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1. Introduction
In Rel-15, transmission with multiple TRPs/panels was considered as one of important scenarios for NR system to overcome blockage effect and offer enhanced spectral efficiency for edge users. However, due to the lack of enough time budget and high work load in the first release of NR, the work of multi-TRP/panel transmission was postponed in Rel-15. Based on discussions in quite few meetings in Rel-15, only some initial agreements/working assumptions on issues such as evaluation assumptions, transmission schemes, control channel, DMRS and QCL, etc.,  have been reached.   
In Rel-16, based on an integrated framework of NR system, the work item for enhancement on MIMO operation is still ongoing[1]. The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives for enhancements on multi-TRP/panel transmission are as follows. 

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
In the last meeting, the following agreements have been achieved[2].

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

R1-1903637
Draft LS on support of Enhancements on multi-TRP/panel transmission

The draft LS is endorsed in R1-1903697 with updates on new RAN1 agreements.

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

In order 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 were clarified as following in the last meeting: 

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation across different spatial layers, i.e., layer sets   

· For multiple layers/layer sets transmission 

· Each layer set is associated with one TCI and one set of DMRS port(s)

· single RV (lower coding rate) or multiple RVs (higher coding rate) can be used across layer sets   
· In case of single RV, different coded bits are mapped to different layer sets with the same mapping rule as in Rel-15
· In case of multiple RVs, the RVs corresponding to different layer sets can be the same or different

· Same MCS is used

· For single layer transmission 

· The layer is associated with n TCI

· For single layer transmission 

· The layer is associated with n TCI and single DMRS port

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  

· Resource allocation associated with TCI states

· Single RV (lower coding rate) or multiple RVs (higher coding rate) can be used across RB sets 

· In case of single RV, different coded bits are mapped to different RB sets with the same mapping rule as in Rel-15

· In case of multiple RVs, the RVs corresponding to different RB sets can be the same or different

· Same MCS with same single or multiple DMRS port(s) are used.
· 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

In the email discussion after the last meeting, the following conclusions were drawn:

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 provide our views on some aspects need to be considered for supporting multi-TRP/panel transmission in Rel-16.
2. Single-PDCCH based multi-TRP/panel DL transmission
2.1. Codeword mapping
Basically, two categories of transmission schemes, namely codeword-based and layer-based approaches are possible for NC-JT transmission. As shown in Figure 1, for codeword-based NC-JT, each codeword is confined within only one TRP/panel, while for layer-based transmission, layers of the same codeword can be split to more than one TRPs/panels. It’s noted that, with current codeword mapping rule, codeword-based NC-JT can only be used for rank5-8
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Figure 1: Codeword-based (Alt.1) and layer-based (Alt.2) NC-JT

Based on current specification, as only one codeword is used for rank 1-4, for rank 2-4, when a single codeword is transmitted with a single TRP/panel, if the channel qualities of different layers have large difference, it’s more reasonable to reduce the reported rank and assume layers with similar SINR are used in such codeword in CQI calculation. With multiple TRPs/panels, even though the number of layers that can be supported from one of coordinated TRPs/panels is limited by the attainable receive SINR level and spatial correlation properties of the channel, the overall rank could still be increased by receiving more groups of layers from different TRPs/panels. Theoretically, the spectral efficiency can be improved. 
However, it’s noted that the large-scale properties of the channels from different TRPs/panels could have notable difference. In such case, for rank 2-4 transmission, if Rel-15 codeword mapping scheme is still to be used, it would be difficult to choose a suitable MCS that matches both TRPs/panels. Usually, a MCS matches the TRPs/panels with lower channel qualities would be chosen to guarantee the requirement on BLER. Consequently, the capacity of TRPs/panels with better channel qualities is not fully utilized. It’s also noted that NC-JT is generally expected to be useful for cell edge users, thus lower-rank transmission, e.g., rank 1-4, are the most likely cases. Therefore, the splitting of a single codeword and map it to more than one TRPs/panel might be a disadvantage to system performance of NC-JT. 

