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Introduction
In the previous RAN1 #98bis meeting, multi-TRP/panel transmission for NR was discussed and several agreements were made as follows [1]:
	Agreement
For joint HARQ-ACK codebook among M-TRP, down-select one from following options for the last DCI determining the PUCCH resource:  
· DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.

Agreement
The candidate values of higher layer parameter HigherLayerIndexPerCORESET are [0:1:M], 
· M=1

Agreement
For M-DCI NCJT transmission, each PUCCH resource may be associated with a value of higher layer index per CORESET
· FFS: Additional restriction such as TDM PUCCH transmission across different higher layer index per CORESET
· FFS: Details on association

Agreement
When 2 TCI states are indicated by a TCI code point, for DMRS type 1 and type 2 for eMBB and URLLC scheme-1a, if indicated DMRS ports are from two CDM groups, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table.

Agreement
For single-PDCCH based multi-TRP/Panel transmission, the number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled.

Agreement
For DMRS type-1, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data 

Agreement
For single-DCI based M-TRP URLLC scheme 2b
· The RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to PDSCH associated with the second TCI state.  

Agreement
For single-DCI based M-TRP URLLC scheme 2b
· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 
· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)

Agreement
Capture the following in the reply LS to RAN2 on single PDCCH based mTRP operation. LS is endorsed in R1-1911550.
· For question 1 from RAN2
· Answer: From RAN1 perspective, MAC CE based enhancement is preferred so that the pairing of the TCI states can be flexible. Each TCI state can be dynamically paired with another TCI state, assuming dynamic here means pairing via MAC-CE. From RAN1 perspective, some restrictions on pairing may be introduced but this will not impact RAN2 work.
· For question 2 from RAN2, the following agreement has been made. To be used as answer of question 2
Agreement
The maximum number of activated TCI states in mTRP operation is 8. The number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled. The total number of simultaneously activated TCI states is up to 8.

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

Agreement
The gNB can configure UE to use Rel-15 BD/CCE limits regardless of UE capability signalling on BD/CCE limit enhancement
· FFS: Whether RRC signalling is needed

Agreement
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· This is a UE optional feature with separate UE capability signalling
· If UE does not support this feature, the default UE behaviour is the following:
· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs
FFS: Whether/How to handle DMRS shifting if CRS patterns are configured.

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

Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 
· The starting symbol and length of the first transmission occasion is indicated by SLIV. 
· The length of the second transmission occasion is the same with the first transmission occasion.
· Exact candidate value of K can be decided in RAN1#99
· FFS: Any restrictions on the possible value pairs for K and SLIV

Agreement
For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.

Agreement
If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 
· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as
· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 
· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability
· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP such that A+R∙B>4, whereas R is reported by UE capability signaling.  
· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.
· The value range of R is [1, 2], and is indicated through UE capability signalling.
· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability
· Note that how to capture above into the spec can be up to the editor.

Conclusion
The following is not supported in Rel-16 due to lack of consensus and time:
· Enhancement on TCI framework by indicating SSB/PCI from a non-serving cell for multi-TRP/panel transmission for an inter-cell scenario

Agreement
Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  
· RRC signalling is used to configure the two PTRS ports
· Note that whether supporting two PTRS ports is subject to UE capability
· FFS: Applicability for other cases

Agreement
For single-DCI based M-TRP URLLC scheme 4, RVid indicated by the DCI is used to select a RV sequence to be applied to transmission occasions
· whereas RV sequences are the same with Table 5.1.2.1-2 in Rel-15 NR

Agreement
For single-DCI based M-TRP URLLC scheme 4, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is RRC configured.


Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
· FFS: Whether both or one of the options is UE optional or not

Conclusion
For the purpose of identifying a DL serving cell used for multi-DCI based multi-TRP transmission, there is no consensus to introduce a new RRC parameter.

Conclusion
Whether to support multi-DCI based FDM scheme with repetition has no RRC impact. Further details of RAN1 spec impact can be further discussed in RAN1#99 meeting.

Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 
· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 
· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion



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
Single DCI based NCJT
· Mapping rule between TCI states and DMRS ports
First of all, we should support single CDM group with two TCI states, and if indicated DMRS port(s) are from single CDM group, the UE should apply one of the TCI states according to the CDM group index, which means 1st(/2nd) TCI states are selected when CDM group 0(/1 or 2) is indicated. As discussed at several meetings, the reason to support this is that it can improve the efficiency of TCI state field in DCI. gNB can support DPS from different TRPs by using only one code point mapped to two TCI states. For example, one code point for TCI state combination {A, B} is enough to indicate multi-TRP transmission or DPS from TRP 1 or TRP 2, which is mapped to TCI state A or B, respectively, so that there is no need to additionally define code points for TCI state {A} and {B}. In the previous meeting, the maximum number of activated TCI states in mTRP operation was agreed to 8. So, there are 36 TCI state combinations from (8 choose 1) + (8 choose 2). If single CDM group with two TCI states is supported, maximum 24 TCI state combinations can be dynamically indicated with 3 bit TCI field, otherwise, only 8 combinations can be indicated. One may argue that TCI state {A} and {B} is anyway needed to support DPS up to rank 8. However, for most of UEs in practice having up to 4 Rx antennas, one TCI state combination {A, B} can support DPS as well as NC-JT without any limitation of transmission rank. 
Meaning of single CDM group with two TCI states should be discussed with consideration of service type. If there is no URLLC data transmitted to UE, URLLC schemes 2/3/4 is not configured by higher layer signaling and the number of CDM groups can be used to select one or two TCI states as described above. On the other hand, if there is URLLC data transmitted to UE, URLLC schemes 2/3/4 is configured by higher layer signaling and the number of CDM groups can be used to switch between eMBB and URLLC transmission, dynamically. To this end, when URLLC schemes 2/3/4 is configured by higher layer signaling, single CDM group with two TCI states should not be indicated for MTRP eMBB transmission, i.e., scheme 1a.
Proposal #1: When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, 
· if URLLC schemes 2/3/4 is not configured by higher layer signaling, single CDM group can be indicated to select one of the two TCI states, and
· if URLLC schemes 2/3/4 is configured by higher layer signaling, the number of CDM groups can be used to switch between eMBB and URLLC transmission, dynamically.
Secondly, we should support the case of three CDM groups with two TCI states, where the first TCI state should apply to the first indicated CDM group and the second TCI state should apply to the rest CDM groups. There are three reasons. The first reason is to support rank 5 and rank 6 transmissions with 1 symbol front-load DMRS. Specifically, supporting three CDM groups with two TCI states means being indicated by value 0 or 1 for two codewords in table 7.3.1.2.2.-3/4 in TS 38.214 when 2 TCI states are indicated. DMRS patterns of value 0 and 1 have 1 symbol front-load DMRS and these cause low RS overhead than the value 2 and 3 which have 2 symbol front-load DMRS, i.e., 14.29% and 19.05% per RB per slot assuming 1 additional DMRS. The second reason is to support the number of layers more than 2 for a TRP with 1 symbol front-load DMRS. The third reason is to support more layer combinations for the same number of total transmission layers. For example, the value 0 and 2 in a DCI based on table 7.3.1.1.2.-4 of TS38.212 can be used for different layer combinations for rank 5 transmission, i.e., 2+3 and 3+2, respectively.
Proposal #2: In case of three CDM groups with 2 TCI states, the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM groups.

Reliability/robustness enhancement 
· Configuration/indication method for URLLC schemes
In the previous meeting, there was an agreement on introducing a new RRC parameter for single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3. The remaining issue is whether to enable one scheme or multiple schemes by the RRC parameter. In our view, it is difficult to find benefit on supporting to enable multiple schemes for dynamic indication between schemes. The reason is as follows. Firstly, there is no big performance difference from latency/reliability perspective because overall transmission is completed within a single slot and only one repetition is possible for all three schemes. The main difference between scheme 3 and scheme 2a/2b is the possibility to support URLLC scheme for single panel UE in FR 2. So, in our view, there is no benefit on supporting dynamic indication between scheme 3 and scheme 2a/2b. Secondly, based on our evaluation results, between scheme 2a and scheme 2b, there is also no difference between two schemes in terms of BLER performance when there is no blockage [2]. Scheme 2b with certain RV combination, i.e. (RV 0, RV 0) can show slightly better performance than scheme 2a when there is a blockage. So gNB can semi-statically configure scheme 2b if the channel environment has a probability for blockage and use different RV sequence according to the instantaneous channel condition, i.e. blocked or non-blocked, where the RV sequence is indicated by DCI. In this way, gNB can dynamically respond to blockage channel.
Proposal #3: The new RRC parameter for single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3 enables only one scheme among 2a/2b/3. 

