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Introduction
In the previous RAN1 #96 meeting, multi-TRP/panel transmission for NR was discussed and several agreements were made as follows [1]:
	Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

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.

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

Agreement
For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
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.
Include in LS to RAN2
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.  
Include in LS to RAN2
Agreement (from email discussion)
To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are 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



In this contribution, we share our views on enhancements for multi-TRP/panel transmission considering the previous agreements and objectives of WI for NR MIMO enhancements in Rel-16 NR. 
Discussion
2.1 Single DCI based NCJT
In the previous meeting, enhancement for TCI indication framework was agreed. If multiple TCI states are indicated in single DCI based NCJT, it is necessary to define relationship between TCI state and DMRS port(s). For this, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI can be considered. For example, if the code point 000 of the TCI state field indicates {TCI state A, TCI state B}, the first TCI state, i.e., TCI state A, corresponds to the DMRS port(s) included in the first CDM group, i.e., CDM group #0, and the second TCI state, i.e., TCI state B, corresponds to the DMRS port(s) included in the second CDM group, i.e., CDM group #1 for DMRS type 1. In case of DMRS type 2, since there are three CDM groups, two specific CDM groups should correspond to one TCI state. For example, the first TCI state, i.e., TCI state A, corresponds to the DMRS port(s) included in the first CDM group, i.e., CDM group #0, and the second TCI state, i.e., TCI state B, corresponds to the DMRS port(s) included in the second/third CDM group, i.e., CDM group #1/#2. If one TCI state is mapped to one CDM group in case of DMRS type 2, then it limits layer combination for NCJT. Specifically, when # of front load DMRS symbol is one, max layer per TRP is limited by 2.
Proposal 1: Regarding relationship between TCI state and DMRS port(s) for the case of two TCI states indication, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI should be considered. For DMRS type 2, the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2
Considering multi-TRP transmission, different TRPs can have different optimal ranks. Therefore, it should be considered that the enhanced DMRS table can indicate various combinations of rank for different TRPs in single DCI based NCJT. The detail proposals for the enhancement are described in our companion contribution [2]. In addition, there are several reserved values in the current DMRS table for 2 CWs case. Considering that different CWs would be mapped to different TRPs, the reserved values can be used to indicate both new CW-to-layer mapping and the corresponding DMRS ports in order to support best ranks in different TRPs. That is, enhancements of CW to layer mapping and corresponding DMRS indication table can be considered. In the current specification, only single CW is supported when the number of layers is lower than 5. Single DCI based NCJT can also be considered even under 4 layers. In this case, independent layers from two different TRPs are transmitted by a single CW. However, layers from different TRPs can be transmitted through very different multi-paths. It causes performance degradation because one MCS is set for multiple layers transmitted from different TRPs. In order to properly reflect geometry difference between two TRPs into MCS, two CW for 3 and 4 layers is necessary. To support two CW transmission for NCJT with 3 and 4 layers, we can introduce one to one mapping between DMRS port group to codeword [3]. Specifically, indicated DMRS ports in ith DMRS port group are used to transmit ith CW. Also, when two CWs are enabled, in current specification, DMRS ports corresponding to the two CWs are mixed in the same CDM group, which is not aligned with agreement on multi-TRP transmission. To address this issue, DMRS port re-ordering was discussed and a simple reordering method was described in [4].
Proposal 2: For single DCI based NCJT, two CW transmission with 3 and 4 layers and DMRS port reordering for two CWs should be supported.

