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1 Introduction
The following agreements for eMBB multi-TRP/panel enhancement were achieved in previous meetings in R16 [1-2].
Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind detection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.

Agreement

· For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 

· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms(FFS, optional)

· Companies to provide the delay values used in their evaluations

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. 
In this contribution, we will discuss the necessity of CSI measurement enhancement for eMBB multi-TRP transmission and potential solutions.
2 CSI measurement and reporting for multi-TRP/Panel transmission
In R15, some initial discussion about the CSI configuration for CSI measurement and reporting in multi-TRP case had been conducted in RAN1, but no consensus is achieved. Finally, we agreed the following general CSI framework:

Figure 1. CSI framework in R15.
For periodic and semi-persistent CSI resource setting, the number of CSI-RS resource sets configured within each CSI resource setting is limited to 1. For aperiodic CSI resource setting, multiple CSI-RS resource sets can be configured within each CSI resource setting, but only 1 CSI resource set can be triggered.
To enable multi-TRP transmission, CSI measurement and reporting should be performed under the assumption of multi-TRP transmission, such as DPS, NCJT etc. 
Two typical ways for CSI measurement and reporting can be used:
· Independent CSI measurement and reporting for different TRPs

· N CSI reporting settings for N TRPs (Simple and supported by CSI framework in R15)
· Joint CSI measurement and reporting for different TRPs

· 1, One CSI reporting setting for N TRPs with only one interference hypothesis and M CSI reporting settings for M interference hypothesises
· 2, One CSI reporting setting for N TRPs with all interference hypothesises
If independent CSI measurement and reporting for different TRPs is employed, CSI-RS for measurement and CSI parameters to report for different TRP are configured in different reporting setting. CSI configuration/triggering for different TRP can also be independent, then TRPs are transparent to UE. With results of independent CSI measurement and reporting, gNB basically perform non-CoMP transmission. 
If joint CSI measurement and reporting for the TRPs is employed, CSI-RS for measurement of channel conditions of different TRPs are union configured and transmitted, and CSI parameters are reported with the assumption of coordinated transmission by one or multiple TRPs. CSI reports for multiple TRPs are configured in one reporting setting. With results of joint CSI measurement and reporting, gNB can choose the optimal transmission scheme to obtain the best system throughput. Coordinated transmission from one or multiple TRPs may have multiple possible interference hypothesises, and CSI parameters should be reported per interference hypothesises.
Actually, from the perspective of system performance, both CSI results assuming non-CoMP transmission and coordinated transmission should be reported, which support gNB has more information about the channel co. For example, the sum of rank with independent CSI measurement and reporting assuming non-CoMP transmission is not same with the rank with joint CSI measurement and reporting assuming coordinated transmission. PMIs for different TRPs should be jointly searched to mitigate the interference between layers. Based on RI/PMI, CQI is more accurate for coordinated transmission from multi-TRP.
3 Single PDCCH based multi-TRP/Panel transmission
For the case of single PDCCH based multi-TRP, the typical use case is ideal backhaul and gNB has the ability to perform coordinated transmission across multiple TRPs. As discus in Section 2, to guarantee the performance of single PDCCH based multi-TRP transmission, joint CSI measurement and reporting for different TRPs is preferred, which means CSI reports for multiple TRPs are configured in one reporting setting as shown in Figure 2.
Proposal 1: Joint CSI measurement and reporting for single PDCCH based multi-TRP transmission should be supported in Rel-16.  
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Figure 2. Illustration of joint CSI configuration for Multi-TRP.
With CSI reports for multiple TRPs configured in one reporting setting, union CMR/IMR configuration for multiple TRPs should be also linked to one reporting setting. As discussed in R15, two possible way to configure CMR/IMR resources for multiple TRPs is listed as follows:
· 1, N CMR resource setting, N NZP IMR resource setting and N CSI-IM resource setting for CSI measurement of N TRPs. One CMR/NZP IMR/CSI-IM resource setting for one TRP.

· 2, N NZP CSI resource setting for N TRPs among which i-th (i=1~N) CSI resource setting is for CM for the i-th TRP and the other CSI resource settings are for IM, one or N CSI-IM resource setting for IM for N TRPs
· 3, Reuse the CSI framework in R15 except for extending the configured/triggered number of CSI resource set (n=1 in R15).

For method 1/2, the number of CSI resource settings increase with the number of TRPs, and only one CSI-RS resource set is configured/triggered within each CSI resource setting as in R15, which lead to a large increment in RRC signalling overhead. Especially, the function of CSI resource setting may be changed in method 2, which may lead to back compatible issues with R15.

