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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-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16

· Applies for eMBB

Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 

· Multiple PDCCH enhancements/restrictions, including following 

· #1: PDSCH scheduling restriction/indication, e.g. 

· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 

· no/partial/full PDSCH overlapping at T/F domains, considering 

· associated rate matching mechanism 

· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 

· PDSCH scrambling 

· #2: Configurations and monitoring of multiple PDCCH, e.g. 

· CORESET/search space configurations (including configuration details) for multi-TRP reception 

· The number of BD/CCE for multi-TRP reception  

· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 

· Associated DCI format/fields

· Applicability to non-ideal backhaul and ideal backhaul 

· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH

· UL control enhancement 

· #4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 

· separated A/N payload/DAI for PDSCH transmitted by different resources

· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 

· whether/how to do joint A/N payload considering the applicability of backhaul assumption 

· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 

· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 

· Whether/how to use joint CSI reporting and associated reporting resource

· Whether and how to enhance HARQ, e.g.

· Increasing the number of HARQ

· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.

· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 

Agreement

Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul

· For PDSCH/PUSCH where the same TB is transmitted including

· #1: the number of TRP/panel/beams

· #2: Configuration/indication mechanism of TB repetition

· Other enhancements are not excluded.

· For PDCCH/PUCCH

· #1: the number of TRP/panel/beams

· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case

In this contribution, we provide our views on some aspects need to be considered for supporting multi-TRP/panel transmission in Rel-16, including reliable transmission, control channel design, codeword mapping, CSI feedback, reference signal design and QCL.
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.
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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. Whereas, for multi-TRP transmission, the transmitted codeword has to be split into more than one TRPs/panel. In such case, if the channel properties of TRPs/panels involved in NC-JT are largely different, as only one adjustable MCS is available for a codeword, it would be difficult to choose a suitable MCS that matches both TRPs/panels. Usually, in such case, a MCS matches the TRPs/panels with lower channel qualities has to be used to guarantee the requirement on BLER. Consequently, the capacity of TRPs/panels with better channel qualities is not fully utilized. It’s 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, due to the fact that 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/panel. In such case, performance loss is expected due to the issue with link adaptation. 
Observation 2: For 2-codeword transmission, 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 with 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 codeword into several TRPs/panels. Therefore, similar to codeword based approach, 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, similar to codeword-based approach, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping mechanism should still be 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 should still be 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.
To be specific, the following mapping schemes can be considered in Rel-16.

· Mapping scheme 1: Rel-15 mapping rule
· Single codeword for rank1-4, double codewords for rank 5-8.
· Almost-equal splitting of layers, that is, the difference in number of layers of two CWs at most 1.
· Pros: less impact on current spec.
· As the mapping scheme is directly determined by the number of layers, no additional info fields are needed to indicate the correspondence between each codeword and layers in DCI.
· Similarly, in CSI reporting, the assumed mapping scheme is tied with number of layers. Therefore no extra overhead is induced with this approach.
· Cons
· For rank 2-4,the same CW is split into more than one DMRS port groups in multi-TRP/panel transmission. In such case, possible performance loss in AMC is foreseen, if the differences in channel properties of coordinated TRPs/panels are notable. 
· As double-CW transmission can only be used for rank5-8, the flexibility in CW mapping is largely constrained. In addition, only almost-equal splitting can be used for 2-CW Tx. In case the difference in supported number of layers of involved TRPs/panels is greater than 1, as discussed above, either layer-based or rank-constrained CW-based NC-JT can be used. For layer-based mapping, one CW could be split into two TRPs/panels, while for CW-based mapping, rank could be restricted.
· Mapping scheme 2
· Single CW for rank1-4, double CWs for rank5-8
· Flexible mapping for 2-CW transmission, i.e., the difference in number of layers for the two CWs could be greater than 1.
· Pros: flexibility in 2-CW transmission to match the supported rank of each coordinated TRP/panel
· Cons: higher spec. impact 
· In TS38.211, new CW-to-layer mapping tables need to be defined for Rel-16.
· This mapping rule is not rank dependent. Consequently, the actual mapping relationship between each codeword and corresponding layers need to be specified in DCI. 
· Similar to mapping scheme indication in DCI, for CSI feedback，assumed correspondence between CW and layers might also need to be configured/indicated or reported.
· Mapping scheme 3: LTE mapping rule

· 2 CWs for rank>=2.
· Almost-equal splitting of layers, that is, the difference in number of layers of two CWs at most 1.
· Pros: minor spec. changes
· As the mapping scheme is directly determined by the number of layers, no additional info fields are needed to indicate the correspondence between each codeword and layers in DCI.

