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1. Introduction
For the multi-panel and multi-TRP transmission, in RAN1 #89 meeting, there were some agreements as follows: 

 SHAPE  \* MERGEFORMAT 



In the RAN1 NR AH #2 meeting, there were the following agreements on multiple panels and multiple TRPs transmission [1]: 
 SHAPE  \* MERGEFORMAT 



Based on the above agreements, we investigate possible CSI feedback schemes and provide our preferences for multi-TRP and multi-panel based transmissions.
2. Transmission schemes
As discussed in previous meeting, non-coherent JT is one possible scheme in NR multiple TRPs transmission study to achieve the gain of multiple TRP co-scheduling. Within this scheme, one or two PDSCH can be transmitted from one set of multiple TRP or multiple panels non-coherently. Moreover, data streams are assumed as different from different TRP in this scheme. Regarding QCL configuration, normally multiple panel transmission will be treated similarly as multiple TRPs transmission, assuming different QCL configuration is applied. From UE side, it expects to use different DMRS ports with separate QCL configuration to demodulate data streams from different TRPs. Considering implementation limitation and frequency offset among multiple TRPs, coherent JT it is more challenging than other CoMP transmission schemes. If recalling the LTE CoMP study, another important transmission scheme, dynamic point selection (DPS) should be considered. Actually in real transmission, single TRP transmission is simpler and effective due to no close coordination among multiple TRPs. In this sense, DPS transmission could be taken as one fallback transmission scheme when supporting NC-JT operation. 
Proposal 1: Dynamic single TRP selection should be enabled when supporting multiple TRP NC-JT transmission.
3. CSI feedback considerations 
In case of CSI feedback of multi-TRP transmission, as discussed in section 2, DPS and NC-JT are considered to be supported together. Then CSI feedback should fulfill the requirements of two transmissions schemes at least.  For DPS transmission, one straightforward consideration is to configure one unique CSI reporting for each TRP under NR CSI framework, where each reporting configuration will be associated with RS setting and measurement configuration, as well as including the configurations of channel measurement and interference measurement respectively. For the NC-JT transmission CSI feedback, one specific CSI-RS resource needs to be configured for each TRP, meanwhile, PMI, RI and CQI can be calculated jointly for selected TRPs. The main change compared to single TRP transmission is to consider inter-layer interference from multiple TRPs and keep per TRP PMI/RI reporting. Naturally maximum transmission layers shouldn’t exceed the UE capability. When multiple hypotheses are configured together, dynamic switching of DPS and NC-JT can be enabled easily.
Proposal 2: In order to support DPS and NC-JT dynamically switching, the corresponding CSI hypotheses need to be supported both.

Proposal 3:  For NC-JT transmission, PMI selection is not expected to cross multiple CSI-RS resources, but CSI calculation needs to consider inter-layer interference and UE capability.
For NC-TJ transmission, as agreed in RAN1 #89 meeting, there are two kinds of transmission ways, one is one PDSCH is coming from one single TRP but two PDSCH transmission from two TRPs simultaneously, and another is one PDSCH from multiple TRP with multiple layers. Regarding the CSI feedback design, some issues can be analyzed separately.

· CSI-RS resource configuration 
When NC-JT is enabled, one CSI-RS resource pool should be informed to the UE. In case of the CSI reporting setting, since multiple CSI hypotheses are required to support different transmission way, there might have two possible configurations for CSI reporting, in which one is that one CSI reporting is associated with multiple hypotheses, and another is one CSI reporting is only mapping to one hypotheses. For NC-JT transmission, one CSI reporting corresponding to multiple hypotheses is more preferred, because it will simplify the CSI reporting configuration. Then, each CSI reporting setting will be associated with one or multiple CSI-RS resource settings for channel measurement and one or multiple resource settings for interference measurement, and also associated with multiple specific CQI calculation way. UE may be configured with multiple CSI reporting, in which each reporting is linked to one CSI hypothesis.
Proposal 4:  For NC-JT transmission, UE can be configured with multiple CSI reporting settings, where each is associated with one or multiple NZP-CSI-RS resource settings for channel measurement and one or multiple resource setting for interference measurement, as well as multiple CQI calculation hypotheses.
· CSI calculation and reporting for NC-JT
In the NC-JT, different layers of one PDSCH may come from multiple TRPs, UE will calculate the maximum rank based on two TRP channel status. PMI calculation need to consider the inter-layer interference and CQI will be derived by selected PMI and transmission layers. It should be noted that PMI dimension is restricted to the antenna port number of single CSI resource. One new issue is that one CW may be mapping to multiple TRPs, in this case, one CQI is still linked to one CW, but CQI calculation will be associated to layer mapping from multiple TRPs. 
When two PDSCH are transmitted to the UE where each PDSCH comes from a different TRP, UE still needs to perform one joint CSI calculation and selection based on selected TRPs. but the codeword to layer mapping is much simpler. If following one rule in which one CW is associated with one CQI, then the maximum CW number of two PDSCH is 4, consequently, at most 4 CQIs need to be reported.  Considering the complexity of ACK/NAK feedback and CQI reporting, as discussed in our companioned contribution [2], we prefer one CW per PDSCH for two PDSCH transmissions.
Proposal 5: Support separate CSI reporting configuration for single PDSCH transmission and multiple PDSCH transmission.  
· CSI feedback to support the switching between DPS and NC-JT
Optimally, if supporting DPS and NC-JT simultaneously, all possible CSI combination should be configured together. For example, for 2-TRP case, total CSI combinations/hypotheses are shown as the follows: 
	CSI hypotheses/reporting
	TRP1
	TRP2