· Remaining issues related to scheme 2a/2b
Exact RV sequences should be defined for scheme 2b. These RV sequences should be defined considering both blockage channel and non-blockage channel. From this reason, for blockage channel, RV sequence (0, 0) should be supported to provide self-decodable RV. And, for non-blockage channel, (0, 2) should also be supported. In Rel-15 slot repetition, ordering of RV sequence (0, 2, 3, 1) is applied to different transmission occasions considering gain with incremental redundancy. As the same reason, RV sequence (0, 2) can be expected to generally achieve higher performance than other sequences from the gain with incremental redundancy because in this case effective coding rate can be lower. So, at least, RV sequence (0, 0) and (0, 2) should be supported for scheme 2b. In addition to these RV sequences, RV sequences for retransmission of scheme 2b should be considered. To be honest, scheme 2b is designed for multi-TRP based URLLC, so this means retransmission of scheme 2b may not be preferred, and gNB may schedule appropriate time/frequency resources and MCS to a UE in order to avoid retransmission. However, retransmission could be required even in that case according to channel condition. So, RV sequences for retransmission of scheme 2b should be considered. From this reason, RV sequence (2, 2) and (1, 3) should be supported for blockage channel and non-blockage channel, respectively. In summary, (0, 0) and (2, 2) are beneficial for initial and retransmission, respectively, in blockage channel, and (0, 2) and (1, 3) are beneficial for initial and retransmission, respectively, in non-blockage channel
Proposal #4: Support RV sequences (0, 0), (2, 2), (0, 2) and (1, 3) for scheme 2b. 
Also, we should consider switching of mapping between RV sequences and TCI states. Switching of mapping between RV sequences and TCI states means that the same RV sequence {x, y} can be mapped to either {TCI state A, TCI state B} or {TCI state B, TCI state A}. The main motivation of this switching is to map appropriate RV values to different TRPs according to channel conditions. For example, if there is path loss offset between TRPs, it would be preferred to map self-decodable RV value, i.e., RV 0, to the TRP which has better channel condition. Simulation results related to this can be found in [2]. To support this switching, different TCI state combinations, i.e., both {TCI state A, TCI state B} and {TCI state B, TCI state A}, can be defined in TCI state field. However, it is not good way to go because we have already agreed to introduce 1+2 layer combination in DMRS table in order not to define such TCI state combinations. Another way is to define different RV sequences consisting of the same RV values such as {0, 2} and {2, 0}. However, this consumes RV indication code points. So, we propose to use CDM group index of indicated DMRS port(s) to support this switching. For example, if CDM group index 0 is indicated, the original ordering of TCI state combination from TCI state field can be applied to the indicated RV sequence. On the other hand, if CDM group index 1 is indicated, the reverse ordering can be applied to the indicated RV sequence.
Proposal #5: Support switching of mapping between RV sequences and TCI states, and CDM group index of indicated DMRS port(s) is used to support this switching.
In addition, enhancement of DL PTRS for scheme 2a/2b should be considered. If frequency density of PTRS is larger than the size of PRG, one of TRPs cannot transmit PTRS if Rel-15 PTRS port/resource mapping is directly applied to scheme 2a/2b. The following figure shows an example assuming single DMRS port and single PTRS port. Note that single PTRS port can be used for per-TRP phase noise estimation for URLLC scheme 2a/2b/3/4 as each TRP uses different time/frequency resource.
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(a) Based on mapping rule in Rel-15 when PTRS density is 4 and PRG size is 2
[image: ]
(b) Based on proposed mapping rule when PTRS density is 4 and PRG size is 2
Figure 1. Example of PTRS transmission for scheme 2a/2b
In Figure 1 (a), it is assumed that frequency density of PTRS is 4 and the size of PRG is 2. In this example, TRP #2 cannot transmit PTRS, so that a UE cannot estimate phase noise for TRP #2. To avoid such case, gNB may not indicate such configuration to a UE. For example, gNB can configure PTRS density 2 but it increases PTRS overhead. Or gNB can configure PRG size 4 but it reduces frequency selective precoding gain. Therefore, it would be desirable to address this issue without scheduling restriction. One easy way is to apply the PTRS port/resource mapping rule specified in Rel-15 to allocated RBs for each TRP, separately. The Figure 1(b) shows an example of PTRS mapping based on the per-TRP resource allocation, assuming that frequency density of 4 is still applied where a smaller density may be applied according to the reduced PRB size per TRP based on the configured threshold value for PTRS density table. 
Proposal #6: For scheme 2a/2b, PTRS location/density in frequency is determined by the allocated resource for each TRP, separately, where the same rule specified in Rel-15 is applied to allocated resource for each TRP.