· Similarly, in CSI reporting, the assumed mapping scheme is tied with number of layers. Therefore no extra overhead is induced with this approach.
· Cons: less flexibility and higher detection complexity/CSI overhead
· Only almost-equal splitting can be used. In case the difference in supported number of layers of involved TRPs/panels is greater than 1, as discussed above, either layer-based or rank-constrained CW-based NC-JT can be used. For layer-based mapping, one CW could be split into two TRPs/panels, while for CW-based mapping, rank could be restricted.
· Double codewords are used even for single-TRP/panel transmission with rank2-4, higher detection complexity and CSI overhead are induced. 
· Mapping scheme 4
· 2 CWs for rank>=2.

· Flexible mapping for 2-CW transmission, i.e., the difference in number of layers for the two CWs could be greater than 1.
· Pros: higher flexibility 
· Cons: higher spec. impact 
· For Rel-16, new mapping tables need to be defined in TS38.211.
· This mapping rule is not rank dependent. Consequently, the actual mapping relationship between each codeword and corresponding layers need to be specified in DCI. 

· Similar to mapping scheme indication in DCI, for CSI feedback，assumed correspondence between CW and layers might also need to be configured/indicated or reported.
· Mapping scheme 5
· Depending on indication/configuration, 1 or 2 CWs could be used for rank>=2
· Almost-equal splitting of layers for 2-CW transmission, that is, the difference in number of layers of two CWs at most 1.

· E.g., in PDSCH transmission 
· Rel-15 mapping rule is applied, if only one DMRS port group is configured/indicated
· LTE mapping rule is applied, if more than one DMRS port group are configured/indicated
· Pros: supporting 2-CW transmission with modest spec. changes
· In addition to existing NR Rel-15 mapping, LTE CW-to-layer mapping table can be reused for 2-CW transmission.
· As the mapping scheme is directly determined by the number of layers, no additional info fields are needed to indicate the correspondence between each codeword and layers in DCI.

· Similarly, in CSI reporting, the assumed mapping scheme is tied with number of layers. Therefore no extra overhead is induced with this approach.
· According to indication/configuration, 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.
· Cons: less flexibility 
· Only almost-equal splitting can be used. In case the difference in supported number of layers of involved TRPs/panels is greater than 1, as discussed above, either layer-based or rank-constrained CW-based NC-JT can be used. For layer-based mapping, one CW could be split into two TRPs/panels, while for CW-based mapping, rank could be restricted. 
· Mapping scheme 6
· Depending on indication/configuration, 1 or 2 CWs could be used for rank>=2.

· Flexible mapping for 2-CW transmission 
· E.g., in PDSCH transmission 
· Single CW, if 1 DMRS port group is configured/indicated
· Double CWs and flexible mapping, if more than one DMRS port group are configured/indicated
· Pros: higher flexibility 
· Cons: higher spec. impact 
· In TS38.211, new CW-to-layer mapping tables need to be defined for Rel-16.

· This mapping rule is not rank dependent. Consequently, the actual mapping relationship between each codeword and corresponding layers need to be specified in DCI. 

· Similar to mapping scheme indication in DCI, for CSI feedback，assumed correspondence between CW and layers might also need to be configured/indicated or reported.
For different traffic loads and maximal transmit ranks, the performance gains of NC-JT over single-point transmission in dense urban deployment scenario are shown in Figure 2 and 3 for the cases with 4 and 6-port TRPs respectively. The detailed evaluation assumptions are listed in the Appendix. Throughout the evaluations, two mapping schemes (i.e., “single CW” implies scheme 1, while “double CWs” stands for scheme 5) are considered for NC-JT. As shown in the evaluation results, NC-JT shows notable gain over single-point transmission, especially for 5% UPT. It’s also observed that double-CW transmission outperforms single-CW transmission for all the cases. The performance gaps between single and double-CW get larger with the increase of the maximal transmit rank. 
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Figure 2: Performance gain of NC-JT (4 ports at TRP)