For rank 5-8, two codewords are used. In such case, Rel-15 supports almost-equal mapping only, which means the difference in number of layers from the two codewords is at most 1. However, as mentioned above, since the channels from different TRPs/panels used in NC-JT are assumed to be non-QCLed, the supported ranks of different TRPs/panels could also be different. For the case shown in Figure 1, if one of the TRPs/panels supports 2 layers, while the other one supports 4 layers, for codeword-based and almost-equal mapping, the only choice is to restrict the total number of layers to 2×min(RI)+1. Wherein min(RI) is the minimum supported rank among TRPs/panels in NC-JT.  That is, only rank 5 can be used for that case, even though totally 6 layers can be supported from the two TRPs/panels altogether. 

Observation 1: Based on current codeword mapping rule, for rank2-4, the single codeword has to be split into more than one TRPs/panels. In such case, performance loss is expected due to the issue with link adaptation. 
Observation 2: For 2-codeword transmission with rank5-8, if the difference in supported ranks for two TRPs/panels is greater than 1, the transmit rank has to be restricted to keep the almost-equal mapping rule.

Compared to codeword-based NC-JT, layer-based approach seems to be a more flexible manner to support NC-JT. As shown in Figure 1, in layer-based NC-JT with rank 5-8, the mapping between codeword to TRP/panels can be done according to the supported rank of each TRP/panel. Therefore, the restriction of total transmission rank with codeword-based NC-JT and almost equal mapping can be avoided in layer-based NC-JT. However, if the Rel-15 codeword mapping rules are reused, it’s inevitable to split one of the codewords into several TRPs/panels. Therefore, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping is reused. 

Observation 3: In layer-based NC-JT, one codeword may be slit across different TRPs/panels. Therefore, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping mechanism is still used in NC-JT.
Based on the discussion above, it’s observed that the inevitable splitting of codeword into TRPs/panels with different channel properties is an obvious disadvantage for system performance in NC-JT, if Rel-15 codeword mapping mechanism is still used. To solve this issue, it would be desirable to use codeword-based NC-JT. However, as mentioned above, codeword-based NC-JT can only be used for rank 5-8, and the available transmission rank is constrained by Rel-15 mapping rule too. Therefore, from codeword mapping perspective, at least the following alternatives can be considered to better support NC-JT in Rel-16:

· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups

· Flexible codeword-to-layer mapping (additional correspondence) 
If 2 codewords can be used for rank 2-4 transmission, and a more flexible codeword mapping mechanism is supported where the difference of number of layers from two codewords could be greater than 1, the number of layers and MCS assigned to each TRP/panel can be more flexible. These aspects may also need to be considered in control signaling and CSI feedback enhancements.
In addition to Rel-15 and LTE Mapping schemes, an alternative could be:
· Applying Rel-15 mapping rule, if only one TCI state is indicated
· Applying LTE mapping rule, if more than one TCI states are indicated
According to TCI state(s) indication, double CWs can be used for rank2-4 in multi-TRP/panel transmission, while one CW is used for transmissions with single TRP/panel. As a single CW is used for single-TRP/panel transmission with rank2-4, the same detection complexity and CSI overhead can be kept as in Rel-15 for such case.
For different traffic loads, the performance gain of NC-JT over single-point transmission in dense urban deployment scenario are shown in Figure 2. The remaining detailed evaluation assumptions are listed in the Appendix. Throughout the evaluations, two mapping schemes (i.e., “single CW” implies Rel-15 mapping rule, while “double CWs” stands for the approach described above) are considered for NC-JT. It’s observed that double-CW transmission outperforms single-CW transmission for all the cases. As an example, only the results for 16 ports are presented in Figure 2. More evaluation results can be found in one of our company’s contributions[3].
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Figure 2: Performance gain of NC-JT (16 ports at TRP)

Proposal 1: To better support NC-JT in Rel-16, the following enhancements can be considered:

· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups

· flexible codeword-to-layer mapping (additional correspondence) 

