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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 X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.

· X=2

· FFS: X=3

Agreement

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

Agreement

For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 

· Separate ACK/NACK payload/feedback for received PDSCHs is supported

· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback

· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 

· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 

· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

Other restrictions are not excluded, for example BWP switching

Agreement

TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 

· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 

· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 

· FFS design for DMRS type 2

· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement

For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

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

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

· For further study:

· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.

· Whether to support mini-slot PDSCH repetitions 

· Signalling mechanism 

· Companies to consider how the schemes apply for FR1 and FR2

· Whether the number of repetitions can be larger than the number of TCI states (n)

· Further clarification for each scheme can be elaborated in RAN1 96 

· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations

· SFN transmission based on Rel-15 from multi-TRP with single TCI state

· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs

· Note that supporting multiple schemes in Rel-16 is not excluded.  

· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

In this contribution, we 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.
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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, 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 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 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 maximum rank in evaluation is 4. 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].

[image: image2.png]135%
115%
95%
75%
55%
35%
15%
-5%

RU=20%, max rank=4

102.7%
71.4%
641 58.3%
46.3%
35.7%
I 15.6%
5% 50% 95% mean

MW single CW mdouble CWs




[image: image3.png]135%
115%
95%
75%
55%
35%
15%
-5%

133.7%

84.8

5%

RU=40%, max rank=4

112.2%
93.3%
I 54.2%55.8%
50% 95%

msingle CW  mdouble CWs

101.4%




[image: image4.png]135%
115%
95%
75%
55%
35%
15%
-5%

127.2%

8OS’I
5%

RU=60%, max rank=4

143.4%
128.0% 126.8%
I 106.5%112'4% 11i
50% 95% mean

msingle CW  mdouble CWs





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

As shown in section 1, it has been agreed to down select one alternative from the following in RAN1 96.
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs

· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 

· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

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 (i.e., Alt. 1). 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. 
In Alt.3, the above mentioned issue of DMRS/data collision between PDSCHs can be eliminated, if the Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type can be kept. For type A PDSCH mapping, it’s noted that even though the same configuration of DMRS parameters can be achieved by semi-static coordination over capacity-limited backhaul, the actual location of DMRS symbols still depends on the duration of scheduling. Consequently, without keeping the same scheduling duration of different PDSCHs, it’s actually impossible to align the location of DMRS symbols. In this sense, besides the DMRS parameter configuration,  further coordination is needed in Alt. 3.

Based on the discussion above, at least for type A PDSCH mapping, alignment of scheduling duration is still needed. Or, in the other word, fully overlapped resource allocation of PDSCHs in time domain is desirable. To that end, the following alternatives are possible.

· Use the same scheduling duration for both PDSCHs.  In order to keep the fully overlapped resource allocation of PDSCHs in time domain, information exchange among coordinated TRPs are needed. Or, a predefined identical scheduling duration should be specified in specification.
· Use the same possible location of DMRS symbols. For example, a unified DMRS pattern regardless of the scheduling duration can be defined. In data transmission, the DMRS symbols outside the actual scheduling duration is not transmitted. With such approach, even different scheduling durations could be used for different PDSCHs, the DMRS symbols from different PDSCHs can still be aligned.  However, this implies the introduction of new DMRS patterns.
Considering the potential standardization impact, the first alternative, i.e. fully overlapped time-domain resource allocation, is preferred.

In addition, 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.
For Alt.2, non-overlapped PDSCHs at both time and frequency domains can be achieved by semi-statically configured partition of resources for each TRP. If so, there would have totally no inter-PDSCH interference. Whereas, the spectral efficiency gain of NC-JT with spatial multiplexing of layers from more than one TRPs/panels vanish. Since more dynamic coordination are required, considering the potentially high-latency backhaul, full-overlapped case is basically infeasible in practical. 
Proposal 6: Support Alt. 3 with the following refinement.
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 

· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.
· Fully overlapped resource allocation of PDSCHs in time domain. 
· 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.
3.2. PDCCH differentiation 
For the case where multiple PDCCHs can be transmitted in the same slot, some mechanism need to be introduced to enable the UE to differentiate several DCIs with potentially different TCI. As shown in the feature lead summary for multi-TRP/panel transmission in the last meeting [4], the following alternatives have been discussed.
[Draft for offline] Proposal 4:  For multiple-PDCCH based multi-TRP/panel transmission, at least for eMBB with non-ideal backhaul, following RRC configuration can be used to differentiate multiple PDCCH/PDSCH pairs from different TRPs, down-select one from following alternatives in RAN1 96 in Athens:

· Alt 1: support multiple  “PDCCH-config” per serving cell so that CORESETs/search space sets in each “PDCCH-config” correspond to one TRP 
· Alt 2: each CORESET in the “PDCCH-config” corresponds to one TRP
· Alt 3: each CORESET in the “PDCCH-config” can correspond to multiple TRP with multiple TCI states
· FFS: implicitly/explicitly dynamic TRP differentiation mechanism 

With Alt.3, multiple TRPs/panels can share a single CORESET, and different search spaces can be used by different TRP/panel. However, in current spec. the QCL indication is done per CORESET, rather than per search space. Therefore, this approach would need more standardization efforts than the remaining two alternatives. 

Since up to 3 CORESETs can be configured per BWP, and if each of them can be associated with one TRP/panel, Alt. 2 seems to be compatible with current Rel-15 spec. However, as different CORESET can be used for different purposes, e.g., scheduling for URLLC and beam management etc., the number of CORESET may still need to be increased with that alternative. Similarly, more CORESETs are needed in Alt. 1 as well.  In addition, increasing the number of “PDCCH-config” is RAN2 related.
Based on the discussion in this section, both Alt. 1 and 2 are acceptable to us, and Alt. 2 is slightly preferred.
Proposal 7: For PDCCH differentiation, both Alt.1 and 2 con be considered, and Alt.2 is slightly preferred.

3.3. 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 8: 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 9: Focus on the ideal backhaul condition to support URLLC enhancement with multi-TRP transmission.
In the last meeting, the following PDSCH transmission schemes for multi-TRP/panel based reliability enhancement were discussed:

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

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

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

Similar to the above shemes, DL/UL control channels and UL data channel for URLLC should also be enhanced.

· 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 10:  Consider repetition transmission of PDCCH. The baseline scheme should be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.
· 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 11: Support PUSCH repetition over 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 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 12: 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, 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 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: Support Alt. 3 with the following refinement.
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 

· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.
· Fully overlapped resource allocation of PDSCHs in time domain. 
· 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 7: For PDCCH differentiation, both Alt.1 and 2 con be considered, and Alt.2 is slightly preferred.

Proposal 8: Support both separate and joint PUCCH feedback for multi-TRP/panel transmission based on multiple PDCCHs.
Proposal 9: Focus on the ideal backhaul condition to support URLLC enhancement with multi-TRP transmission.
Proposal 10:  Consider repetition transmission of PDCCH. The baseline scheme should be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.
Proposal 11: Support PUSCH repetition over multiple TRPs in different slots with RRC indicated SRI and RV pattern.

Proposal 12: Support PUCCH repetition with spatial relation switching
6. References
[1]. RP-182067, “Revised WID: Enhancements on MIMO for NR,” Samsung.
[2]. 3GPP RAN1 #AH1901 chairman notes.
[3]. R1-1902022, “Evaluation results of multi-TRP/panel transmission,” CATT.
[4]. R1-1901371, “Feature lead Summary for enhancements onMulti-TRP,” Huawei.
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 


