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

· UL control enhancement 

· #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

· 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 discussions about the CSI configuration for CSI measurement and reporting in multi-TRP case had been conducted in RAN1, and no specific agreements were achieved due to limited TUs in R15. However, the following general CSI framework was agreed then [2].

Figure 1. CSI framework in R15.
In release 15, 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, as shown in Figure 2.
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Figure 2. CSI configuration and triggering.
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 in the case of multi-TRP/panel transmission are listed as follows, where N is the number of TRPs within a cooperating TRP set. Each way has its pros and cons, while to optimize system performance, both CSI reports assuming both independent transmission and joint transmission should be reported, which enable the gNB to know more information about the channel.
· Independent CSI measurement and reporting for different TRPs

· N CSI reporting settings for N TRPs (Simple and supported by CSI framework in R15)
· If independent CSI measurement and reporting for different TRPs is applied, CSI-RSs for measurement and CSI parameters for reporting for different TRPs shall be configured in different reporting settings. CSI configuration/triggering for different TRPs shall also be independent, then TRPs are transparent to UE. With independent CSI measurements and reports, gNB can only basically schedule independent transmission on each TRP

· Joint CSI measurement and reporting for different TRPs

· One CSI reporting setting for N TRPs 

· If joint CSI measurement and reporting for the TRPs is applied, CSI-RSs for measuring channel conditions of different TRPs are jointly configured and transmitted, and CSI reports are transmitted with the assumption of joint transmission from multiple TRPs. CSI reports for multiple TRPs are configured in one reporting setting. With joint CSI measurements and reports, 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 reports should be generated per interference hypothesises. The CSI reports for each interference hypothesises can be configured in one CSI reporting setting or separate CSI reporting settings.
2.1 Single PDCCH based multi-TRP/panel transmission
For the case of single PDCCH based multi-TRP, the typical use case is a network with ideal backhaul and gNB has the ability to perform coordinated and joint transmission across multiple TRPs. As discussed 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.
Proposal 1: Joint CSI measurement and reporting should be supported for single PDCCH based multi-TRP transmission.
With CSI reports for multiple TRPs configured in one reporting setting, jointly CMR/IMR configuration for multiple TRPs should be also linked to one reporting setting. As discussed in R15, some possible methods to configure CMR/IMR resources for multiple TRPs are listed as follows:
· Method 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.
· With method 1, the number of CSI resource settings increases with the number of TRPs, and only one CSI-RS resource set is configured/triggered within each CSI resource setting as in R15, which leads to a large increase in RRC signalling overhead.
· Method 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.
· The function of CSI resource setting may be changed with method 2, which may lead to backward compatibility issues with R15.
· Method 3: Reuse the CSI framework in R15 except for extending the configured/triggered number of CSI resource set (n=1 in R15). An example is depicted in figure 4, taking 2 TRPs as an example.
· From the perspective of backward compatibility with R15 and saving RRC signalling overhead, method 3 shown in figure 3 is preferred, and the configured/triggered number of CSI resource sets can be more than 1 as in the initial discussion during R15. The number of CSI resource sets configured/triggered in each resource setting is equal to the number of TRPs, which is 2 in the example in figure 3.
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Figure 3. Candidate CSI framework 3 for Multi-TRP.
Proposal 2: The number of CSI-RS resource sets which can be configured/triggered within each resource setting should be extended to be more than 1 for single PDCCH based multi-TRP transmission.
For joint CSI measurement and reporting, reporting qualities for multiple reports for multi-TRP are configured in one reporting setting. RI/PMI should be jointly calculated and reported at least from our point of view. For RI reporting, the sum rank of CSI reports assuming independent transmission is probably not the same as the rank of CSI reports assuming joint transmission. The reported RIs should be per interference hypothesises and be chosen from a set of jointly chosen 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. 

2.2 Multiple PDCCH based multi-TRP/panel transmission
For multiple PDCCH based multi-TRP transmission, the typical use case is a network with non-ideal backhaul. A considerable large delay exists across multiple TRPs, and gNB has difficulties in performing joint transmission. It is also difficult to perform joint CSI measurement and reporting due to the large delay between TRPs. Furthermore, the benefit of joint CSI measurement and reporting is unclear in the case of non-ideal backhaul. 
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 shall be configured in different CSI reporting settings independently and CSI triggers for AP CSI reporting should also be independent. Taking a 2 TPPs case as an example, an independent CSI configuration for multiple TPPs is illustrated in figure 6. Each reporting setting is linked to a TRP while the linkage is transparent to UE. UE just performs CSI measurement and reporting following the CSI configuration and/or triggering by gNB.
3 Conclusion
In this contribution, CSI measurement enhancement for eMBB multi-TRP transmission is discussed. In summary, the proposals are made.
Proposal 1: Joint CSI measurement and reporting should be supported for single PDCCH based multi-TRP transmission.

Proposal 2: The number of CSI-RS resource sets which can be configured/triggered within each resource setting should be extended to be more than 1 for single 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.
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