Figure 3: 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) 
· considering the trade-off between complexity/overhead and flexibility, the following mapping scheme (i.e. mapping scheme 5) is preferred:
· Rel-15 mapping rule is applied, if 1 DMRS port group is configured/indicated
· LTE mapping rule is applied, if more than one DMRS port group are configured/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 4: Example of CSI feedback supporting NC-JT

As shown in Figure 4, 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 2: 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 3: 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 & QCL
In Rel-15, in order to support NC-JT, it’s agreed to group DMRS ports into up to two groups. In later stage, due to the above-mentioned reason, including the definition of DMRS port group, most of functionalities related to NC-JT were removed from Rel-15 specification. However, the agreements on DMRS port grouping can be a starting point for the work in Rel-16.

Considering the dynamic nature of channel property and traffic status, it would be better to group DMRS ports in dynamic manner, rather than semi-static configuration. As stated in TS 38.211, the UE may assume that the PDSCH DMRS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx parameters. Consequently, it’s reasonable to group DMRS ports according to CDM group. That is to say, the DMRS ports within a CDM group are included in the same DMRS group. 

Proposal 4: Support dynamic grouping of DMRS ports in Rel-16.
Proposal 5: The DMRS ports within a CDM group are included in the same DMRS group.
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 3, the impacts of DMRS port ordering on NC-JT are shown. 
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Figure 5: Example of DMRS port ordering

It’s observed in Figure 5, with a simple re-ordering of DMRS ports in order B, the splitting of codeword can be avoided.
Proposal 6: DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible).
2.4. Control channel design

For the single PDCCH based multiple TRP transmission, UE is only aware of one PDCCH scheduling in one moment, so the basic operation is similar as single TRP transmission. Related to scheduling control, there are two issues to be studied. The first issue is TCI state indication, because one PDCCH need schedule the data transmission from multiple TRPs. Then multi-TRP TCI information should be carried in DCI grant. Generally there are two ways to implement it, either one TCI field to indicate multiple TRP QCL information, or multiple separate TCI field, each associated to one TRP. 
The second issue is related to PDCCH monitoring. Since different TRPs may transmit the PDSCH in different slot, UE is required to monitor the PDCCHs with different QCL relationship. In Rel-15, one CORESET is linked to one TCI indication, where only 3 CORESETs configuration is allowed. Then comes to multi-TRP case,  it may need multiple CORESETs configuration. If TRP number is more than 3, new CORESET ID may be needed. Actually one  CORESET is used for the beam recovery, then only 2 CORESETs in legacy configuration can be used to the linkage with TRP specific PDCCH configuration.
For PUCCH configuration, it may have not big difference compared to single TRP case. PUCCH resource can be indicated by the DCI, which can be linked to one fixed TRP or switched TRP, up to network control. Currently PUCCH resource has supported resource specific spatial indication.
Proposal 7: Extend the CORESET number to adapt multi-TRP transmission.
3. Multiple-PDCCH based multi-TRP/panel DL transmission

In case of multi-PDCCH based multi-TRP transmission, each single PDCCH is used to schedule one PDSCH. Hence, the DCI design can reuse that of single TRP case. In general, resource allocation, codeword mapping and MCS selection can be independent. If referred to non-ideal backhaul scenario, the DCI indication is deemed as independent configuration, without close coordination in each TRP. However, due to separate PDCCH scheduling, there are a few issues to be resolved. In the following sub-sections, we analyzed related technical issues.
3.1. PDCCH configuration 

Since multiple PDCCHs reception are required in one slot or in a symbol, there are two questions to be answered: 1) how many TRP specific PDCCHs are allowed to be configured in a slot?; 2) how many PDCCHs are to be decoded in a slot?