Proposal 2: Considering the trade-off between complexity/overhead and flexibility, the following mapping scheme is preferred:
· Rel-15 mapping rule is applied, if 1 TCI state is indicated
· LTE mapping rule is applied, if more than one TCI states are indicated
2.2. CSI feedback
In Rel-15, a specific codebook is designed for supporting coherent multi-panel transmission. For the case each PDCCH schedules a single PDSCH transmitted with one TRP/panel, i.e., NC-JT with multiple PDSCHs, current CSI framework can be reused. On the other hand, for the case one PDSCH is transmitted with multiple TRPs/panels, i.e., NC-JT with single PDSCH, the CSI feedback design needs to be considered. 

If CSI feedback is based on the assumption of single-TRP/panel transmission, current CSI framework can be reused. However, as more accurate inter-layer interference can be taken into account based on measurements of the channel properties from potentially coordinated TRPs/panels, joint CSI measurement among coordinated TRPs/panels would be beneficial to improve the estimation accuracy of channel quality and PMI/RI. 
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Figure 3: Example of CSI feedback supporting NC-JT

As shown in Figure 3, in that example, two CSI-RS resources are configured/indicated to the UE, where each resource is used to measure the channel of one of the TRPs/panels in NC-JT. By measuring the channel from multiple TRPs/panels jointly, the UE could report PMI/RI for each TRP/panel and feeds back CQI for each codeword with the assumption that NC-JT is conducted. In addition, other resources can still be used to measure interference and noise. 

If new codeword mapping rule is to be introduced in Rel-16, it might need be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting.
Proposal 3: to support NC-JT with single PDSCH, joint CSI measurement among coordinated TRPs/panels should be considered. In addition, at least the following CSI feedback quantities need to be included:
· PMI/RI for each TRP/panel

· CQI for each codeword
Proposal 4: If new codeword mapping rule is to be introduced in Rel-16, it might need to be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting quantities at UE side.

2.3. Reference signal
In current specification, as only single-TRP/panel or coherent transmission with multiple TRPs/panels are considered, it’s possible to split one codeword into two CDM groups. If the DMRS ports within different CDM groups are non-QCLed, the system might take the risk of splitting one codeword into more than one TRPs/panels. In the examples illustrated in Figure 4, the impacts of DMRS port ordering on NC-JT are shown. 
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Figure 4: Example of DMRS port ordering

It’s observed in Figure 4, with a simple re-ordering of DMRS ports in order B, the splitting of codeword can be avoided.
Proposal 5: DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible).
In NC-JT transmission, different group of layers is transmitted from different TRP/panel. In such case, at least two groups of DMRS port with different QCL assumptions should be available. Furthermore, as the DMRS ports within each CDM group are assumed to be QCL-ed, the DMRS ports allocated for NC-JT with rank>=2 should be mapped to at least two CDM groups. To that end, we need to check the entries indicating DMRS port allocation in DCI for each combination of DMRS configuration type and maximum length of front-load DMRS symbols.

For the case DL-DMRS-config-type=1 and DL-DMRS-max-len=1 (Table 7.3.1.2.2-1 in 38.212),

· Rank=2: value 11 can be used to allocated 2 DMRS ports across 2 CDM groups

· Rank=3/4: all the values for to rank3-4 correspond to DMRS port allocation across 2 CDM groups

Therefore, NC-JT can be supported with current spec. for DL-DMRS-config-type=1 and DL-DMRS-max-len=1.