From the perspective of back compatibility with R15 and saving RRC signalling overhead, we prefer method 3 and the configured/triggered number of CSI resource sets can be more than 1 as in SI in R15. Take 2 TRPs as an example, an example of joint CSI configuration with method 3 for multiple TPPs is depicted in figure 3. The number of CSI resource set configured/triggered in each resource setting is equal to the number of TRPs, which is 2 in the example in figure 3. As discussed in R15, CSI-RS resource for channel measurement (CMR) of TRP 1 can be reused as that CSI-RS resource for interference measurement (IMR) of TRP 2, of which one benefit is to reduce the CSI-RS resource overhead. Another benefit is to perform interference emulation at gNB side, in the case of NZP CSI-RS for interference measurement. In the case of NZP CSI-RS for interference measurement, same CSI-RS resource IDs can be referred in CSI resource set 1’(2’) and CSI resource set 2 (1), which means CMR of one TRP can be IMR of another TRP.
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Figure 3. An example of joint CSI configuration for Multi-TRP.
For the CSI parameters to report for multiple TRPs, RI/PMI should be jointly reported at least from our views. For RI, the reported RIs should be reported per interference hypothesises and should be chosen from a set of union of RIs for M TRPs, where M is the number of TRPs to coordinate within certain interference hypothesise. RI restriction can be re-interpreted as the restricted sum rank of coordinated transmission. 

To support joint CSI measurement and reporting with the assumption of coordinated transmission, two issues should also be addressed in our views, except for the specification of joint CSI configuration we discuss above. 
One issue is CW to layer mapping assumption for CQI calculation. As discussed in our companion contribution [3], the channel qualities between multiple TRPs may have a significant difference, and it is un-reasonable to reuse the CW to layer mapping in R15. Take one codeword as an example, different layers transmitted from different TRPs may experience different channels. It is hard for UE to determine the CQI and gNB to determine the MCS of transmission layers of different layers. Then new CW to layer mapping should be supported, which means the CW to layer mapping assumption for CQI calculation should also be modified.
Another issue is QCL indication for CSI-RS resource. As discussed above, one NZP-CSI-RS resource can be either CMR or IMR. It is also agreed in R15 that CMR and IMR should be QCL-ed. Then the issue comes that the receiving beam for different TRPs may be different and QCL indication should be independent for different TRPs. It means multiple QCL indication should be supported for one CSI-RS resource if one CSI-RS resource is multiplexed for both CMR and IMR.
Proposal 2: New CW to layer mapping assumption, e.g. up to 4 layers, for CQI calculation and QCL indication for resources should be specified for joint CSI configuration.  
4 Multiple PDCCH based multi-TRP/Panel transmission
For the case of multiple PDCCH based multi-TRP transmission, the typical use case is non-ideal backhaul. A random delay exists across multiple TRPs, and gNB has trouble in performing coordinated transmission. It is hard for gNB to perform joint CSI measurement and reporting due to the delays between TRPs. Furthermore, the benefit of joint CSI measurement and reporting is unclear. Therefore, we have the following proposals for multiple PDCCH based multi-TRP transmission.
Proposal 3: Independent CSI measurement and reporting is a baseline for the CSI enhancement in multiple PDCCH based multi-TRP transmission.

For independent CSI measurement and reporting, CSI reports for different TRPs are configured in different CSI reporting settings and CSI triggering for AP CSI reporting should also be independent. Take 2 TRPs as an example, an example of independent CSI configuration for multiple TPPs is depicted in figure 3. For independent CSI configuration, each reporting setting is linked to each TRP while the linkage is transparent to UE. UE just perform CSI measurement and reporting follow the CSI configuration and/or triggering by gNB.
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Figure 4. An example of independent CSI configuration for Multi-TRP.
5 Conclusion
In this contribution, CSI measurement enhancement for eMBB multi-TRP transmission is discussed. In summary, the following observation and proposal are made.
Proposal 1: Joint CSI measurement and reporting for single PDCCH based multi-TRP transmission should be supported in Rel-16.  
Proposal 2: New CW to layer mapping assumption, e.g. up to 4 layers, for CQI calculation and QCL indication for resources should be specified for joint CSI configuration.  
Proposal 3: Independent CSI measurement and reporting is a baseline for the CSI enhancement in multiple PDCCH based multi-TRP transmission.
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