID could be used in the two PDCCHs to indicate to the UE that those two PDSCHs could be soft combined. However, there is a scheduling restriction that the gNB may not be able to transmit the same TB with the same process before a NACK is received. For URLLC, such restriction would increase the latency and not acceptable for this type of service. 
Based on the indicated PUCCH resources in the scheduling DCI, UE may or may not feedback a combined A/N bit after decoding the PDSCHs.
Proposal 8: Multi-DCI based PDSCH repetition schemes should be enabled for multi-TRP based URLLC transmission.
Proposal 9: Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
· For simultaneously received PDSCHs, UE could perform soft combination of the two PDSCHs.
· UE may feedback a combined A/N based on the indicated PUCCH resources in the scheduling DCI.

PDSCH repetition schemes with single PDCCH
In the email discussion [96-NR-09], schemes for multi-TRP based URLLC, scheduled by single DCI at least, were clarified as following: 
Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
· Scheme 1a:  
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
· Scheme 1b: 
· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
· Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
· FFS: codeword-to-layer mapping when total number of layers <= 4
· Scheme 1c: 
· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a: 
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
· Scheme 2b: 
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed
1. 
0. 
0. 
1 
1.1 
1.2 
On support of scheme 2a/2b
In the last meeting, following agreements were made on this topic.
Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none
· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results
· Specification impact, and UE complexity need to be considered as well.
· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 
· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)
More simulation assumptions were agreed during email discussion. We conduct the simulations with some of the results shown below. More evaluation results can be found in our companion contribution [7]. 
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Figure 1: Comparison of 2a, 2b and baseline under CDL-C 100ns
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Figure 2: Comparison of 2a, 2b and baseline under CDL-C 300ns
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Figure 3: Impact of phase offset to SFN+CDD
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Figure 4: Comparison with precoder cycling
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Figure 5: Impact of delay offset estimate

With above simulation assumptions, we have the following observations:
Observation1：The baseline scheme (SFN+CDD) performs similar as or better than Scheme 2a and 2b under all conditions agreed in the simulation assumptions.

For ideal backhaul scenarios, both single-PDCCH based approach and multi-PDCCH based approach could be used. For typical multi-TRP scenarios, MCS and RA from different TRPs should be different, which would leverage the most from macro diversity provided by multiple-TRP. However, further refining single-PDCCH based schemes towards such direction would involve too much new design for DCI signaling and may not be expertise for MIMO. The specification impact would be much less by enabling scheduling different PDSCH from different TRPs through different PDCCHs.
Proposal 10: Support none of scheme 2a or 2b.

Issues for scheme 3/4
PUSCH enhancements for URLLC are discussing in the NR URLLC session. For example, in both option 4 and option 6, one or more (actual) PUSCH repetitions in one slot, or two or more (actual) PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. In RAN1 #96bis meeting, following details FFS on option 4 and option 6 were agreed.
· Agreements
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH

Agreements
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details

For DL URLLC enhancement by multi-TRP, similar criteria can also be applied as those of UL URLLC enhancement, such as PDSCH repetition configuration, splitting of a repetition across the slot boundary or DL/UL switching point, TBS determination when a repetition is split. Also, PDSCH repetitions for both dynamic scheduled PDSCH and SPS PDSCH can be considered. But there are some issues specific to multi-TRP-based DL URLLC transmission to be discussed in multi-TRP session, such as the TCI indication per PDSCH repetition.
We can also list the issues for PDSCH repetition with single-PDCCH-based multi-TRP transmission as those listed for PUSCH enhancements for URLLC, together with specific issues related to multi-TRP-based PDSCH repetition.
Proposal 11: Multi-TRP-based PDSCH repetition for DL URLLC can follow the discussion on PUSCH enhancements for URLLC with specific issues related to multi-TRP-based PDSCH repetition. 
· Similar issues as PUSCH enhancement including PDSCH repetition configuration, splitting of a repetition across the slot boundary or DL/UL switching point, TBS determination when a repetition is split, etc.
· PDSCH repetition-specific issues such as TCI indication per PDSCH repetition, etc.

eMBB PDSCH Transmission
eMBB PDSCH transmission with multiple PDCCHs
1. 
2. 
3 
4 
4.1 
Restrictions on PDSCH transmission for multi-PDCCH based multi-TRP/panel with non-ideal backhaul
In RAN1 #96 meeting, following agreements were achieved with some restrictions for FFS. In this section, we provide our opinions on the FFS.
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 DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH. 
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The 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.