For the case DL-DMRS-config-type=1 and DL-DMRS-max-len=2 (Table 7.3.1.2.2-2 in 38.212),
· Rank=2: value 11 can be used to allocated 2 DMRS ports across 2 CDM groups for 1-symbol front-load DMRS case, while for 2-symbol front-load DMRS case there’s no value available for cross-CDM group allocation of DMRS ports
· Rank=3: value 9 can be used to allocated 2 DMRS ports across 2 CDM groups for 1-symbol front-load DMRS case, while for 2-symbol front-load DMRS case there’s no value available for cross-CDM group allocation of DMRS ports
· Rank=4: value 10 and 30 are available for cross-CDM group allocation

· Rank=5-8: all the values for to rank5-8 correspond to DMRS port allocation across 2 CDM groups
It’s observed that cross-CDM group allocation is not possible for rank2-3 with 1-symbol front-load DMRS. However, as 2-symbol front-load DMRS is mainly used for higher-order SU –MIMO (rank 5-8) or MU-MIMO with more supported total layers/users, and at least for 1-symbol front-load DMRS case, cross-CDM group allocation can be supported for rank2-3, no new values are needed for NC-JT with rank=2-3.
For the case DL-DMRS-config-type=2 and DL-DMRS-max-len=1 (Table 7.3.1.2.2-3 in 38.212),
· Rank=2: value 23 can be used to allocated 2 DMRS ports across CDM groups for Number of DMRS CDM group(s) without data=2, while for the case Number of DMRS CDM group(s) without data=3, there’s no value available for cross-CDM group allocation of DMRS ports
· Rank=3/4: for Number of DMRS CDM group(s) without data equals both 2 and 3, there’re values available for cross-CDM group allocation

· Rank=5-6: all the values for to rank5-6 correspond to DMRS port allocation across CDM groups
It’s observed that no value is available to support DMRS port allocation across CDM groups for rank=2 with  Number of DMRS CDM group(s) without data=3. However, the case Number of DMRS CDM group(s) without data=3 are mainly used for higher order SU/MU-MIMO.  Furthermore, value 23 can be used to allocated 2 DMRS ports across CDM groups for Number of DMRS CDM group(s) without data=2. Therefore, no new values are needed for rank-2 NC-JT with DL-DMRS-config-type=2 and DL-DMRS-max-len=1.

For the case DL-DMRS-config-type=2 and DL-DMRS-max-len=2 (Table 7.3.1.2.2-4 in 38.212),
· Rank=2: value 23 can be used to allocated 2 DMRS ports across CDM groups for Number of DMRS CDM group(s) without data=2, while for the case Number of DMRS CDM group(s) without data=3, there’s no value available for cross-CDM group allocation of DMRS ports
· Rank=3/4: for the case with Number of DMRS CDM group(s) without data=3 and 2-symbol front-load DMRS, no values are available for cross-CDM group allocation. However, for the following cases, cross-CDM group allocation can be supported:

· Number of DMRS CDM group(s) without data=2 and 1-symbol front-load DMRS
· DMRS CDM group(s) without data=3 and 1-symbol front-load DMRS
· Rank=5-8: all the values for to rank5-8 correspond to DMRS port allocation across CDM groups
Similar to the analysis above, the case with DMRS CDM group(s) without data=3 and/or 2-symbol front-load DMRS are mainly used for higher-order SU/MU-MIMO, and for other cases with rank>=2, there’re always values available for supporting DMRS port allocation across CDM groups. Therefore, no new values are needed for the case DL-DMRS-config-type=2 and DL-DMRS-max-len=2.

Proposal 6: No new values are needed in DMRS table to support cross-CDM group allocation of DMRS ports.
As agreed in previous meetings, up to 2 TCI states can be indicated in DCI. If 2 TCI states are indicated, the mapping between TCI states and CDM group(s) need to be considered.  For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, the following alternatives are possible:
· Alt.1: the case with 2 TCI states and 1 allocated CDM group is not supported in DCI. The available TCI states are limited with this alternative.
· Alt.2: dynamic indication of the TCI state to be used in DCI. As all the TCI states can be indicated for single CDM group allocation, higher flexibility can be obtained. However, higher spec. impact is expected with this approach. 
· Alt.3: fixed mapping between TCS state and CDM group, i.e., always use the first or second TCI state. Compared with Alt.1, higher flexibility can be obtained, while the impact on spec. is limited compared with alt.2. 
For the case 2 TCI states are indicated, and more than 1 CDM groups are allocated to the UE, the following alternatives are possible:
· Alt.1: predefined mapping, e.g. one CDM group TCI state 0 corresponds to, while the remaining CDM group(s) correspond to TCI state 1.