· M-DCI based scheme 2b
Since S-DCI based scheme 2b has scheduling restriction on FDRA, frequency diversity gain is limited. In order to achieve more frequency diversity gain and scheduling flexibility, M-DCI based scheme 2b can be supported as well. UE can distinguish whether two DCIs schedule the same TB or different TBs based on HARQ process ID. If HARQ process ID is same without toggling NDI, combining gain can be achieved and corresponding A/N bit is reported using PUCCH resources scheduled by each DCI.
Proposal #7: M-DCI based scheme 2b is supported and whether two DCIs schedule the same TB or different TBs can be indicated by using HARQ process ID.

· Remaining issue related to scheme 3
In case of scheme 3, two different/same RV values can be applied to two transmission occasions. To indicate RV values for different transmission occasions, the same indication method can be supported for both scheme 3 and scheme 2b. 
Proposal #8: To indicate RV values for different transmission occasions, the same indication method is applied for both scheme 3 and scheme 2b.

Multiple DCI based NCJT
· PDCCH mapping/dropping rule in overbooking case.
In email discussion, BD/CCE limit per TRP was agreed such that, for CORESETs configured for the same TRP, the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213. A further issue coming from the agreement is how to make sure BD/CCE limit per TRP in PCell in case of PDCCH overbooking. Rel. 15 NR has a simple PDCCH mapping rule in overbooking case but it only considers BD/CCE limit per serving cell; if USS i is over BD/CCE limit per serving cell UE drops USS i to N, where N is the last USS index. As a consequence, if Rel. 15 PDCCH mapping rule is reused, USS i can be mapped even when it is over BD/CCE limit per TRP, which is described in Figure 2 as an example. 
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Figure 2. An example of PDCCH mapping/dropping in slot n when Rel. 15 mapping rule is applied
In Figure 2 (a), CSS 0 and USS 0 to 3 are mapped since they satisfy serving cell limit and USS 4, 5 and 6 are dropped. The problem is that USS 3 is mapped even though it is over BD limit of TRP 1. The same problem can be observed in Figure 2 (b) when search space is configured only for TRP 1 in slot n. To address this problem, when USS i does not satisfy either serving cell limit or TRP limit, a desirable mapping rule is to drop all remaining USSs, i.e., USS i to N. 
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Figure 3. An example of PDCCH mapping/dropping in slot n when a proposed mapping rule is applied
Figure 3 shows PDCCH mapping result when this proposed mapping rule is applied. In Figure 3 (a), USS 3 is dropped since USS 3 is over BD/CCE limit of TRP 1 even though it satisfies serving cell limit. Also, the remaining higher index USSs, i.e., USS 4, 5 and 6, are dropped. Similarly, the problem can be resolved with the proposed mapping rule as described in Figure 3 (b).
Proposal #9: Rel. 15 PDCCH mapping rule is revised by additionally capturing the following: 
When USS i does not satisfy either BD/CCE limit of serving cell or BD/CCE limit of TRP limit, drop all remaining USSs, i.e., USS i to N, where N is the index of the last USS. 