For non-ideal backhaul scenarios, restrictions on PDSCH mapping type should be applied when independent scheduling from different TRPs are conducted. If the UE is scheduled with full/partially overlapping PDSCHs by multiple PDCCHs, same DMRS configuration should be applied with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type. In such cases, in order to rate match around DMRS REs, at least PDSCHs with mapping type A from both TRPs can be configured. PDSCHs with mapping type B from both TRPs should be coordinated between TRPs before scheduling. However, PDSCH with different mapping types, i.e. A + B should be restricted because it is hard for TRPs to coordinate between different mapping types.
Proposal 12: For fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul scenarios, PDSCH with different mapping types, i.e. A + B should be restricted.

From the perspective of channel estimation, there is no need to strictly align the PRG-level grid from different TRPs since DMRS ports from different TRPs cannot be within the same CDM group. In addition, for PRG-size set to wideband it is hard to coordinate between multiple TRPs for non-ideal backhaul scenarios. Therefore, PRG-level grids from multiple TRPs are not necessarily aligned.
Proposal 13: PRG-level grids from multiple TRPs are not necessarily aligned if the UE is scheduled by fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul.

BWP indication
As a UE can only operate on single active BWP, it is needed to ensure the same active BWP between multiple TRPs. For non-ideal backhaul, mechanisms should be defined.
For RRC-triggered semi-static BWP switching, there is no problem for different TRPs to coordinate the timing of BWP switching.
DCI-triggered dynamic BWP switching can achieve BWP switching dynamically. For some cases, the scheduled PDSCH will be transmitted on the BWP which is indicated in the DCI or the current active DCI. If one TRP triggers BWP switching while another TRP is not aware of, the other TRPs would still schedule PDSCH on the previous active BWP. Therefore, for DCI-triggered dynamic BWP switching the signaling of dynamic BWP switching triggered by one TRP needs to be informed to the coordinating TRPs. However, this prior coordination of BWP switching between TRPs may cause latency in dynamic BWP switching.
To make it simple, a UE can always follow the BWP switching signaling from the default TRP which can be configured by higher layer so that it should not respond to other BWP switching signaling from other TRPs.
Proposal 14: For PDSCH scheduling for non-ideal backhaul scenarios,
· A UE always follows the dynamic BWP switching signaling from a default TRP. UE may not respond to dynamic BWP switching signaling from other TRPs.

