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Introduction
In the previous RAN1 AH1901 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 X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3

Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs

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
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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, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching

Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.




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.
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
· Partial/full/non-overlapped resource allocation & inter-TRP coordination
In multiple DCI based NCJT, each DCI has a RA field so it seems natural to support partially overlapped resources allocation. However, we need to carefully consider its impact on scheduling MCS/rank. In Figure 1, PDSCH 1 suffers different level of interference in RB group A and RB group B. Specifically, 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. As a result, optimal MCS/ rank of PDSCH 1 in RBG A would be different from RBG B but gNB configures the same MCS/rank for PDSCH 1 in RBG A and B, which is suboptimal for either RBG A or RBG B. To address this, RB group wise indication of MCS/rank may be needed. In addition, partially overlapped resource allocation has an impact on data RE mapping of PDSCH 1 due to different level of interference in RB group A and RB group B. 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. 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.
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Figure 1. An example of partially overlapped resource allocation
Observation 1: Conventional MCS/rank scheduling and PDSCH RE mapping does not consider interference fluctuation due to partially overlapped resource allocation.
In addition, in Figure 1, UE needs to calculate interference covariance matrix for RB group A and B separately in order to determine IRC Rx filter for PDSCH 1. It means that in order to determine IRC Rx filter for PDSCH 1 UE need to decode not only DCI 1 for PDSCH 1 but also DCI 2 for PDSCH 2. As a result, UE cannot start decoding PDSCH 1 after decoding DCI 1 if DCI 2 is not decoded yet, which causes PDSCH decoding latency. Also, PDCCH BLER increases by double since two DCIs needs to be successfully decoded for PDSCH 1. 
Furthermore, in partially overlapped case, PDSCH resource can be wasted due to inefficient PDSCH rate matching for DMRS. In Figure 1, DMRS for PDSCH 1 and DMRS for PDSCH 2 use CDM group 1 and 2 respectively, and rate matching for PDSCH 1 is conducted on CDM group 1 and 2. It results in resource waste in RB group B because RB group B is non-overlapped RBs. In RB group B, CDM group 2 is used for DMRS of UE 2 but it is hardly expected that UE 1 blindly detects DMRS of UE 2 and conducts eIRC. This is because dynamic coordination between TRP 1 and 2 is not feasible in non-ideal backhaul and, as a result, UE 1 cannot assume same NID and same DMRS configuration such as DMRS symbol location.
Unlike partially overlapped resource allocation, in case of fully overlapped resource allocation, two PDSCHs interfere each other in all allocated RBs. As a result, each PDSCH receives strong but similar level of interference from NCJT TRP for all allocated RBs. It makes easy for gNB to optimize MCS/rank for PDSCH 1 and 2. To support fully overlapped resource allocation, PDSCH resource allocation should be determined earlier considering backhaul delay and shared among multiple TRPs. Also, inter-TRP SU-MIMO interference should be reflected in CSI for gNB to schedule the fully overlapped PDSCHs.
Observation 2: In fully overlapped resource allocation based NCJT, each PDSCH receives strong but similar level of interference from NCJT TRP for all allocated RBs, beneficial to optimize MCS/rank.
In case of non-overlapped resource allocation, TRP 1 and 2 transmit PDSCH 1 and 2 within separated RB sets, respectively, which are semi-statically configured. For example, 50 RBs of 100 RBs in one CC can be allocated only for PDSCH 1 and remaining 50 RBs in the CC can be allocated only for PDSCH 2. This causes scheduling restriction but there are several merits. Since PDSCH 1 and 2 are FDM without inter-PDSCH interference, each TRP can conduct independent scheduling within its own RB set. For instance, each TRP can freely schedule rank, PDSCH mapping type, symbol duration, DMRS pattern and so on, regardless of another TRP’s decision. This is beneficial especially for large backhaul delay since it needs minimum inter-TRP coordination such as potential NCJT slot and RB set partitioning in the slot. Also conventional CSI measurement and reporting is enough to support NCJT because there is no inter-PDSCH interference.
Observation 3: Non-overlapped resource allocation based NCJT can be supported with minimum inter-TRP coordination and conventional CSI measurement and reporting, and independent scheduling is possible within mutually exclusive RB set.
Proposal 3: For multiple DCI based NCJT, fully overlapped and non-overlapped resource allocation should be supported with RA coordination or RB set partitioning.