· PDSCH rate matching
Next issue is PDSCH rate matching for another TRP’s CORESET, RS, preemption, and SSB. In case of semi-static RateMatchPattern, it can be shared between TRPs through non-ideal backhaul so that one TRP can conduct PDSCH rate matching for another TRP’s semi-static RateMatchPattern. For the same reason, one TRP can conduct PDSCH rate matching for another TRP’s P/SP NZP/ZP CSI-RS, SSB. Rel-15 specification can support PDSCH rate matching for another TRP’s semi-static RateMatchPattern, P/SP NZP/ZP CSI-RS and SSB. 
On the other hand, the TRP is unlikely to perform PDSCH rate matching for another TRP’s dynamic RateMatchPattern, AP ZP CSI-RS and preemption which may not be shared through non-ideal backhaul. Each TRP indicates its own rate matching information in DCI for RateMatchPattern, AP ZP CSI-RS, preemption and UE conducts PDSCH rate matching based on the DCI scheduling the PDSCH. As a result, UE conducts rate matching for PDSCH of TRP 1, independently from dynamic RateMatchPattern, AP ZP CSI-RS and preemption of TRP 2 and vice versa.
Proposal #10: Other TRP’s semi-static RateMatchPattern, P/SP NZP/ZP CSI-RS, and SSB are rate matched and specification enhancement is not needed.
Proposal #11: Other TRP’s dynamic RateMatchPattern, AP ZP CSI-RS and preemption are not rate matched and specification enhancement is not needed.

· Frequency domain precoder granularity alignment between two PDSCHs
Also, we need to look at the impact of different PRB bundling size of 2 TRPs. Figure 4 shows an example of PRG=4 for TRP 1 and PRG=2 for TPR 2. In Figure 4, when decoding PDSCH 1 allocated in one PRG (i.e., 4RBs), UE needs to calculate two different interference covariance matrixes to determine MMSE-IRC 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. 
[image: ]
Figure 4. An example of NCJT with different PRG between 2 TRPs
As described in Figure 4, 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 (e.g. PDSCH 1) is 2 or 4, the precoding of another fully/partially overlapped PDSCH (e.g. PDSCH 2) should be the same in each PRG of PDSCH 1.
· 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 PDSCHs are (2,2), (2,WB), (4,4), (4,WB) and (WB,WB). As a result, gNB can configure semi-static bundling, or dynamic bundling with following combination of {bundleSizeSet1, bundleSizeSet2}: {n2, n2-wideband}, {n4, n4-wideband}, {n2, wideband}, {n4, wideband}, {wideband, n2-wideband}, {wideband, n4-wideband}. On the other hand, in Alt 2, available combinations of PRGs of two PDSCHs are (2,2), (4,4) and (WB,WB) so that gNB can only configure semi-static bundling.
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 5. In Figure 5, 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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Figure 5. An example of NCJT with the same PRG in type 1 resource allocation
Proposal #12: For multiple DCI based multiple TRP transmission, 
· PRG combination of (2, 4) across TRPs is not supported.
· For PDSCH(s) configured with PRG size of 2 or 4, in case of type 1 resource allocation, UE does not expect that two PDSCHs are partially overlapped in each PRG of the PDSCH(s). 

· Resource allocation type of PDSCH
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 #13: Support resource allocation type A + type A for NCJT transmission.

· Overlapping between different PDSCHs scheduled by DCI format 1_0
We should consider how/whether to support overlapping between PDSCHs scheduled by DCI format 1_0. In our view, DCI format 1_0 should be available for all TRPs. This is because if DCI format 1_0 is not allowed for one of two TRPs then the TRP can only use high-payload DCI format 1_1 even if the TRP don’t need to use overall fields in DCI. However, there is a DMRS collision issue when two PDSCHs scheduled by DCI format 1_0 are overlapped. Specifically, according to current specification, UE shall assume that a single symbol front-loaded DM-RS of configuration type 1 on DMRS port 1000 is transmitted when receiving PDSCH scheduled by DCI format 1_0. If different TRPs schedule overlapped PDSCHs by DCI format 1_0, DMRS port is 1000 for both PDSCHs, so that there is collision between DMRS ports for different PDSCHs. So we think solution to resolve the collision is needed considering non-ideal backhaul between different TRPs, which means possibility of overlapping between PDSCHs scheduled by DCI format 1_0. 
Proposal #14: Overlapping between different PDSCHs scheduled by DCI format 1_0 should be supported.