Rate matching
Concerning rate matching, following agreement was achieved in RAN1#96.
Agreement
For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1#96bis
DMRS ports
Given a PDSCH, undoubtedly, the DMRS-based channel estimation plays an extremely important role in the coherent detection. Provided a DMRS pattern, the performance and accuracy of the channel estimation depend on the SINR on the DMRS REs. Therefore, the DMRS absolutely cannot be contaminated. To this end, a PDSCH from a TRP has to rate match around or puncture the constellation symbols on the DMRS REs from another coordinated TRP. In multi-PDCCH based multi-TRP transmission, if all the PDCCHs can be successfully detected, rate matching outperforms puncturing. If the reception of a PDCCH from a TRP fails, not only the corresponding PDSCH will be missed, but also the PDSCH scheduled by another PDCCH which may be successfully detected, cannot be correctly received, due to the UE’s unawareness of the rate match pattern around the DMRS of the missed PDSCH. At least for eMBB service, it is not the rare case. Therefore, it makes more sense for each TRP to puncture the symbols on the DMRS REs of another coordinated TRP. What is different for URLLC service, the aforementioned miss detection of PDCCH is so rare that it is better for a TRP to rate match around rather than directly puncture the DMRS REs of another TRP. Moreover, in order to guarantee the QoS of a URLLC-like service with higher priority, the TRP sending lower-priority service could also rate match its PDSCH (e.g., eMBB) around the overlapped REs with the highly prioritized PDSCH (e.g., URLLC). In a word, we propose a service dependent resource mapping mechanism as follows:
Proposal 15: Support service dependent resource mapping mechanism:
· If the two PDSCH have equal service priorities, e.g., eMBB + eMBB, each TRP punctures the symbols on the DMRS REs of another coordinated TRP.
· If two PDSCHs carrying data with different service priorities, e.g., eMBB + URLLC, the TRP transmitting data with lower priority is punctured around the DMRS REs and overlapped PDSCH REs with higher-priority service.
ZP/NZP CSI-RS
For periodic and semi-persistent CSI-RS, irrespective of ZP or NZP, each TRP should rate match its PDSCH around a combined CSI-RS pattern corresponding to all the coordinated TRPs.
Regarding aperiodic NZP CSI-RS, rate matching is not performed for single TRP transmission in Rel. 15. While for multi-TRP transmission, the behavior could be retained. For aperiodic ZP CSI-RS, rate matching is necessary. To this end, the pattern can be dynamically indicated in DCI.
Proposal 16: For periodic and semi-persistent CSI-RS, irrespective of ZP or NZP, each TRP should rate match its PDSCH around a combined CSI-RS pattern corresponding to all the coordinated TRPs.
Proposal 17: For aperiodic ZP CSI-RS, rate matching should be performed around ZP CSI-RS indicated in the scheduling DCI.
SSB
In multi-TRP transmission, different TRPs transmit different SSB patterns. Given a potential UE for multi-TRP transmission, each of its transmitting TRP should rate match the corresponding PDSCH around the combination of the SSB patterns of all the transmitting TRPs. To this end, it is different between intra-cell and inter-cell multi-TRP transmission. For intra-cell case, the coordinated TRPs transmit different SSB patterns in a TDM manner but in the same frequency. The combined SSB pattern can be indicated by a combined bitmap, e.g., ssb-PositionsInBurst. In the case of inter-cell case, the coordinated TRPs involved may transmit their separate SSBs in different frequency rasters. Instead of a combined bitmap, two separate bitmaps together with the corresponding frequency information are indispensable to represent the combined SSB pattern.
Proposal 18: For multi-TRP transmission, each TRP should rate match the corresponding PDSCH around the combination of the SSB patterns of all the coordinated TRPs.
lte-CRS-ToMatchAround
For a non-standalone (NSA) deployed NR system, a TRP has to rate match around the CRS of the LTE cells nearby. Likewise, if multi-TRP transmission is enabled, each TRP should rate match its PDSCH around the CRS of all the neighbor LTE cells of all the coordinated TRPs, including its own neighbor LTE cells and the neighbor LTE cells of another coordinated TRP.
Proposal 19:  For multi-TRP transmission, each TRP should rate match its PDSCH around the CRS of all the LTE cells of all the coordinated TRPs.
rateMatchPattern
In multi-TRP transmission, as discussed above, a component TRP needs to rate match around two categories of patterns, respectively corresponding to its own and another coordinated TRP. For a periodically configured rateMatchPattern, rate matching is carried out according to the indicated pattern. In an aperiodic rateMatchPattern case, the pattern is dynamically indicated by DCI. Thus, extending the bit width of the rate match indicator field or introducing a dedicated field, e.g., rate match indicator2, in DCI is necessary to indicate the rate match pattern of a coordinated TRP. Accordingly, high layer parameters, e.g., rateMatchPatternGroup3 and rateMatchPatternGroup4, should be configured in advance.
Proposal 20: Consider to extend the bitwidth of the rate match indicator field in DCI to indicate the rate match pattern of coordinated TRPs.

eMBB PDSCH transmission scheduled by single PDCCH
In RAN1 #96bis meeting, the following agreement on DMRS port indication was achieved for multi-TRP transmission scheduled by single PDCCH.
Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