Both fully overlapped and non-overlapped NCJT need coordination between multiple TRPs. In our view, coordination between multiple TRPs is necessary to achieve NCJT gain and NCJT without coordination has several technical issues, causing performance degradation. First issue is about maximum rank limitation a TRP can transmit. If two TRP is not coordinated, each TRP’s maximum rank should be limited by half of UE’s MIMO capability since total rank of NCJT should be equal or less than UE’s MIMO capability. This RI restriction causes throughput loss because a TRP can only utilize half of UE’s MIMO capability in single TRP transmission case, i.e., non-NCJT case, and because rank combination of multi-TRP is limited in NCJT case.
Observation 4: With independent scheduling assuming no coordination, a TRP can only utilize half of UE’s MIMO capability in terms of the number of DL layers.

Second issue is about MCS/rank scheduling. Whether single TRP or multiple TRPs transmit data and how many RBs are overlapped have an impact on MCS/rank. Specifically, in single TRP transmission case, MCS/rank is determined considering conventional interference such as MU-interference, if exists, and inter-cell interference. On the other hand, in multi-TRP transmission case, MCS/rank need to be determined considering SU-MIMO inter-layer interference from NCJT TRPs in addition to conventional interference. However, assuming no coordination, each TRP is not aware of another TRP’s data scheduling information at all. As a result, MCS/rank can set either too aggressively assuming single TRP transmission or too conservatively assuming multiple TRP transmission. With this MCS/rank scheduling, it is questionable whether NCJT can achieve a meaningful throughput gain compared to the single TRP case. 
Observation 5: With independent scheduling assuming no coordination, MCS /rank can be determined too aggressively assuming no co-scheduling case or too conservatively assuming co-scheduling case.

In addition, it is questionable that UE can mitigate SU-MIMO inter-layer interference from different TRPs in case of independent scheduling without coordination. Specifically, transmission beam of each TRP is determined based on its DL channel, not considering another TRP’s transmission beam. As a consequence, effective channel from TRP 1 and that from TRP 2 can be highly correlated so that UE cannot well separate those two PDSCH using MMSE-IRC or MMSE-eIRC. More advanced receiver such as ML or CW-IC can mitigate inter-layer interference but residual interference still remains. Note that the advanced receiver is not mandatory. 
Observation 6: With independent scheduling assuming no coordination, SU-MIMO inter-layer interference from different TRPs can be highly correlated and not easy to be mitigated with a linear receiver.
Proposal 4: Based on Observation 4, 5, and 6, some level of coordination in terms of PDSCH scheduling between TRPs/panels, e.g., resource allocation/partitioning, should be assumed even in non-ideal backhaul case. 

· Configuration and monitoring of multiple PDCCH
For the configuration and monitoring of multiple PDCCH, the following aspects should be considered. Firstly, we need to find out how to transmit the PDCCHs each having different QCL reference. One straightforward approach is to use the different CORESETs for the PDCCHs transmitted from the different TRPs. In this case, even in the case of the different TRPs connected by non-ideal backhaul, the collision between PDCCHs can be avoided if non-overlapped CORESETs are configured for the different TRPs. However, a UE can be configured up to three CORESETs per BWP. So, if two or more CORESETs are used to schedule multiple TRP transmissions, the number of CORESETs that can be used for other purposes, such as scheduling for URLLC, is reduced. To address this CORESET shortage issue, we may consider increasing the configurable maximum number of CORESETs to more than three per BWP in Rel-16. Increasing the number of CORESETs, however, 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 order to minimize changes on DL control, another alternative way we prefer is to allow a CORESET to have multiple QCL references so that a UE can find the two PDCCHs for NC-JT from a single CORESET, where each QCL reference may correspond to different time/frequency region within the CORESET. In this way, we can only touch on QCL related feature, not touching DL control related features.
Proposal 5: Consider that PDCCHs from different TRPs/panels are transmitted on one CORESET.  
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.