· Association between PUCCH resource and a value of higher layer index per CORESET
One remaining issue on PUCCH resource group is how to associate it with a value of higher layer index per CORESET. One simple approach is to configure a higher layer index in PUCCH-Resource field but it has an additional RAN2 specification impact. To minimize RAN2 impact, legacy parameters such as closedLoopIndex in IE PUCCH-SpatialRelationInfo can be used for the association; PUCCH resources for TRP 0 are configured with closed loop index 0, and PUCCH resources for TRP 0 are configured with closed loop index 1. This limits the number of TPC closed loop per TRP, but single closed loop per TRP is enough. The reason to support 2 closed loops in Rel-15 is to support service specific TPC, e.g. eMBB/URLLC, or beam specific TPC in FR2. However, these motivations become unclear when multiple DCI based multiple TRP transmission is configured to UE.
Proposal #15: closedLoopIndex in IE PUCCH-SpatialRelationInfo is used to associate PUCCH resource and a value of higher layer index per CORESET.

· DMRS symbol shift due to LTE CRS 
According to the agreement in the last meeting, if UE is capable of TRP specific PDSCH rate matching on CRS pattern, PDSCH scheduled through a CORESET is rate matched around CRS patterns associated with the same value of higher layer index of the CORESET. Even though rate matching is conducted based on the higher layer index, DMRS symbol shift to avoid CRS to DMRS collision should be applied regardless of higher layer index association of CRS in order to ensure the same DMRS symbol location between two overlapped PDSCHs.
Proposal #16: When CRSPatternList-CORESETPoolIndex is configured, DMRS symbol shift due to LTE CRS pattern should be applied regardless of higher layer index association of CRS.

· Beam management for multi-TRP/panel transmission
Single Rx panel UE is a typical assumption in FR1 while Multi-Rx-panel UE is more relevant to FR2 implementation. Since beam management is a valid tool for both FR1 and FR2 operation, multi-TRP/panel transmission should consider both UE types of single RX panel UE and multi-RX panel UE. For multi-Rx-panel UEs, multi-TRP transmission can be more widely used in consideration that the UEs may be able to use different Rx beams for receiving signals from different TRPs simultaneously. This however would require higher power consumption at UE side since both panels should be activated all the time. For single panel UEs or for the UEs which have multiple panels but only one panel can be used for reception at a time, a common single Rx beam should be used for receiving PDSCHs scheduled by multiple TRPs/panels so that main application may be for joint transmission from multiple panels of a single TRP. 
Proposal #17: Following two different UE assumptions should be considered for BM enhancement for multi-TRP/panel transmission.
· Assumption1) UE can manage multiple Rx beams simultaneously, one for each TRP/panel
· Assumption2) UE cannot manage multiple Rx beams simultaneously (e.g. single Rx panel UE or multi-Rx-panel UE but only one Rx panel can be used at a time)
In Rel-15, when time offset between DL DCI and the corresponding PDSCH is less than a certain threshold, a default spatial QCL assumption is applied, which means UE assumes QCL D for the PDSCH reception is the same as the lowest ID CORESET. In case of multi-TRP transmission, this default beam assumption may or may not work, depending on UE capability. 
Firstly for UE-Assumption1 described above, if PDCCH to PDSCH time offset of TRP 1 is less than the threshold, UE can still use QCL D of the lowest ID CORESET to buffer PDSCH since TRP 1 (i.e. primary TRP) can use the lowest ID CORESET. However, if PDCCH to PDSCH time offset of TRP 2 is less than the threshold, QCL D of the lowest ID CORESET, which is configured to receive signal from TRP 1, cannot be used to buffer PDSCH of TRP 2. One simple solution to avoid this problem is to preclude the case that PDSCH of TRP 2 is scheduled before threshold, which makes sense in consideration that multi-PDCCH based NCJT operation is for eMBB operation so that there is no critical need for urgent scheduling. Therefore, UE can ignore DCI of TRP 2 when the DCI to PDSCH time offset is less than the threshold. 
Proposal #18: For UE-Assumption1, the UE ignores DCI when the DCI to PDSCH time offset is less than the threshold, if the DCI is transmitted on a CORESET group that does not include the default CORESET. 
Secondly for UE-Assumption2, a common spatial Rx beam is used for PDSCHs from TRP 1 and TRP 2. In this case, Rel-15 default beam assumption can be used without any change, but the QCL RSs of PDSCHs need to be aligned with respect to QCL type-D while they are different with respect to QCL type-A.
Proposal #19: For UE-Assumption2, UE behavior regarding default CORESET should be kept same as Rel-15 while QCL-D RSs need to be aligned.