[bookmark: _GoBack]Generally, the typical use case of multi-TRP transmission is for mobility, which is beneficial to cell-edge users. It is not reasonable to support MU-MIMO transmission for this case. But based on our simulation for indoor scenario [6], multi-TRP transmission can also increase throughput for cell-center users. Unfortunately, limited number of Tx antennas equipped per TRP for single-TRP transmission like DPS and indoor wireless channel environment are not friendly to MU-MIMO. Therefore, it is premature to support MU-MIMO transmission for multi-TRP. DMRS port indication for MU-MIMO for single-PDCCH scheduled multi-TRP transmission should be carefully studied and evaluated.
For DMRS type 1, it was agreed each TCI state corresponds to one CDM group. However, the details on association between TCI states and DMRS CDM groups have not been determined yet. The simplest way could be always mapping the 1st TCI state to the 1st CDM group and the 2nd TCI state to the 2nd CDM group.
For DMRS type 2, similar approach could be adopted. People may argue that there are cases with more than 2 CDM groups. In our understanding, these are mainly for cases with more than 5 layers, which is not the typical case for further performance enhancement. 
[bookmark: _Ref1055735]Proposal 21: For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 
· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.
· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 
· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.
· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.
For both DMRS type 1 and DMRS type 2 with 1 DMRS symbol, the DMRS port indication specified in Rel-15 can cover almost all cases. However, for 4 ports transmission for both DMRS type 1 and DMRS type 2 with 2 DMRS symbols, DMRS port indication only supports 2 DMRS ports in the 1st CDM group and 2 DMRS ports in the 2nd CDM group. To support flexible transmission, the case of 3 DMRS ports in the 1st CDM group and 1 DMRS ports in the 2nd CDM group should also be supported as depicted in Figure 1, which needs some additional entries in the DMRS table.



Figure 1: Examples of supporting flexible DMRS port mapping
[bookmark: _Ref1055736][bookmark: _Ref1059952]Proposal 22: Introduce DMRS ports combination (0, 1, 2, 4) and (0, 1, 2, 6) for DMRS type 1 and DMRS type 2 with 2 DMRS symbols respectively.

PUCCH for Multi-TRP
It should be clarified that whether PUCCH simultaneous transmission shall be discussed in Rel-16. If yes, what is the exact definition of multiple PUCCH simultaneous transmission? In our view, simultaneously transmitted PUCCHs should be configured fully overlapped in time domain with FDM or CDM, etc. Support of PUCCH simultaneous transmission should be UE capability.
Transmitting PUSCH and PUCCH to different TRPs at the same time could reduce the scheduling latency. At least for the following cases, simultaneous transmission and reception of PUCCH and PUSCH should be supported:
PUCCH  and PUSCH are FDMed but fully overlapped in the time domain
· FDMed resources could be simultaneously transmitted at least for OFDM based PUCCH and PUSCH
PUCCH and PUSCH are using different antennas
· Whether CDMed resources could be simultaneously transmitted may depend on whether the power backoff due to increased PAPR is balanced for the tradeoff
Proposal 23: Clarify definition of multiple PUCCH simultaneous transmission in Rel-16.

HARQ payload and feedback
In RAN1 NR_AH1901 meeting, the following agreements were achieved.
Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

In RAN1 #96 meeting, the following agreements on separate ACK/NACK payload /feedback for multi-DCI were achieved.
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  

In RAN1 #96bis, the following agreements on separate ACK/NACK payload /feedback for multi-DCI were further achieved.
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
· Above applies at least for FR1 

Agreement
For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

We further analyze the detailed solutions for separate ACK/NACK feedback and joint ACK/NACK feedback.
5 
5.1 
Separate HARQ feedback on different PUCCH resources
For the cases that a UE cannot support simultaneous PUCCH transmission, and TDMed PUCCH transmission within a slot for separate ACK/NACK for multiple TRPs, there is no need to explicitly configure multiple PUCCH resource groups with non-overlapping PUCCH resources between the groups which would need further specification efforts to define PUCCH resource groups, which can be instead implemented as Alt 2 by implicit configuration to ensure TDM PUCCH resources among multiple TRPs. However, if PUCCH resources configured by the network may be overlapped among multiple TRPs as Alt 3, rules can be defined to help the UE select non-overlapping PUCCH resources from the configured PUCCH resource sets or drop one of the HARQ-ACK.
Proposal 24: For TDMed PUCCH transmission within a slot for separate ACK/NACK, following alternatives for PUCCH resource configurations are preferred:
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs, it is up to UE to select non-overlapping PUCCH resources from the configured PUCCH resource sets or drop one of the HARQ-ACK.