2.2 Multiple DCI based NCJT
· Remaining issues on partially/fully overlapped resource allocation
In case of partially overlapped resource allocation, UE experiences the high level of interference fluctuation. Specifically, in Figure 1, PDSCH 1 suffers different level of interference in RB group A and RB group B. In RBG A, PDSCH 1 suffers SU-MIMO inter-layer interference from PDSCH 2 which is strong but, in RBG B, PDSCH 1 suffers conventional inter-cell interference which causes random interference beam to UE 1. Considering this interference fluctuation between RBG A and B,  data RE mapping of PDSCH 1 can be determined to improve retransmission efficiency. In case of CBG level ACK/NACK, it is better for each CB to be localized in either RBG A or B so that different CB suffers different level of interference. In this way, TRP can only transmit NACK CB experiencing high interference probably in RBG A. On the other hand, in case of TB level ACK/NACK, it is desirable for each CB to be distributed in RBG A and B so that overall ACK probability increases. When backhaul delay is low, a TRP can share another TRP’s resource allocation and determine coded bits are distributed to RBG A and B or localized in either RBG A or B.
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Figure 1. An example of partially overlapped resource allocation
Proposal 3: In case of partial overlapped resource allocation, the following PDSCH RE mapping can be considered: for CBG level ACK/NACK, each CB is localized in either overlapped RB group or non-overlapped RB group and for TB level ACK/NACK, each CB is distributed in overlapped RB group and non-overlapped RB group.
Also, we need to look at the impact of different PRB bundling size of 2 TRPs. Figure 2 shows an example of PRG=4 for TRP 1 and PRG=2 for TPR 2. In Figure 2, when decoding PDSCH 1 allocated in one PRG (i.e., 4RBs), UE needs to calculate two different interference covariance matrixes to determine MMSE Rx filter; one for RB 1 and 2 and another for RB 3 and 4 since precoder of PDSCH 2 for RB 1 and 2 is different from precoder of PDSCH 2 for RB 3 and 4. If UE calculates single interference covariance matrix for the PRG in this case, inter-layer interference is not mitigated enough since Rx filter is not optimized. 
As described in Figure 2, it increases UE complexity to calculate multiple interference covariance matrixes in each PRG when PRG is small such as 2 or 4. Meanwhile, when PRG is WB, UE may need multiple interference covariance matrixes even in a PRG for IRC performance. In order for UE to calculate single interference covariance matrix in each PRG when PRG=2 or 4, precoding of PDSCH 2 should be the same in each PRG of PDSCH 1. To ensure this condition, the following alternatives can be considered.
· Alt 1: when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG.
· Alt 2: when PRG of a PDSCH is 2 or 4, PRG of another fully/partially overlapped PDSCH should be the same. 
The different between Alt 1 and Alt 2 is scheduling flexibility. In Alt 1, available combinations of  PRGs of two PDSCH are (2,2), (2,WB), (4,4), (4,WB) and (WB,WB) but, in Alt 2, (2,2), (4,4) and (WB,WB) are possible. Also, in Alt 1, dynamic switching of PRG value is possible in non-ideal backhaul scenario. For example, when TRP 1 dynamically configures PRG={4, WB}, TRP 2 can dynamically configure PRG={4, WB}. On the other hand, dynamic switching of PRG value is not possible for Alt 2 in non-ideal backhaul scenario. Therefore, our preference is Alt 1. 
According to current specification, code point 0 of 1 bit PRB bundling size indicator in DCI can be semi-static configured by 4 or WB and code point 1 can be semi-static configured by 4, WB, 2/WB or 4/WB. Therefore, 1 bit PRB bundling size indicator can select one of (4, WB), (4, 2/WB), (4, 4/WB), (WB, 4), or (WB, 2/WB). If the network does not semi-statically configure 4 for code point 0 and 2/WB for code point 1, Alt 1 is satisfied.
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Figure 2. An example of NCJT with different PRG between 2 TRPs
Even if either Alt 1 or Alt 2 is satisfied, UE still needs to calculate multiple covariance matrixes in case of resource allocation type 1, as described in Figure 3. In Figure 3, even though precoder of PDSCH 2 is the same for RB 2, 3 and 4, PDSCH 2 is not transmitted for RB 1. As a result, when decoding PDSCH 1 allocated in one PRG (i.e., 4RBs), UE needs to calculate two different interference covariance matrixes to determine MMSE Rx filter. Therefore, In order for UE to calculate single interference covariance matrix in each PRG when PRG=2 or 4, one more condition should be satisfied on top of either Alt 1 or Alt 2. The condition is that when PRG of a PDSCH is 2 or 4, allocated resource of the full/partially overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG. Note that in case of type 0 resource allocation, RBG is always equal or greater than PRG if PRG=2 or 4, so this issue is not found.