The former is related to CORESET and monitoring search space configuration. More accurately, it is relevant to the number of coordinated TRP. The latter is related to PDCCH decoding capability, where how many DL grants are required to decode. Coordinated TRP number depends on the scenario and complexity. In a dense urban or indoor scenario, the coordinated TRP could be larger, but the UMA  or rural case would need small number of TRP coordination. As discussed in section 2.4, the CORESET number is highly relevant to coordinated TRP number. For PDCCH decoding in a overlapped timeslot, if recalling the Rel-15 discussion, at most 2 PDCCHs reception is allowed, which has taken into account the decoding complexity and scheduling flexibility.
Proposal 8: Support at most two PDCCHs reception in a multi-TRP transmission.  
3.2. PDSCH configuration 

In case of multiple PDCCH case, if one PDCCH schedules one PDSCH, then we need to determine how many PDSCHs from multiple TRPs are allowed in one slot. In the Rel-15 discussion, there were some consensus to support at most 2 PDSCHs simultaneous transmission. That is one trade-off between complexity and performance. Basically we think keeping Rel-15 conclusion is reasonable. 

Another issue is HARQ process number. Since multiple PDSCHs can be transmitted with time-overlapped way, the HARQ process number may not be restricted to 16, as defined in R16. In order to keep similar flexibility as Rel-15,  if at most 2 PDSCHs are allowed to schedule simultaneously, HARQ process number can be extended to 16.
Proposal 9: Support at most two PDSCHs reception in a multi-TRP transmission.  
Proposal 10: Extend HARQ process number to 32 in multi-TRP configurations.
3.3. PUCCH configuration
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. 
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. 
In the first method, if using different resource within one PUCCH resource set, actually this has been supported in Rel-15. Currently it has specified that each PUCCH resource can be configured with different PUCCH beam direction. Using DCI to indicate one PUCCH resource targeting to one specific TRP is possible, but it may cause PUCCH resource collision, because the resource size configuration in one resource set is mainly motivated by one single PUCCH transmission in one slot in Rel-15. If specify the different resource sets for different TRP, it may require new flag to identify which resource set is associated with which TRP. 
In the second method, it means within one PUCCH resource it  will configure multiple PUCCH beam indications, where each beam indication is associated with one SpatialRelationInfo field in RRC signaling, thus each field is associated with one TRP. In Rel-15, only one spatial field is configured in one PUCCH resource. Consequently, UE can determine which PUCCH resource set or which beam direction to be used in PUCCH transmission based on received PDCCH and PDSCH. For example, if one TRP is configured to corresponds to one specific CORESET, this CORESET ID can be linked to one PUCCH resource set, or this CORESET ID is linked to one SpatialRelationInfo field of PUCCH resource. One example is shown in the Figure 6.
From the technique prospective, separate HARQ-ACK reporting and joint HARQ-ACK reporting are both feasible. In the non-ideal backhaul case, separate HARQ-ACK reporting is beneficial to overcome the delay impacts. As a result, we think both solution should be supported.
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Figure 6: Example of PUCCH indication in separate feedback
Proposal 11: Support separate PUCCH feedback targeted to different TRP.
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, not spending the time for non-ideal backhaul discussion.
Proposal 12: Focus on the ideal backhaul condition to support URLLC enhancement with multi-TRP transmission.
In the follow subsections, the enhancement of data channel and control channel in DL or UL for URLLC are discussed separately.

· 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. For one slot, if supporting multiple PDCCH reception simultaneously, that would cause significant complexity increase.  In view of complexity and performance, PDCCH repetition number can be up to 8, like as PDSCH repetition in Rel-15, but the involved TRP number should be less than 8, for example 4. 
Proposal 13:  If support crossing multiple TRP repetition, the TRP number can be less or equal to 4.
· PDSCH enhancement 