HARQ overlapping with SR/CSI
As for overlapped multiple UCIs, Rel-15 NR has already defined sophisticated rules to multiplex UCI and select PUCCH resources to transmit the corresponding UCI.
In Rel-15 when HARQ-ACK PUCCH overlaps a SR PUCCH, to simply state
If a positive SR in PUCCH format 1 and HARQ-ACK in PUCCH format 1 overlap, the UE transmits HARQ-ACK in the SR PUCCH resource.

Otherwise, the positive SR is dropped when SR in PUCCH format 0 and HARQ-ACK in PUCCH format 1, or the positive SR or  bits representing K SR states are multiplexed with HARQ-ACK bits and transmitted in HARQ-ACK PUCCH.
In Rel-15 when HARQ-ACK PUCCH overlaps a CSI PUCCH, to simply state
If HARQ-ACK is for SPS PDSCH, the HARQ-ACK is multiplexed with CSI and transmitted in the CSI PUCCH.
Otherwise, if the HARQ-ACK is for dynamic scheduled PDSCH, HARQ-ACK and CSI is multiplexed and transmitted in a suitable PUCCH resource selected from the PUCCH resource set.
For multi-TRP, when a SR/CSI PUCCH overlaps multiple TDMed PUCCHs for separate HARQ-ACK simultaneously, there is no problem if the SR/CSI is transmitted in the HARQ-ACK PUCCH. Nevertheless, rules should be defined to avoid multiplexing multiple HARQ-ACK payloads for different TRPs with a single SR/CSI and transmit on the SR/CSI resource.
Proposal 25: Solutions should be considered to deal with multiplexing multiple HARQ-ACK payloads for different TRPs with a single SR/CSI and transmit on the SR/CSI resource.
In Rel-16, UE could conduct the multiplexing and resource selection within a single TRP as Rel-15 and then deal with the PUCCH transmission across different TRPs.
For the cases when UE is indicated to transmit on the overlapping PUCCH resources that UE could not simultaneously transmit, corresponding priority rules should be defined. Such dropping behavior is not only useful for multi-TRP scenarios but also for intra-UE multiplexing of URLLC and eMBB where such priority rules could be used to drop UCI of the low priority services. Specifically, priority criteria can be based on service types, associated TRPs of the PDSCHs, etc.
[bookmark: _Ref1055760]Proposal 26: For the cases when UE is indicated to transmit on the overlapping PUCCH resources that UE could not simultaneously transmit,
· UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules.
DAI indication may also need to be clarified. Even for separate codebook, it is still possible to use joint DAI for ideal backhaul scenarios. RRC signaling could be used to indicate how the DAI is counted.
[bookmark: _Ref1055761]Proposal 27: Support to use RRC to signal to UE whether DAI is jointly counted or independently counted across different TRPs.