· Beam failure recovery for multi-TRP
In typical multi-TRP scenario, one TRP may transmit system information, paging and RACH message and another TRP just transmits UE dedicated PDSCH to improve DL throughput without broadcast information. For example, we can consider the following CORESET configuration in practical FR 2 multi-TRP scenario:
· TRP 1: CORESET 0 (CSS for SIB, RA, Paging and etc.), CORESET 1 (USS)
· TRP 2: CORESET 2 (USS)
· BFR CORESET: CORESET 3
In this example, if hypothetical BLERs of all CORESET beams for TRP 1 are above a threshold except for CORESET 2, beam failure event may not occur if we keep the Rel-15 BFD principle (i.e. BF is claimed only when all CORESET TCIs fail), but UE cannot receive broadcast information such as SIB, unfortunately. In order to avoid this undesirable situation, BFD RSs would need to be defined as all CORESET TCIs belonging to the TRP 1 only, in case of implicit determination of BFD RSs. One may argue that explicit BFD RS configuration can be used in this case, but the explicit BFD RS configuration requires additional RS(s) which should be UE-specifically beamformed since explicitly configured BFD RS(s) cannot be updated by MAC-CE or DCI. Unless dynamic update of BFD RS is newly introduced for explicit BFD RS, implicit BFD RS determination method needs to be revised for the case of multi-DCI based multi-TRP/panel transmission.
Proposal #20: For BFR in case of multi-DCI based multi-TRP/panel transmission, BFD is performed only for primary TRP, which transmits system/broadcast information.

Conclusion
In this contribution, we discuss on multi-TRP/panel transmission and propose the following based on the discussion.
Regarding single DCI M-TRP based eMBB transmission, we propose the followings:
Proposal #1: When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, 
· if URLLC schemes 2/3/4 is not configured by higher layer signaling, single CDM group can be indicated to select one of the two TCI states, and
· if URLLC schemes 2/3/4 is configured by higher layer signaling, the number of CDM groups can be used to switch between eMBB and URLLC transmission, dynamically.
Proposal #2: In case of three CDM groups with 2 TCI states, the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM groups.

Regarding M-TRP based URLLC transmission, we propose the followings:
Proposal #3: The new RRC parameter for single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3 enables only one scheme among 2a/2b/3. 
Proposal #4: Support RV sequences (0, 0), (2, 2), (0, 2) and (1, 3) for scheme 2b. 
Proposal #5: Support switching of mapping between RV sequences and TCI states, and CDM group index of indicated DMRS port(s) is used to support this switching.
Proposal #6: For scheme 2a/2b, PTRS location/density in frequency is determined by the allocated resource for each TRP, separately, where the same rule specified in Rel-15 is applied to allocated resource for each TRP.
Proposal #7: M-DCI based scheme 2b is supported and whether two DCIs schedule the same TB or different TBs can be indicated by using HARQ process ID.
Proposal #8: To indicate RV values for different transmission occasions, the same indication method is applied for both scheme 3 and scheme 2b.

Regarding PDCCH for M-DCI based M-TRP transmission, we propose the followings:
Proposal #9: Rel. 15 PDCCH mapping rule is revised by additionally capturing the following: 
When USS i does not satisfy either BD/CCE limit of serving cell or BD/CCE limit of TRP limit, drop all remaining USSs, i.e., USS i to N, where N is the index of the last USS. 