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Figure3. An example of NCJT with the same PRG in type 1 resource allocation
Proposal 4: In case of partially/fully overlapped resource allocation, when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG and allocated resource of the overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG.
Regarding resource allocation type for two TRP, type A+A should be supported. Considering that type B is introduced mainly for URLLC, benefits are not clear to support type B+B for eMBB NCJT transmission. Also, we don’t see the need to support type A+B since A+A is the superset of A+B due to the agreement that DMRS symbol location should be the same between two TRPs. Specifically, in case of A+B, possible front loaded DMRS symbol for type A is {2, 3} so the start symbol of type B PDSCH is limited from {0,1,2,…,12} to {2, 3}. Also, type A supports more flexible symbol duration than type B. In other words, time domain resource allocation flexibility of type B is limited due to restriction of the same DMRS location. Therefore, A+A allows more flexible time domain resource allocation than A+B.
Proposal 5: Support resource allocation type A + type A for NCJT transmission.

· Configuration and monitoring of multiple PDCCH
According to current agreement, maximum number of NCJT TRP is 2 and one CORESET in a “PDCCH-config” corresponds to one TRP. As a result, two of three CORESETs can be used for NCJT and remaining one can be used for other purposes such as broadcast/multicast transmission. If more than three CORESETs are supported, it provides more network flexibility but it seems not clear to us that increasing the maximum number of CORESETs is critical since maximum number of NCJT TRP is limited by 2. Also, increasing the number of CORESETs is not that simple in terms of impacts on UE because it requires more blind detections, maintaining more beams for receiving DCI, maintaining more CSI-RS measurements for QCL, etc. In addition, it may have impacts on HARQ and other DL control related aspects because Rel-15 has been designed based on the limitation of ‘up to three CORESETs per BWP’. In addition, it is also important to keep the same or similar level of UE complexity in terms of the number of blind decodings/CCEs compared with Rel-15 because it is critically related to UE power consumption.
Proposal 6: Keep the same maximum number of CORESETs per BWP. i.e., 3, and the same maximum number of BDs and CCEs.

· ACK/NACK feedback  
Multiple DCI based NCJT can be supported regardless of backhaul delay and depending on backhaul delay different ACK/NACK feedback can be considered. For large backhaul delay, separate ACK/NACK feedback is necessary and in this case there are several issues. 
The first issue is how UE to differentiate TRP and generate dynamic/semi-static codebook per TRP. In the last meeting, it was agreed that one CORESET corresponds to one TRP, so UE differentiates TRP based on CORESET. For example, 3 CORESETs are configured and TRP 1 uses 1st and 2nd CORESET and TRP 2 uses 3rd CORESET. In order to generate dynamic/semi-static codebook per TRP, UE should know 1st and 2nd CORESET corresponds to the same TRP and 3rd COERSET corresponds to different TRP. To this end, gNB can inform CORESET grouping to UE, e.g. 1st and 2nd CORESET are in group 1 and 3rd CORESET is in group 2, and UE generates codebook per CORESET group. Specifically, 1st codebook corresponding to TRP 1 contains ACK/NACK for PDSCH scheduled by PDCCH from CORESET(s) in CORESET group 1 and 2nd codebook corresponding to TRP 2 contains ACK/NACK for PDSCH scheduled by PDCCH from CORESET(s) in CORESET group 2. 
Proposal 7: UE should be able to separate ACK/NACK codebooks for TRP 1 and TRP 2, based on CORESET group indicated by gNB.
The second issue is how to multiplex multiple PUCCH containing ACK/NACK in the same slot. In large backhaul delay case, TRP 1 and TRP 2 schedule PUCCH for PDSCH ACK/NACK, independently, so the two PUCCHs can be scheduled in the same slot. In this case, symbol level TDM between the two PUCCHs should be considered. In addition, TDM should be supported regardless of PUCCH format such as long PUCCH (e.g. 7 symbols) + long PUCCH (e.g. 7 symbols), which is not supported in Rel-15. As a result, two TRPs have same level of flexibility. 