Joint HARQ feedback on the same PUCCH resources
Joint HARQ A/N feedback could be supported for multi-PDCCH based multi-TRP transmission for the following reasons:
As we discussed previously, multiple PDCCHs may not only be applicable for the non-ideal backhaul scenarios but also for ideal backhaul scenarios. For ideal backhaul, joint HARQ ACK feedback is obviously a useful solution. 
For non-ideal backhaul, there are also different options:
· Semi-static joint HARQ codebook could be used to jointly feedback the ACK/NACK; 
· Dynamic HARQ codebook could be used if there is enough time to coordinate between different TRPs.
To support joint HARQ A/N feedback, the corresponding encoding mechanism needs to be further enhanced. Targeting different TRPs may require the UE to transmit at different code-rate for different A/N feedback. 
For semi-static codebook, additional rules may also need to be defined regarding how to arrange the feedback A/N bits for different TRPs.
[bookmark: _Ref1055763]Proposal 28: Joint HARQ feedback is supported for multi-PDCCH based multi-TRP transmission.
· Joint semi-static codebook could be further enhanced to transmit A/N bits for different TRPs;
· Separate encoding of the payload targeting different TRPs could also be supported.
For multi-TRP with URLLC, multiple PDSCHs could be used to transmit the same TB. For ideal backhaul cases, these ACK/NACK bits could be combined together and reported to the network. Such combination may be dependent on the timeline of the PDSCH reception, PUCCH feedback and actual PUCCH resource selected by the DCI. For example, when the indicated PUCCH is within two slots, it may not be necessary to further combine the ACK/NACK bits. But if they are overlapped, the corresponding ACK/NACK bits could be combined to save the overhead.
Proposal 29: Support A/N bits combination of the same TB indicated by different TRPs.
· Whether the A/N bits is combined or not is based on the timing relation between indicated PUCCH resources;
· DAI counting and A/N codebook design should take those issues into account.
PUCCH power control
In Rel-15, for single-TRP transmission scenario, the selection of PUCCH power control parameters are relied on PUCCH beam indication. For one PUCCH transmission, P0 set, pathloss reference RS set and closed-loop adjustment states set for are configured by RRC, beam indication is carried by MAC CE. The linkage between PUCCH power control parameters and MAC CE field are also configured by RRC. Once a PUCCH beam indication is activated, the corresponding PUCCH power control parameter P0, pathloss reference RS and closed-loop adjustment state will be determined.
For more than one PUCCH transmission in multi-TRP transmission scenario, both FR1 and FR2 should be taken into account, it is not reasonable to just use one set of power control parameters for all PUCCHs. Since different PUCCHs may be corresponding to different TRPs, independent power control parameters for different PUCCHs are really needed to cope with different channel environments. In addition, to align with current PUCCH power control framework, using different PUCCH beam indications to indicate different PUCCH power control parameters for different PUCCH transmissions should be supported. 
For TPC command carried by DCI format 1_0/1_1, as discussed above, the association between PUCCH and CORESET can be used to indicate which PUCCH closed-loop power control shall be applied. However, for TPC command carried by DCI format 2_2, different PUCCH transmissions can apply different TPC commands by different closed-loop adjustment states. Based on above principles, different PUCCH transmissions can implement independent closed-loop power controls.
Proposal 30: For multi-TRP transmission, independent power controls for different PUCCH transmissions are supported.

CSI Report for Multi-TRP
In previous discussion, the following issues are raised
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
One of the focus is whether joint CSI reporting or separate CSI reporting should be used. In our understanding, periodic/semi-persistent CSI reporting are based on higher layer configured resources and they do not suffer from latency constraint. Periodic CSI report may be a long term report and tolerant for some latency. For aperiodic CSI report, separate CSI reporting may be well justified for fast channel acquisition and AMC adjustment. Thus we think both separate CSI reporting and joint CSI reporting should be supported.
Furthermore, ideal backhaul is also one of the use cases for multi-PDCCH based transmission. Joint CSI reporting could be used by the network for scheduling. The joint CSI may also be useful when the same information is needed both for the two TRPs.
[bookmark: _Ref1055775]Proposal 31: Joint CSI reporting and separate CSI reporting should both be supported. 

Conclusion
In this contribution, we have the following observation and proposals for multi-TRP transmission.
Observation1：The baseline scheme (SFN+CDD) performs similar as or better than Scheme 2a and 2b under all conditions agreed in the simulation assumptions.