· Alt.2: dynamic indication of the mapping between TCI state and CDM group(s).
Due to the dynamic nature of wireless channel, the supported rank for different TRPs/panels may change drastically in NC-JT. In order to adapt to the supported number of layers for each TRP/panel, it would be beneficial if dynamic indication of the mapping between TCI state and CDM group(s) is possible.

Proposal 7: For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, the following alternatives are acceptable:

· Alt.2: dynamic indication of the TCI state to be used in DCI. As all the TCI states can be indicated for single CDM group allocation, higher flexibility can be obtained. However, higher spec. impact is expected with this approach. 

· Alt.3: fixed mapping between TCS state and CDM group, i.e., always use the first or second TCI state. Compared with Alt.1, higher flexibility can be obtained, while the impact on spec. is limited compared with alt.2. 

Proposal 8: For the case 2 TCI states are indicated, and more than 1 CDM groups are allocated to the UE, dynamic indication of the mapping between TCI state and CDM group(s) is supported.

3. Multiple-PDCCH based multi-TRP/panel DL transmission
3.1. Scheduling restriction

As multi-TRP/panel transmission based on multiple PDCCHs is considered to be more suitable for non-ideal backhaul case, dynamic coordination regarding resource allocation among coordinated TRPs/panels is infeasible. Therefore, it’s more relevant to schedule each PDSCH independently. However, without any restriction to DMRS transmission, the interference between the DMRS and data from different TRPs/panels will lead to performance loss when the resources of two PDSCHs are overlapped. 
Therefore, the allocation of CDM group for each TRP/panel should be configured/indicated prior to NC-JT transmission. Based on that, each TRP can only allocate the DMRS ports the pre-determined CDM group, and then avoid the interference among DMRS ports of different TRP. Each of the coordinated TRP/panel should also be aware of the overall allocation of CDM groups. With such information, the REs corresponding to DMRS transmission of any other PDSCHs can be muted according to the indicated “number of CDM groups without data” . As a result, the interference between the DMRS of one of the PDSCHs and the data REs of the remaining PDSCHs can be avoided. To achieve that, information regarding CDM group allocation may need to be exchanged or delivered via backhaul. For example, a master TRP can allocate CDM group to each TRP, and forward such information over X2 interface.
Proposal 9: For 2-PDCCH case,
· The allocation of CDM group for each TRP/panel should be configured/indicated prior to NC-JT transmission.