In addition, if PUCCH resource sets for TRP 1 and those for TRP 2 can be configured separately, each TRP can have enough number of PUCCH resource candidates. Specifically, one or multiple PUCCH resource sets are configured for TRP 1 and another PUCCH resource set(s) are configured for TRP 2. Depending on which CORESET group DCI is detected in, UE can determine the PUCCH resource set. 
Proposal 8: Symbol level TDM between ACK/NACK PUCCH for TRP 1 and that for TRP 2 should be supported in the same slot. 
If the two PUCCHs can collide in the same OFDM symbol, one of them is transmitted based on priority. For example, one TRP’s PUCCH is prior to another TRP’s PUCCH or PUCCH to report A/N codebook with higher DAI has higher priority. Furthermore, if backhaul delay is small, gNB can enable piggyback of A/N information and in this case A/N information of dropped PUCCH can piggyback to the reported PUCCH and shared through backhaul link.
Proposal 9: If ACK/NACK PUCCH for TRP 1 and that for TRP 2 collide in the same OFDM symbol, one of the two is transmitted based on priority rule and gNB can indicate whether A/N information of dropped PUCCH can piggyback to the reported PUCCH.
If a PUCCH and a PUSCH for different TRPs are allocated in the same OFDM symbol, rather than dropping whole PUSCH, it seems better to puncture the overlapped PUSCH symbol(s) if one or two symbol(s) is overlapped and the PUSCH length is sufficiently long (e.g. 10~14 symbols). In this way, TRP possibly succeeds in decoding PUSCH especially when high SINR or low code rate. Or it is also considerable to drop PUCCH and piggyback A/N on PUSCH if backhaul delay is small. In case of large backhaul delay, the piggybacked A/N information is not useful for both TRPs and it only waists PUSCH REs and UE Tx power, therefore, whether or not to piggyback A/N to PUSCH should be configured by gNB, which may be decided based on the backhaul condition. When PUCCH for A/N and PUSCH for CSI for different TRPs share the same OFDM symbol, A/N has priority in the same way.
Proposal 10: When a PUCCH and a PUSCH for different TRPs collide in the same OFDM symbol, 
· if the portion of overlapped symbols is small with regard to the PUSCH length, the overlapped PUSCH symbol(s) is punctured and both PUCCH and the punctured PUSCH are transmitted.
· otherwise, PUCCH is dropped. The A/N information shall or shall not be piggybacked on the PUSCH based on gNB configuration.
For ideal/small backhaul delay, joint ACK/NACK feedback is possible, which is simpler than separate ACK/NACK feedback. In this case, encoding order for semi-static codebook should be defined considering multiple TRPs. For example, ACK/NACK is encoded per TRP and then ACK/NACK bits for TRP 1 and that for TRP 2 are concatenated.
Proposal 11: For ideal/small backhaul delay, joint ACK/NACK feedback can be considered and encoding order for semi-static codebook should be defined considering multiple TRPs.

2.3 CSI enhancement
Regardless of single or multiple DCI based NCJT, we see the need of CSI enhancement to harvest potential NCJT performance improvement. Since it cannot be guaranteed that beam separation from multiple TRPs are perfect, inter-TRP interference should be captured in CSI similar to LTE feCoMP CSI. If conventional CSI is reported for NCJT transmission, gNB should compensate those CSI taking into account inter-TRP interference. However, the reported RI/PMI/CQI is calculated assuming single TRP transmission, gNB hardly recalculates accurate NCJT CSI based on this single TRP based CSI.