Proposal 1: CORESETs can be configured into CORESET groups per BWP in RRC signaling, each of which is associated with a TRP.
Proposal 2: Some fields in PDCCH-Config IE can be extended to map to multiple TRPs with separate configurations.
Proposal 3: Some fields including dataScramblingIdentityPDSCH in PDSCH-Config IE can be extended to map to multiple TRPs with separate configurations.
Proposal 4: Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.
Proposal 5: Maximum number of CORESETs per BWP should be increased up to N = 5 or 6. 
Proposal 6:  Study any enhancement to avoid higher PDCCH blocking rate when the maximum number of CORESETs per BWP increased up to N > 3.
Proposal 7: Consider further enhancement of BD/CCE upper limit for multi-PDCCH based multi-TRP transmission.
Proposal 8: Multi-DCI based PDSCH repetition schemes should be enabled for multi-TRP based URLLC transmission.
Proposal 9: Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
· For simultaneously received PDSCHs, UE could perform soft combination of the two PDSCHs.
· UE may feedback a combined A/N based on the indicated PUCCH resources in the scheduling DCI.
Proposal 10: Support none of scheme 2a or 2b.
Proposal 11: Multi-TRP-based PDSCH repetition for DL URLLC can follow the discussion on PUSCH enhancements for URLLC with specific issues related to multi-TRP-based PDSCH repetition. 
· Similar issues as PUSCH enhancement including PDSCH repetition configuration, splitting of a repetition across the slot boundary or DL/UL switching point, TBS determination when a repetition is split, etc.
· PDSCH repetition-specific issues such as TCI indication per PDSCH repetition, etc.
Proposal 12: For fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul scenarios, PDSCH with different mapping types, i.e. A + B should be restricted.
Proposal 13: PRG-level grids from multiple TRPs are not necessarily aligned if the UE is scheduled by fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul.
Proposal 14: For PDSCH scheduling for non-ideal backhaul scenarios,
· A UE always follows the dynamic BWP switching signaling from a default TRP. UE may not respond to dynamic BWP switching signaling from other TRPs.
Proposal 15: Support service dependent resource mapping mechanism:
· If the two PDSCH have equal service priorities, e.g., eMBB + eMBB, each TRP punctures the symbols on the DMRS REs of another coordinated TRP.
· If two PDSCHs carrying data with different service priorities, e.g., eMBB + URLLC, the TRP transmitting data with lower priority is punctured around the DMRS REs and overlapped PDSCH REs with higher-priority service.
Proposal 16: For periodic and semi-persistent CSI-RS, irrespective of ZP or NZP, each TRP should rate match its PDSCH around a combined CSI-RS pattern corresponding to all the coordinated TRPs.
Proposal 17: For aperiodic ZP CSI-RS, rate matching should be performed around ZP CSI-RS indicated in the scheduling DCI.
Proposal 18: For multi-TRP transmission, each TRP should rate match the corresponding PDSCH around the combination of the SSB patterns of all the coordinated TRPs.
Proposal 19:  For multi-TRP transmission, each TRP should rate match its PDSCH around the CRS of all the LTE cells of all the coordinated TRPs.
Proposal 20: Consider to extend the bitwidth of the rate match indicator field in DCI to indicate the rate match pattern of coordinated TRPs.
Proposal 21: For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 
· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.
· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 
· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.
· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.
Proposal 22: Introduce DMRS ports combination (0, 1, 2, 4) and (0, 1, 2, 6) for DMRS type 1 and DMRS type 2 with 2 DMRS symbols respectively.
Proposal 23: Clarify definition of multiple PUCCH simultaneous transmission in Rel-16.
Proposal 24: For TDMed PUCCH transmission within a slot for separate ACK/NACK, following alternatives for PUCCH resource configurations are preferred:
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs, it is up to UE to select non-overlapping PUCCH resources from the configured PUCCH resource sets or drop one of the HARQ-ACK.
Proposal 25: Solutions should be considered to deal with multiplexing multiple HARQ-ACK payloads for different TRPs with a single SR/CSI and transmit on the SR/CSI resource.
Proposal 26: For the cases when UE is indicated to transmit on the overlapping PUCCH resources that UE could not simultaneously transmit,
· UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules.
Proposal 27: Support to use RRC to signal to UE whether DAI is jointly counted or independently counted across different TRPs.
Proposal 28: Joint HARQ feedback is supported for multi-PDCCH based multi-TRP transmission.
· Joint semi-static codebook could be further enhanced to transmit A/N bits for different TRPs;
· Separate encoding of the payload targeting different TRPs could also be supported.
Proposal 29: Support A/N bits combination of the same TB indicated by different TRPs.
· Whether the A/N bits is combined or not is based on the timing relation between indicated PUCCH resources;
· DAI counting and A/N codebook design should take those issues into account.
Proposal 30: For multi-TRP transmission, independent power controls for different PUCCH transmissions are supported.
Proposal 31: Joint CSI reporting and separate CSI reporting should both be supported. 
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