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1 Introduction
In RAN1#89 meeting, the following agreement is made to support multi-point downlink transmission schemes [1] with the same and different data stream(s) transmitted from multiple TRPs. 
	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



In addition in RAN1 NR ad-hoc#2 meeting, the following agreement was achieved wrt to the total number of PDSCH that can be scheduled for the UE.
	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




In this contribution we provide our views on the remaining details of supporting NC-JT using multiple DCIs approach and possible enhancement related to CSI support.
2 NC-JT operation in DL
In RAN1, it was agreed that at most two PDSCH are supported for NC-JT operation. The agreed constraint is beneficial for the UE to reduce the complexity of implementation. By similar reason, the constraint on the total number of CWs is also beneficial. In particular, it is also desirable to limit the maximum number of MIMO layer that can be scheduled to the UE to at most 4 layers to achieve maximum of two CWs support. 
Proposal:
· Rel-15 NR supports at most two four MIMO layers with single codeword per each scheduled PDSCH
It should be noted that with PDCCH/PDSCH and MIMO layer constrains, the total number of MIMO layers that can be scheduled to the UE can still exceed UE capability wrt to the maximum number of the supported MIMO layers, e.g., in the scenarios with non-ideal backhaul link. A possible semi-static restriction for the maximum number of MIMO layers per each TRP is likely to provide the performance loss in dynamic traffic environment, where frequent dynamic switching between NC-JT and single-point transmission is expected. It is therefore, necessarily to allow PDSCH scheduling from each TRP (or PDSCH) according to the maximum UE capability wrt to total number of MIMO layers, while specifying PDSCH processing relaxation in case scheduling exceeds UE capability. For example, UE in case the total number of scheduled MIMO layers across all scheduled PDSCHs exceeds that UE capability is allowed to drop PDSCHs processing with NACK reporting.
Somewhat similar processing issue may arise at the UE for CSI reporting, when multiple aperiodic CSI requests from different TRPs can be simultaneously received by the UE. A possible hard split of the CSI requests between TRPs is not desirable approach, considering possible CSI requests transmission in different slots, where UE may have enough processing capability to process all CSI request received in different slots. It is therefore, proposed to allow CSI requests from each TRP according to the maximum UE capability, while also allowing CSI processing dropping at the UE in case the total number of the request for CSI in one slot exceeds UE capability. The CSI dropping can be provided by allowing UE not to update some of the CSI requests above the CSI processing budget supported by the UE. In addition, PUSCH transmission with CSI targeting different CSI requests should be performed on different PUSCH resources.  
Proposal:
· NR support PDSCH scheduling according to the maximum UE capability wrt to total number of MIMO layers

· In case total number of scheduled layer exceeds UE capability, UE is allowed to skip PDSCH processing while providing NACK reports for both PDSCH
· NR supports multiple aperiodic CSI requests received in one slot 
· UE is not required to update CSI exceeding UE capability wrt to CSI processing

· UE is not expected to support PUSCH transmission for different TRPs on the same set of the PRBs
3 CSI enhancement for NC-JT
One approach of CSI reporting for non-coherent JT can be based on new PMI structure. In this case a new codebook design is required, where different MIMO layers can be transmitted with the precoding over subset of the antenna ports. The NR codebook can be extended to support more general codebook structure. More specifically the following precoding code word for CSI calculation may be considered for non-coherent JT:
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 is the precoding matrices corresponding to each transmission point. The number of rows in 
[image: image4.wmf]a

W

 and 
[image: image5.wmf]b

W

 correspond to the number of antenna ports at each TP and the number of columns to the number of MIMO layers. To reduce the number of code vectors in the codebook the number of layers in the 
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 matrix restricted to be greater than or equal to the number of MIMO layers in the 
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 matrix. In addition two RI reports indicating number of MIMO layers for 
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 matrices may be also supported.
Another approach of supporting, CSI reporting for non-coherent JT relies on the use of multiple CSI processes, where each CSI process may be associated with NZP CSI-RS resource corresponding to the TP for interference measurements. Comparing to conventional CSI reporting some dependency between CSI processes should be introduced as the level of interference created by each TP can predicted by the UE. 
[image: image10.emf]
Figure 1: CSI reporting for non-coherent JT using multiple CSI processes 
For example, the PMI and RI calculated for the 1st CSI process (denoted as ‘reference’) can be used for interference calculation for the second (dependent) CSI process to represent interference created by the MIMO layers transmitted by the first TP. The concept of CSI process dependency is illustrated in Figure 1 in more details, where PMI and RI are first calculated on the first TP and then together with NZP CSI-RS resource are used for interference calculation for the second CSI process. In this scheme the CQI information calculated for the 1st CSI process can be also used for calculation CSI for the 2nd CSI process to support more accurate CQI calculation. 

Proposal:
· Consider two approaches for CSI support for NC-JT 
· Support PMI with block diagonal structure and possibly two RI reports, where each RI report indicates the number of MIMO layers in each block
· Support of CSI calculation using channel measurement and reported RI/PMI for other CSI for interference calculation 

4 Summary

In this contribution we provide our views on the remaining details of supporting NC-JT using multiple DCI options. Based on the discussion the following proposal was made:

· NR support PDSCH scheduling according to the maximum UE capability wrt to total number of MIMO layers

· In case total number of scheduled layer exceeds UE capability, UE is allowed to skip PDSCH processing while providing NACK reports for both PDSCH

· NR supports multiple aperiodic CSI requests received in one slot 
· UE is not required to update CSI exceeding UE capability wrt to CSI processing

· UE is not expected to support PUSCH transmission for different TRPs on the same set of the PRBs
· In case CSI report on PUSCH overlapping with other scheduled PUSCH transmission in a slot, UE should not transmit CSI report
· Consider two approaches for CSI support for NC-JT 

· Support PMI with block diagonal structure and possibly two RI reports, where each RI report indicates the number of MIMO layers in each block

· Support of CSI calculation using channel measurement and reported RI/PMI for other CSI for interference calculation 
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