In Rel-15, NZP CSIRS based IMR is introduced for interference measurement enhancement. This feature is appropriate to reflect intra-cell MU-MIMO interference in CSI but it has a limitation to reflect NCJT interference with the following reasons. First of all, it requires tight coordination between TRPs. When one TRP triggers AP CSI reporting, another TRP transmits port wised beamformed NZP CSIRS, which is used as IMR to calculate the AP CSI. However, when backhaul delay is large, tight coordination to do this seems not feasible. In addition, without tight coordination, another TRP can finally determine rank/precoder which is different from those applied to the NZP CSIRS based IMR. Secondly, if NZP CSIRS based IMR is used to measure NCJT interference, UE reports suboptimal NCJT CSI, even in ideal backhaul. This is because CSI for TRP 1 and CSI for TRP 2 are not jointly calculated. In other words, rank/PMI for TRP 1 is determined prior to CSI calculation for TRP 2, even though CSI for TRP 2 also influences optimal rank/PMI for TRP 1.
To reflect NCJT inter-TRP interference, UE jointly calculates RI1/PMI1/CQI1 (CSI 1) for TRP1 and RI2/PMI2/CQI2 (CSI 2) for TRP2. Specifically, UE measures H1 (DL channel from TRP 1) from CSIRS 1 and H2 (DL channel from TRP 2) from CSIRS 2. Then, UE derives CQI 1 assuming H1/RI1/PMI1 as desired channel/rank/precoder and assuming H2/RI2/PMI2 as interference channel/rank/precoder. Similarly UE derives CQI 2 assuming H2 as desired channel and H1 as interference channel.  Finally, UE choose RI1/PMI1/CQI1 and RI2/PMI2/CQI2, in which NCJT inter-TRP interference is reflected.
Proposal 12: To harvest potential NCJT performance improvement, CSI enhancement reflecting inter-TRP interference should be supported.
After calculating CSI 1 and CSI 2, they can be jointly encoded or separately encoded. When backhaul delay is small, they can be jointly encoded and reported to one TRP, and then shared with another TRP. When backhaul delay is large, the jointly encoded CSI is reported to each TRP through its PUCCH/PUSCH or the separated encoded CSI is reported to corresponding TRP through its PUCCH/PUSCH.

2.4 Reliability/robustness enhancement 
Four schemes identified in the last meeting for supporting URLLC in multi-TRP transmission have different pros and cons as follows. 
· Scheme 1 (SDM)/ Scheme 2 (FDM)
Since the UE can simultaneously receive signals transmitted from different TRPs, the time required for repeated transmission does not increase, i.e., it is beneficial for ‘low latency’. These approaches may not be applicable to FR2 because the UE Rx beams for different TRPs can be different especially for one panel UE. 
· Scheme 3/4 (TDM)
One of the major benefits of this scheme is the applicability to both FR1 and FR2 since single QCL assumption is applied to each symbol. This approach however could increase latency compared to scheme 1/2. Since Rel-15 supports slot aggregation for URLLC, scheme 4 would have very low specification impact, and can be considered as a starting point.
As described above, each scheme has different advantages and disadvantages, and we should note that combination(s) of multiple schemes will improve reliability more (e.g. TDM+SDM). Therefore, multiple schemes should be supported in the specification so that gNB can have flexibility on which scheme to apply. For example, scheme 1 or scheme 2 can be configured for the supporting of low latency, and scheme 3 or scheme 4 can be configured for one panel UE in FR 2. 
Proposal 13: At least TDM based scheme should be supported for one panel UE in FR 2 and at least one of FDM/SDM based scheme should be supported for latency reduction. Also, several schemes can be applied simultaneously.
For scheme 1, three schemes were discussed in the last meeting; scheme 1a and 1b is based on non-SFN transmission and scheme 1c is based on SFN transmission with channel estimation enhancement. Evaluation results for scheme 1 can be found in [5].