Regarding PDSCH/PUCCH for M-DCI based M-TRP transmission, we propose the followings:
Proposal #10: Other TRP’s semi-static RateMatchPattern, P/SP NZP/ZP CSI-RS, and SSB are rate matched and specification enhancement is not needed.
Proposal #11: Other TRP’s dynamic RateMatchPattern, AP ZP CSI-RS and preemption are not rate matched and specification enhancement is not needed.
Proposal #12: For multiple DCI based multiple TRP transmission, 
· PRG combination of (2, 4) across TRPs is not supported.
· For PDSCH(s) configured with PRG size of 2 or 4, in case of type 1 resource allocation, UE does not expect that two PDSCHs are partially overlapped in each PRG of the PDSCH(s). 
Proposal #13: Support resource allocation type A + type A for NCJT transmission.
Proposal #14: Overlapping between different PDSCHs scheduled by DCI format 1_0 should be supported.
Proposal #15: closedLoopIndex in IE PUCCH-SpatialRelationInfo is used to associate PUCCH resource and a value of higher layer index per CORESET.
Proposal #16: When CRSPatternList-CORESETPoolIndex is configured, DMRS symbol shift due to LTE CRS pattern should be applied regardless of higher layer index association of CRS.

Regarding beam management for M-DCI based M-TRP transmission, we propose the followings:
Proposal #17: Following two different UE assumptions should be considered for BM enhancement for multi-TRP/panel transmission.
· Assumption1) UE can manage multiple Rx beams simultaneously, one for each TRP/panel
· Assumption2) UE cannot manage multiple Rx beams simultaneously (e.g. single Rx panel UE or multi-Rx-panel UE but only one Rx panel can be used at a time)
Proposal #18: For UE-Assumption1, the UE ignores DCI when the DCI to PDSCH time offset is less than the threshold, if the DCI is transmitted on a CORESET group that does not include the default CORESET. 
Proposal #19: For UE-Assumption2, UE behavior regarding default CORESET should be kept same as Rel-15 while QCL-D RSs need to be aligned.
Proposal #20: For BFR in case of multi-DCI based multi-TRP/panel transmission, BFD is performed only for primary TRP, which transmits system/broadcast information.

References
[bookmark: _GoBack]“3GPP RAN1 #98bis Chairman’s Notes”, Chongqing, China, 14-20 October, 2019
R1-1906740, Performance comparison of the FDM schemes for multi-TRP/panel based URLLC, LG Electronics

16/16
image3.png
Serving cell BD limit ——> Serving cell BD limit ——>

TRP BD limit —> TRP BD limit —>
Uss 1 Uss 1
uss 2
Css 0 Css 0
uss o
TRP 1 TRP 2 PCell TRP 1 TRP 2 PCell
drop
{CSS 0, USS 1, USS 3, 955_'(5) are configured for TRP 1 in slot n {CSS 0, USS 1, USS 3, USS 5 } are configured for TRP 1 in slot n
{USS 0, USS 2, w 955’5 } are configured for TRP 2 in slot n {USS 0, USS 2, USS 4, USS 6 } are configured for TRP 2 in slot n+1

(a) (b)




image4.png
Serving cell BD limit Serving cell BD limit

TRP BD limit —>

TRP BD limit
Uss 1 Uss 1 Uss 1
Css 0 Css 0 Css 0
TRP 1 TRP 2 PCell TRP 1 TRP 2 PCell
drop drop
{CSS 0, USS 1, lﬁE/?» M) are configured for TRP 1 in slot n {CSS 0, USS 1, l]j/ss/f U/Sf(g) are configured for TRP 1 in slot n
{USS 0, USS 2, w U/SS/G } are configured for TRP 2 in slot n {USS 0, USS 2, USS 4, USS 6 } are configured for TRP 2 in slot n+1

(a) (b)




image5.png
ﬁ Time

wg RB 1
Allocated RB Allocated RB
for PDSCH1 RB 2 for PDSCH2
from TRP1 RB 3 from TRP2
with PRG=4 with PRG=2
RB 4





image6.png
Allocated RB
for PDSCH1
from TRP1

with PRG=4

Freq

ﬁ Time

RB1

RB 2

RB 3

RB 4

Allocated RB
for PDSCH2
from TRP2

with PRG=4




image1.emf
RB index 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

TCI state #1

TCI state #2

PTRS


image2.emf
RB index 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

TCI state #1

TCI state #2

PTRS