	DPS1
	1
	0

	DPS2
	0
	1

	NC-JT1
	1
	1


     Table 1 CSI hypotheses for 2 TRP transmission set (“1” means this CSI-RS is used for PMI calculation)
From the above table, in total 3 CSI hypotheses are needed to support all possible transmission ways in 2-TRP transmission set. If all CQIs are reported with periodic way, it would cause much overhead in UL feedback. For sake of overhead reduction, one alternative solution is using aperiodic CSI reporting for NC-JT CSI hypotheses [3]. For this aperiodic triggering, in pros aspect, it could save the overhead, but in cons aspect, it needs additional DCI triggering, meanwhile, if supporting dynamic switching of DPS and NC-JT, periodic CSI feedback is desired. In order to simplify the CSI feedback configuration, some optimizations can be considered. 
For instance, when 2-TRP NC-JT is configured, if RI of each TRP is greater than 0, it will be corresponding to NC-JT transmission, but if RI value of one TRP is equal to 0, it is equivalent to only another TRP selected, in other words, DPS becomes one special NC-JT transmission. As shown in the table 2, for one NC-JT combination, single TRP selection means another TRP have no data transmission, in this case, DPS transmission becomes one sub-mode of NC-JT. For CSI feedback, UE can report one joint CSI associated with NC-JT, where the main difference compared to table 1 is that if only one TRP is selected, the RI of another TRP is equal to 0. In the CSI calculation process, UE will perform the comparison of normal NC-TJ and DPS. Based on throughput comparison, UE will only report one CSI, either DPS, or NC-JT. Since only RI is different from CSI content prospective between DPS and NC-JT, gNB can get exact CSI hypothesis and related CSI only after RI identification. Using this aggregated CSI reporting mode, it can save CSI reporting overhead and simplify CSI reporting configuration, because DPS has been integrated into NC-JT with one special transmission way. 
	One aggregated  hypothesis
	TRP1
	TRP2
	Only reporting one CSI

	NC-JT
(total Rank<8)
	RI1>0
	RI2>0
	Normal NC-JT

	
	RI1=0
	 RI2>0
	Special JT

	
	 RI1>0
	RI2=0
	Special JT


                                   Table 2 Aggregated CSI reporting for 2-TRP transmission set
Proposal 6: Consider CSI reporting overhead reduction to support DPS and NC-JT switching through CSI aggregation.
4. Conclusions

 In this contribution, we investigated different technical aspects for CSI feedback on multiple TRP transmission. In conclusion, we have the following proposals and observations:
 
Proposal 1: Dynamic single TRP selection should be enabled when supporting multiple TRP NC-JT transmission.

Proposal 2: In order to support DPS and NC-JT dynamically switching, the corresponding CSI hypotheses need to be supported both.

Proposal 3:  For NC-JT transmission, PMI selection is not expected to cross multiple CSI-RS resources, but CSI calculation needs to consider inter-layer interference and UE capability.

Proposal 4:  For NC-JT transmission, UE can be configured with multiple CSI reporting settings, where each is associated with one or multiple NZP-CSI-RS resource settings for channel measurement and one or multiple resource setting for interference measurement, as well as multiple CQI calculation hypotheses.

Proposal 5: Support separate CSI reporting configuration for single PDSCH transmission and multiple PDSCH transmission.  

Proposal 6: Consider CSI reporting overhead reduction to support DPS and NC-JT switching through CSI aggregation.
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Agreements:


The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier


FFS in case of two or more bandwidth parts for the component carrier


FFS the max number of corresponding NR-PDCCHs





Agreements:


Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation


Include in the LS the following content 


RAN1 agreement from RAN1#89


RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation


RAN1 thinks that the above agreement may have impact on RAN2 specification


Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic





Agreements:


Adopt the following for NR reception:


Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs


Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 


Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner


Note: CSI feedback details for the above case can be discussed separately





Agreements:


For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:


The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4


To be decided next meeting


FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for


     a UE, including the case of signaling a single NR-PDCCH/PDSCH