· 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. Several ways to differentiate TRP at UE side were discussed in the last meeting and one of them is to use two TCI states in a single CORESET. For example, 2 CORESETs are configured and 1st CORESET with two TCI states (e.g. TCI state 1 and TCI state 2, which correspond to TRP 1 and TRP 2 respectively) is used for NCJT and 2nd CORESET with single TCI state (e.g. TCI state 3, which correspond to TRP 1) is used for other purpose. Then, UE generates two separate codebooks based on TCI state; 1st codebook corresponding to TRP 1 contains ACK/NACK for PDSCH scheduled by PDCCH with TCI state {1 or 3}, and 2nd codebook corresponding to TRP 2 contains ACK/NACK for PDSCH scheduled by PDCCH with TCI state {2}. 
Proposal 6: UE should be able to separate ACK/NACK codebooks for TRP 1 and TRP 2, based on TCI state of PDCCH.
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 can be considered. With semi-static coordination between TRPs, it is guaranteed that any PUCCH resource candidate for TRP 1 and that for TRP 2 can be TDM in symbol level. In addition, as PUCCH resource sets for TRP 1 and those for TRP 2 are configured separately, each TRP can have enough number of PUCCH resource candidates. Without coordination, the two PUCCHs can share the same OFDM symbol. In this case, one of them is transmitted based on priority such that one TRP’s PUCCH is prior to another TRP’s PUCCH. 
Proposal 7: Symbol level TDM between ACK/NACK PUCCH for TRP 1 and that for TRP 2 can be considered in the same slot. If ACK/NACK PUCCH for TRP 1 and that for TRP 2 share the same OFDM symbol, one of the two is transmitted based on priority rule.
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 8: 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 CoMP 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 9: 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 10: 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, single DMRS port or multiple DMRS ports can be supported for single PDCCH based multi-TRP/panel transmission. When single DMRS port is used, multiple TRPs transmit same TB with same DMRS port, achieving macro diversity and increasing reliability. It is already supported in Rel-15 specification but it is unclear how to derive QCL information for DMRS because DL channel from each TRP has different QCL properties. Therefore, further study on single DMRS port based scheme 1 is needed in terms of QCL property derivation. On the other hand, in multiple DMRS ports based SDM, multiple TCI states for multiple DMRS ports are configured and same TB is transmitted through each DMRS port. This multiple DMRS port based SDM can be further divided depending on whether the same RV and MCS are used for the repeated TBs. If the same RV and MCS is used for the repeated TBs, UE can estimate SFN channel by combining estimated channels, each of which is estimated from each DMRS port, and decode SFN TB with the estimated SFN channel. Compared to the single DMRS port based scheme 1, it can improve channel estimation performance. If RV or MCS are different, codeword for each TB is different so that UE conducts soft combining through channel decoder and achieves coding gain. 
Proposal 11: For SDM based URLLC enhancement, single DMRS port transmission and two DMRS ports transmission are supported. In single DMRS port transmission, enhancement for QCL indication can be considered. In two DMRS ports transmission, TB repetition with same RV and MCS 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. 
Proposal 12: 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.
Proposal 13: For scheme 4, each of indicated/pre-configured TCI states can be applied to the indicated/pre-configured slot group(s).
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: For multiple DCI based NCJT, fully overlapped and non-overlapped resource allocation should be supported with RA coordination or RB set partitioning.
Proposal 4: Based on Observation 4, 5, and 6, some level of coordination in terms of PDSCH scheduling between TRPs/panels, e.g., resource allocation/partitioning, should be assumed even in non-ideal backhaul case. 
Proposal 5: Consider that PDCCHs from different TRPs/panels are transmitted on one CORESET.  
Proposal 6: UE should be able to separate ACK/NACK codebooks for TRP 1 and TRP 2, based on TCI state of PDCCH.
Proposal 7: Symbol level TDM between ACK/NACK PUCCH for TRP 1 and that for TRP 2 can be considered in the same slot. If ACK/NACK PUCCH for TRP 1 and that for TRP 2 share the same OFDM symbol, one of the two is transmitted based on priority rule.
Proposal 8: 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 9: To harvest potential NCJT performance improvement, CSI enhancement reflecting inter-TRP interference should be supported.
Proposal 10: 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 11: For SDM based URLLC enhancement, single DMRS port transmission and two DMRS ports transmission are supported. In single DMRS port transmission, enhancement for QCL indication can be considered. In two DMRS ports transmission, TB repetition with same RV and MCS can be considered.
Proposal 12: For FDM based URLLC enhancement, multi-PDCCH based multi-TRP/panel transmission should be considered.
Proposal 13: For scheme 4, each of indicated/pre-configured TCI states can be applied to the indicated/pre-configured slot group(s).
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