In conventional SFN transmission, multiple TRPs transmit the same TB with the same single layer and UE derives QCL properties (e.g., Doppler shift, Doppler spread, average delay, delay spread) from QCL RS that multiple TRPs transmit at the same time and uses them to estimate channel from single DMRS port. However, it may not provide proper QCL properties for accurate channel estimation since each TRP’s different QCL properties are averaged when UE derives them from single QCL RS. For example, UE experiences Doppler frequency +fd and -fd from TRP 1 and TRP 2, respectively, but what UE derives from QCL RS is zero Doppler shift, resulting in suboptimal channel estimation filter. Another pain-point of SFN transmission based on current NR framework is that it requires additional SFNed CSI-RS resources dedicated for SFN transmission. In case of three TRPs, four additional CSI-RS resources need to be transmitted for SFN transmission (i.e. one for TRP A+B, one for TRP B+C, one for TRP A+C, one for TRP A+B+C) on top of three CSI-RS resources for TRP-specific transmission, i.e., one for each TRP. If we consider SFN transmission across multiple beams/panels of a single TRP in addition to SFN across multiple TRPs, the required number of CSI-RS resources will be exponentially increased.
Observation 1:  SFN transmission based on Rel-15 requires additional SFNed CSI-RS resources, one for each possible combination of TRPs/panels/beams to be involved in the SFN transmission. 
In order to improve channel estimation performance and not to increase CSI-RS overhead in SFN transmission, in scheme 1c, UE is configured with two TCI states corresponding TRP 1 and TRP 2, respectively. UE derives QCL properties of TRP 1 from the first TCI state and uses them to estimate channel from DMRS port 1 of TRP 1 and derives QCL properties of TRP 2 from the second TCI state and uses them to estimate channel from DMRS port 2 of TRP 2. Then, UE combines the two estimate channel and generates SFN channel that single data layer is transmitted through. Also, DMRS overhead can be further reduced by configuring single DMRS port instead of two ports. Specifically, UE can be configured with a single DMRS port that TRP 1 and TRP 2 transmits at the same time, and estimate SFN channel from the single DMRS port, where the large scale properties can be calculated and combined from two different measurements from two QCL RSs. How to combine large scale parameters may be up to UE implementation, therefore, gNB only needs to inform two QCL RSs to the UE for the single layer SFN transmission.
Proposal 14: For SDM based URLLC enhancement, scheme 1c for multi-TRP/panel URLLC can be considered. 
Regarding scheme 2, multi-PDCCH based multi-TRP/panel transmission seems more appropriate because the RA, DMRS port(s), and TCI state(s) can be independently indicated through each DCI. For multi-PDCCH based signaling, it needs to be indicated whether the PDSCHs scheduled through different PDCCHs are from the same TB or not. For this purpose, the PDCCH for the same TB may be masked by a specific RNTI, or a DCI field can be defined. In addition, single PDCCH based multi-TRP/panel transmission can also be considered. In this approach, some dependency on each frequency RA should be considered due to the limited DCI payload. One possibility is to use existing MCS/NDI/RV field for TB2 as the second RA field given that 2CW is usually not considered for URLLC. Another possibility is to use conventional RA field and split allocated RBs based on predetermined rule. For example, allocated RBs can be split with comb pattern at least in PRG level grid.
Proposal 15: For FDM based URLLC enhancement, multi-PDCCH based multi-TRP/panel transmission should be considered.
Regarding scheme 3/4, scheme 4 should be prioritized over scheme 3 because scheme 4 is based on Rel-15 design. In Rel-15, it is already possible to perform repetitive transmission of the same TB in consecutive slots by slot aggregation. When performing repetitive transmission, multi-TRP transmission can be performed by adding a method of changing the TCI state for different slots. A straight forward approach is to allow indication of multiple TCI states where each TCI state is applied to a slot group. For example, in case of 4 slot aggregation, 2 TCI states can be indicated by DCI where each TCI state is applied to 2 slots respectively. It needs to be further discussed on the maximum number of TCI states, TCI signaling method (e.g. explicit and/or implicit), and the mapping of each TCI state to each slot group.
In scheme 3, channel interpolation across mini-slots corresponding the same TCI state can be considered since channel is likely to vary slightly across mini-slots when symbol duration between mini-slots is short. Furthermore, shifting DMRS CDM group across mini-slots can be considered in order to improve channel estimation performance. Also, if the channel is almost static across mini-slots, PDSCH REs can be mapped into some of DMRS REs in some DMRS symbols, resulting in improving data reliability with more coding gain.