For multiple TRP based transmission, UE can get the data signals from multiple TRPs, thus, it is possible to improve the reliability through multi-TRP diversity transmission. When talking about the reliability, the throughput is a lower-priority metric; instead, SINR gain is more important. When UE is located in the middle area between two TRPs, the signal strength from these two TRPs could be comparable and relatively weak, so transmission diversity or data repetition is meaningful. Actually, it is more promising in high frequency band due to sudden beam blocking or beam failure. Multi-beam based diversity could be one effective way to overcome beam blocking or other hostile issue. Hence, reliable DL transmission based on multiple TRPs is worthwhile to studying and possibly standardizing. 
As a starting point, PDSCH repetition from multiple TRP is one straightforward scheme, wherein same RV or different RV can be used. Actually in Rel-15, multi-slot PDSCH repetition has been supported, now we just extend it to multiple TRP based slot repetition. Different from Rel-15, TCI indication is more complex for multi-TRP case. Generally, each TRP should have a separate TCI indication. Hence, for PDSCH repetition, if only one scheduled DCI is used, how to indicate the TCI information of multiple TRPs is a bit difficult. In view of limited DCI bits, RRC indicated TCI indication can be considered. This is to say, using one RRC signalling to indicate the possible TRP and TCI pattern, dynamic PDCCH indication is used to trigger TRP based repetition. 
For frequency diversity scheme, non-overlapping frequency resource allocation for different TRP would be a simple way to improve reliability. If same frequency resource is used, same data packet combination from different TRP is also one diversity scheme. The trade-off between more resources and inter-TRP interference needs to be balanced. In ideal backhaul case, more flexible diversity transmission schemes can be considered to get more diversity gain. For instance, traditional SFBC or antenna selection based diversity transmission is possible candidate. If non-overlapping resource allocation is used, layer based diversity accompanied with resource splitting can be considered. In this scheme, the data RE belonging to one codeword can be mapped to different TRPs in different resource block. In this sense, spatial transmission diversity and resource repetition are fully exploited. The spec impact would be small, only indicating the QCL and resource set of different TRP is enough. Therefore, besides simple PDSCH repetition in multiple TRPs, one single codeword over multiple TRP with different resources can be considered for PDSCH reliability enhancement.

Proposal 14: If support PDSCH repetition with multiple TRPs, RRC indicated TRP switching pattern can be used.   
Proposal 15: Support one transport block over multiple TRPs with non-overlapped resources.

· 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, one interesting thing is possibly 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 16: Support PUSCH repetition to multiple TRPs in different slots with RRC indicated SRI and RV pattern.

· PUCCH 

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 is to allow UE to transmit different beam in different slot, where each beam is corresponding to one specific TRP. From specification prospective, only spatial relationship needs to be changed in RRC configuration. More specifically, in 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 17: 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 configuration of PDCCH and PUCCH, reliability enhancement, codeword mapping, CSI feedback, reference signal design and QCL, etc. enhancements of URLLC in multi-TRP/panel transmission are also discussed. 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/panel. In such case, performance loss is expected due to the issue with link adaptation. 
Observation 2: For 2-codeword transmission, 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, similar to codeword-based approach, a potential performance loss can be foreseen as well, if Rel-15 codeword mapping mechanism should still be 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) 
· considering the trade-off between complexity/overhead and flexibility, the following mapping scheme (i.e. mapping scheme 5) is preferred:

· Rel-15 mapping rule is applied, if 1 DMRS port group is configured/indicated
· LTE mapping rule is applied, if more than one DMRS port group are configured/indicated
Proposal 2: 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 3: 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 4: Support dynamic grouping of DMRS ports in Rel-16.
Proposal 5: The DMRS ports within a CDM group are included in the same DMRS group.
Proposal 6: DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible).
Proposal 7: Extend the CORESET number to adapt multi-TRP transmission.
Proposal 8: Support at most two PDCCHs reception in a multi-TRP transmission.  
Proposal 9: Support at most two PDSCHs reception in a multi-TRP transmission.  
Proposal 10: Extend HARQ process number to 32 in multi-TRP configurations.
Proposal 11: Support separate PUCCH feedback targeted to different TRP.
Proposal 12: Focus on the ideal backhaul condition to support URLLC enhancement with multi-TRP transmission.
Proposal 13:  If support crossing multiple TRP repetition, the TRP number can be less or equal to 4.

Proposal 14: If support PDSCH repetition with multiple TRPs, RRC indicated TRP switching pattern can be used.   
Proposal 15: Support one transport block over multiple TRPs with non-overlapped resources.

Proposal 16: Support PUSCH repetition to multiple TRPs in different slots with RRC indicated SRI and RV pattern.

Proposal 17: 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
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
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 
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