· The overall allocation of CDM groups of all the potentially involved TRPs/panels should be informed to each TRP/panel.
In NC-JT with 2 PDSCHs, as discussed above, if both of them are type A mapping, some kinds of semi-static coordination mechanism can still be used to avoid collision of signals like DMRS. However, in case one or both of the PDSCHs are type B, it would be difficult to coordinate the transmission from two TRPs/panels with non-ideal backhaul.  Therefore, it’s more reasonable to focus the discussion on type A+A scheduling at this stage.
Proposal 10: It’s more reasonable to focus the discussion on type A+A scheduling at this stage.
3.2. PUCCH design
For multi-PDCCH case, one outstanding issue is how to configure HARQ-ACK reporting in PUCCH transmission. There are two options, one is joint ACK/NACK for multiple PDSCHs, and the second is separate ACK/NACK transmission targeted to different TRP. Separated ACK/NACK feedback is applicable for both ideal and non-ideal backhauls. In the non-ideal backhaul case, separate HARQ-ACK reporting is beneficial to overcome the delay impacts. Joint ACK/NACK feedback can be used at least for ideal backhaul. For non-ideal backhaul with relatively low latency, if PDSCHs can be pre-scheduled, it’s still possible to feedback ACK/NACK jointly.
If supporting joint ACK/NACK transmission, it means multiple HARQ-ACK bits from different PDSCH are encoded in a PUCCH resource. The general procedure is same as the multiple PDSCHs linked to one PUCCH reporting in Rel-15. One small thing is to order the HARQ-ACK bit for different PDSCH. Otherwise, gNB may not be able to identify which PDSCH is corresponding to which information bit in PUCCH.
If supporting separate ACK/NACK transmission, it requires to set up the PUCCH resource mapping relationship. One simple way is to link the received PDCCH with PUCCH, which means the PUCCH targeted TRP is associated with the TRP transmitting PDCCH. The related configuration is about PUCCH resource and its beam direction. There are two ways to resolve it: one method is configuring separate PUCCH resource set or separate resource for different TRP, and another method is configuring multiple PUCCH beam information for each PUCCH resource. 
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Figure 5: Example of PUCCH indication in separate feedback
Proposal 11: Support both separate and joint PUCCH feedback for multi-TRP/panel transmission based on multiple PDCCHs.
4. URLLC enhancement in multi-TRP/panel transmission
Regarding the reliability enhancement in multiple TRP or multiple panel transmission, generally, it could benefit the cell edge user and URLLC user both. In this context, any potential solutions to improve the reliability for data channel or control channel can be considered. For the URLLC case, the additional latency among the coordinated TRP will degrade the performance. It will not only impact the scheduling, but also impact UL receiver processing. Therefore, we think ideal backhaul is the main scenario for URLLC.
Proposal 12: Focus on the ideal backhaul condition to support URLLC enhancement with multi-TRP transmission.
4.1. PDSCH enhancement
As shown in section 1, the potential schemes for URLLC enhancements are clarified and summarized in email discussion following the last meeting.
· Scheme 1 (SDM): 
· In scheme 1a, different sets of coded bit of the same RV are mapped across layers and then transmitted with different set of DMRS port(s), and each set of DMRS port(s) are associated with one TCI state. At least from UE perspective, the procedure is just the same as single-PDCCH based NC-JT. Therefore, scheme 1a is naturally supported.
· In scheme 1b, coded bits with same or different RVs are transmitted with different groups of DMRS ports, and they are with overlapped time and frequency resource allocation. With the repetition of data in spatial domain in this approach, the reliability could be enhanced with efficient utilization of time and frequency resource. On the other hand, the performance is also limited due to the interference between layer groups.
· In scheme 1c, if copies of the same data and DMRS are transmitted with different TCI state indices, the benefit of this approach over pure SFN seems not clear. If different DMRS port is used for each transmission occasion, it falls into a special case of scheme 1b. 
· Scheme 2 (FDM): compared with SDM, FDM based approach occupies more resource in frequency domain. However, due to non-overlapped resource utilization for different transmission occasion, overall more reliable reception can be expected with scheme 2.
· In scheme 2a, different sets of coded bit of the same RV are mapped onto different sets of RBs and then transmitted with different set of DMRS port(s) , and each set of DMRS port(s) are associated with one TCI state. So, scheme 2a is more like FSTD over multiple TRPs/panels, and the diversity gain might be limited.
· In scheme 2b, copies of the same data with same or different RVs are transmitted from different TRPs/panels over different sets of RBs. Compared with scheme 2a, higher reliability can be obtained.
· TDM schemes: scheme 3 (TDM within single slot) and scheme 4 (TDM with different slots)
· TDM approach is a natural extension of existing mechanism, and can be viewed as a combination of time and spatial-domain repetition. TDM within single slot (scheme 3) is for reliability enhancement of mini-slot based transmission. Similar to scheme 2b, scheme 3 and 4 can be used for the scenarios with higher requirements on reliability and restrictive resource utilization in frequency domain.
Proposal 13: Consider the following schemes for URLLC enhancement:
· Scheme 1b can be used for the scenario with higher requirement on efficiency and moderate requirement on reliability enhancement.

· Scheme 2b can be used for the scenario with higher requirement on reliability enhancement and latency reduction.