Proposal 16: For scheme 4, each of indicated/pre-configured TCI states can be applied to the indicated/pre-configured slot group(s).
Proposal 17: For scheme 3, channel interpolation across mini-slots corresponding the same TCI state can be considered.
Single data layer transmission from each TRP should be baseline to achieve URLLC requirement as was in Rel-15 URLLC. Even when SINR is high and multi-rank transmission is possible, multi-layer transmission causes inter-layer interference due to imperfect CSI and channel impairment and results in reducing reliability. Unless the gain of multi-layer transmission with respect to reliability and latency is proved, single layer transmission should be a primary focus of this item.
Proposal 18: For multi-TRP/panel URLLC, single data layer transmission from each TRP should be the primary focus to achieve URLLC requirement.
Conclusion
In this contribution, we discuss on multi-TRP/panel transmission and propose the following based on the discussion.
Proposal 1: Regarding relationship between TCI state and DMRS port(s) for the case of two TCI states indication, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI should be considered. For DMRS type 2, the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2
Proposal 2: For single DCI based NCJT, two CW transmission with 3 and 4 layers and DMRS port reordering for two CWs should be supported.
Proposal 3: In case of partial overlapped resource allocation, the following PDSCH RE mapping can be considered: for CBG level ACK/NACK, each CB is localized in either overlapped RB group or non-overlapped RB group and for TB level ACK/NACK, each CB is distributed in overlapped RB group and non-overlapped RB group.
Proposal 4: In case of partially/fully overlapped resource allocation, when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG and allocated resource of the overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG.
Proposal 5: Support resource allocation type A + type A for NCJT transmission.
Proposal 6: Keep the same maximum number of CORESETs per BWP. i.e., 3, and the same maximum number of BDs and CCEs.
Proposal 7: UE should be able to separate ACK/NACK codebooks for TRP 1 and TRP 2, based on CORESET group indicated by gNB.
Proposal 8: Symbol level TDM between ACK/NACK PUCCH for TRP 1 and that for TRP 2 should be supported in the same slot. 
Proposal 9: If ACK/NACK PUCCH for TRP 1 and that for TRP 2 collide in the same OFDM symbol, one of the two is transmitted based on priority rule and gNB can indicate whether A/N information of dropped PUCCH can piggyback to the reported PUCCH.
Proposal 10: When a PUCCH and a PUSCH for different TRPs collide in the same OFDM symbol, 
· if the portion of overlapped symbols is small with regard to the PUSCH length, the overlapped PUSCH symbol(s) is punctured and both PUCCH and the punctured PUSCH are transmitted.
· otherwise, PUCCH is dropped. The A/N information shall or shall not be piggybacked on the PUSCH based on gNB configuration.
Proposal 11: For ideal/small backhaul delay, joint ACK/NACK feedback can be considered and encoding order for semi-static codebook should be defined considering multiple TRPs.
Proposal 12: To harvest potential NCJT performance improvement, CSI enhancement reflecting inter-TRP interference should be supported.


Proposal 13: At least TDM based scheme should be supported for one panel UE in FR 2 and at least one of FDM/SDM based scheme should be supported for latency reduction. Also, several schemes can be applied simultaneously.
Proposal 14: For SDM based URLLC enhancement, scheme 1c for multi-TRP/panel URLLC can be considered. 
Proposal 15: For FDM based URLLC enhancement, multi-PDCCH based multi-TRP/panel transmission should be considered.
Proposal 16: For scheme 4, each of indicated/pre-configured TCI states can be applied to the indicated/pre-configured slot group(s).
Proposal 17: For scheme 3, channel interpolation across mini-slots corresponding the same TCI state can be considered.
Proposal 18: For multi-TRP/panel URLLC, single data layer transmission from each TRP should be the primary focus to achieve URLLC requirement.
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