· Scheme 3 and 4 can be used for the scenario with higher requirement on reliability enhancement, relaxed requirement on latency and restrictive resource utilization in frequency domain.
4.2. PDCCH enhancement 

For the PDCCH reliable transmission from the multiple TRPs, one simple solution is to make PDCCH repetition from the multiple TRP either in time domain or frequency domain. Then UE can get the multiple copies from different TRP. In this case, UE needs to monitor different PDCCH candidates with different QCL association. Following Rel-15 PDCCH configuration, each CORESET is corresponding to one specific TCI indication. In multi-TRP case, it is natural to link one CORESET to one TRP. However, if the TRP number is large, then the CORESET number is one bottleneck, because current CORESET number is limited to 3 in one BWP. In this case, extending CORESET number in one BWP could be one way to resolve it. Another issue is how to reduce the PDCCH detection complexity. It’s also noted that supporting of simultaneous reception of multiple PDCCHs would induce significant increase of complexity.  Anyway, the SFN-type of transmission where a PDCCH is virtualized and transmitted from all TRP in the same slot is supported in current spec. In such case the QCL assumption is fixed.
Proposal 14:  Consider repetition transmission of PDCCH. The baseline scheme should be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.
4.3. PUSCH enhancement 

Similar as DL PDSCH enhancement, when gNB is configured with multiple TRPs, UE can transmit different PUSCH in different slot or different symbols targeted to different TRP to improve UL transmission reliability. In Rel-15, PUSCH repetition has been supported for grant based transmission and configured grant transmission, therefore, applying the PUSCH repetition crossing multiple TRP is straightforward. 

In case of signalling indication, for single PUSCH transmission, SRI is used to indicate the UL beam or precoder information. For multi-slot PUSCH repetition in multi-TRP case, optimally, each PUSCH should be indicated with the SRI information to get dynamic beam matching. However, for multi-slot repetition, it is difficult to assign the SRI for each TRP specific transmission in DCI due to limited DCI bits, no matter grant-based scheduling or configured grant scheduling. Then how to indicate the SRI would be one problem for configured grant transmission or grant based multi-slot repetition. In UL multiple TRP reception, it’s possible to use joint reception for multiple TRPs in ideal backhaul case, though it might be implementation specific. But with this joint reception, accurate SRI indication is not so critical. Another phenomenon is UL beam changed in different TRPs, which causes it difficult to configure accurate UL beam direction in the targeted TRP. Overall, we think a RRC predefined SRI indication is desirable, which might be SRI cyclic or specific TRP configuration.
Additionally, RV index is needed to configure in each transmission. Basically, simple RV cycle or fixed RV sequence could be enough since this issue has been discussed extensively in Rel-15 configured grant configuration. 

Proposal 15: Support PUSCH repetition over multiple TRPs in different slots with RRC indicated SRI and RV pattern.

4.4. PUCCH enhancement
For PUCCH transmission, Rel-15 has supported multi-slot PUCCH repetition for reliability improvement. In case of multi-TRP scenario, TRP switching based repetition may provide additional diversity gain. Hence, in Rel-16, one small change could be allowing UE to transmit different beam in different slot, where each beam is corresponding to one specific TRP. For RRC parameter Spatialrelationinfo, it will not refer to one beam index, but refer to one beam set. For PUCCH resource allocation, it is same as Rel-15, in which different repetition will use same resource, only spatial relation switched. Regarding the beam change after RRC configuration, reusing MAC CE Indication as in Rel-15 can be considered.

Proposal 16: Support PUCCH repetition with spatial relation switching. 
5. Conclusions 
In this contribution we provide our views on some aspects need to be considered for supporting single-PDCCH and multi-PDCCH based multi-TRP/panel transmission in Rel-16, including the codeword mapping, CSI feedback, DMRS signalling and the design of PDCCH and PUCCH, reliability enhancement, etc. Based on the discussion above, we have the following observations and proposals:
Observation 1: Based on current codeword mapping rule, for rank2-4, the single codeword has to be split into more than one TRPs/panels. In such case, performance loss is expected due to the issue with link adaptation. 
Observation 2: For 2-codeword transmission with rank5-8, if the difference in supported ranks for two TRPs/panels is greater than 1, the transmit rank has to be restricted to keep the almost-equal mapping rule.

Observation 3: In layer-based NC-JT, one codeword may be slit across different TRPs/panels. Therefore, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping mechanism is still used in NC-JT.
Proposal 1: To better support NC-JT in Rel-16, the following enhancements can be considered:

· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups

· flexible codeword-to-layer mapping (additional correspondence) 

Proposal 2: Considering the trade-off between complexity/overhead and flexibility, the following mapping scheme is preferred:
· Rel-15 mapping rule is applied, if 1 TCI state is indicated
· LTE mapping rule is applied, if more than one TCI states are indicated
Proposal 3: to support NC-JT with single PDSCH, joint CSI measurement among coordinated TRPs/panels should be considered. In addition, at least the following CSI feedback quantities need to be included:
· PMI/RI for each TRP/panel

· CQI for each codeword
Proposal 4: If new codeword mapping rule is to be introduced in Rel-16, it might need to be taken into account in the assumed PDSCH transmission scheme when calculating CSI reporting quantities at UE side.

Proposal 5: DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible).
Proposal 6: No new values are needed in DMRS table to support cross-CDM group allocation of DMRS ports.
Proposal 7: For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, the following alternatives are acceptable:

· Alt.2: dynamic indication of the TCI state to be used in DCI. As all the TCI states can be indicated for single CDM group allocation, higher flexibility can be obtained. However, higher spec. impact is expected with this approach. 

· Alt.3: fixed mapping between TCS state and CDM group, i.e., always use the first or second TCI state. Compared with Alt.1, higher flexibility can be obtained, while the impact on spec. is limited compared with alt.2. 

Proposal 8: For the case 2 TCI states are indicated, and more than 1 CDM groups are allocated to the UE, dynamic indication of the mapping between TCI state and CDM group(s) is supported.

Proposal 9: For 2-PDCCH case,

· The allocation of CDM group for each TRP/panel should be configured/indicated prior to NC-JT transmission.

· The overall allocation of CDM groups of all the potentially involved TRPs/panels should be informed to each TRP/panel.
Proposal 10: It’s more reasonable to focus the discussion on type A+A scheduling at this stage.
Proposal 11: Support both separate and joint PUCCH feedback for multi-TRP/panel transmission based on multiple PDCCHs.

Proposal 12: Focus on the ideal backhaul condition to support URLLC enhancement with multi-TRP transmission.

Proposal 13: Consider the following schemes for URLLC enhancement:

· Scheme 1b can be used for the scenario with higher requirement on efficiency and moderate requirement on reliability enhancement.

· Scheme 2b can be used for the scenario with higher requirement on reliability enhancement and latency reduction.

· Scheme 3 and 4 can be used for the scenario with higher requirement on reliability enhancement, relaxed requirement on latency and restrictive resource utilization in frequency domain.
Proposal 14:  Consider repetition transmission of PDCCH. The baseline scheme should be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.
Proposal 15: Support PUSCH repetition over multiple TRPs in different slots with RRC indicated SRI and RV pattern.

Proposal 16: Support PUCCH repetition with spatial relation switching. 
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Appendix: Evaluation assumptions

Table 1: System-level evaluation assumptions

	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Deployment scenario
	Dense urban

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	BS Tx power 
	41dBm

	BS antenna configuration
	16 ports: (M, N, P, Mg, Ng Mp, Np) = (8,4,2,1,1,2,4)
 (dH, dV) = (0.5, 0.8)λ

	BS antenna height 
	25m

	UE antenna configurations 
	4 ports: (M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	UE receiver noise figure
	9 dB

	Traffic model
	FTP traffic model 1

	UE distribution
	80% Indoor, 3km/h;  20% Outdoor (30km/h)

	Scheduler
	PF

	Codebook
	Rel-15 Type II Codebook

	Baseline
	Single-point transmission 


