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1 Introduction
In RAN1#89 meeting [1], the following agreement is made regarding possible approaches of supporting multi-point transmission schemes. 
	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 RAN1 NR ad-hoc#2 meeting [2], 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 RAN1#90 meeting [3], the following agreement was achieved wrt to the total number of CW and PDSCH that can be scheduled for the UE.
	Agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

· FFS the max number of corresponding NR-PDCCHs


In this contribution we provide our views on some of the remaining details of supporting multi TRP operation for both DL and UL.
2 Multi-TRP transmission and reception schemes
The downlink and uplink multi-panel and multi-TRP operation can be used to establish two or more communication links between a single UE and multiple TRPs or panels as shown in Figure 1. In general case, multiple links can be used to increase the throughput (including peak data rate for the UE) and/or to provide additional diversity gains for the transmission. To improve the data rate performance different data streams can be transmitted on different links, so that the total number of MIMO layers scheduled for the UE is increased. At the same time, the same information data (encoded in different way, e.g. by using different RVs) can be also transmitted in multi TRP and multi panel scenario to achieve the diversity gains, so that TRP or UE has multiple received signals that can be used to improve reliability of the transmission. For NR, multi-TRP and multi-panel operation should consider both transmission scenarios.
Proposal:
· For multi-TRP and multi panel operation the following transmission scenarios can be considered for DL and UL
· Different data is transmitted from different links to increase the throughput;

· The same data is transmitted from different links to achieve some diversity gain.
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Figure 1: Structure for multi-panel and multi-TRP operation

3 Multi-TRP and multi-panel operation in DL
PDSCH processing

In RAN1, it was agreed that at most two PDSCH are supported for multi TRP 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 was also introduced. In particular, the total number of CWs that can be simultaneously scheduled across all PDSCHs is two CWs.
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 multi TRP 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, e.g. with NACK reporting.
Proposal:
· NR supports each 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
DM-RS enhancement

Since the transmission from different TRPs may overlap in the frequency domain, the channel estimation may suffer from the 

Proposal:
· NR supports DM-RS antenna port indication that could achieve orthogonal DM-RS port multiplexing

· Consider to reuse MU-MIMO framework for DM-RS antenna port indication
CSI enhancement
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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where 
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 is the precoding matrices corresponding to each transmission point. The number of rows in 
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 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 
[image: image7.wmf]a

W

 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: image11.emf]
Figure 2: 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 2 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 multi TRP 
· 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 Multi-TRP and multi-panel operation in UL
Control Signaling

The propagation environment in different links may be different, which may be equal to multiple TAs or even exceed the CP in some numerologies. Hence to support more efficient uplink multi-panel and multi-TRP operation, support of multiple TAs is necessary, where one TA is used for each link. To support such operation, UE should report the number of SRS antenna port groups and the number of antenna ports per each SRS groups. Then one SRS antenna ports group can be considered as one UE antenna panel which can transmit SRS antenna ports group with a given TA value. If the target receiving TRP changes, the TA for that SRS antenna port group should be updated accordingly.

Proposal: 

· Independent TA for each SRS antenna ports group should be specified in NR to compensate different propagation delays on different links in the uplink
LTE support multiple CSI-RS processes for downlink CoMP so that the UE could estimate the CSI for different links. Unlike uplink CoMP in LTE, SRS transmitted to different TRPs in NR could originate from different antenna panels of the UE. As the result multi-panel and multi-TRP operation in uplink of NR could be considered similar to support of downlink CoMP in LTE, where multiple SRS resources groups can be supported similar to multiple CSI-RR resource support. Then to support uplink multi-panel and multi-TRP operation, different SRS resources groups can have different SRS APs subset index, power control settings and TA indications, which is used to reflect different configurations for different links. Different SRS APs subset can have different pathloss resulting from different orientation angles.
Proposal: 
· To support uplink multi-panel and multi-TRP operation, different SRS resource group can be configured with different SRS antenna port subsets, power control settings and TA indications.

Uplink transmission Scheme

NR supports the following transmission schemes for uplink transmission:

· Codebook based transmission
· Non-codebook based transmission
· Transmit diversity
Ideally, the non-codebook based transmission could achieve the best performance as the best precoder can be used for signal transmission. However calculation of the precoder using downlink signal requires not only the channel reciprocity but also good link quality in the downlink. Higher downlink SINR can result in more accurate downlink channel estimation, which can help to create an accurate uplink precoder. Hence with channel reciprocity, if the downlink SINR is high, the non-codebook based transmission scheme can be used. On the other hand, if the downlink SINR is low, usage of the codebook based transmission is more promising to avoid wrong precoder assignment based on an inaccurate channel measurements in the downlink. Therefore, in general case configuration of the different transmission schemes for different links can be considered for uplink.

Proposal: 
· Different transmission schemes can be considered for different links for uplink
5 Summary

In this contribution we provide our views on the remaining details of supporting multi TPR operation in DL and UL. Based on the discussion the following proposals were made:

· For multi-TRP and multi panel operation the following transmission scenarios can be considered for DL and UL
· Different data is transmitted from different links to increase the throughput;

· The same data is transmitted from different links to achieve some diversity gain.

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

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

· NR supports DM-RS antenna port indication that could achieve orthogonal DM-RS port multiplexing

· Consider to reuse MU-MIMO framework for DM-RS antenna port indication
· Consider two approaches for CSI support for multi TRP 

· 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 
· Independent TA for each SRS antenna ports group should be specified in NR to compensate different propagation delays on different links in the uplink

· To support uplink multi-panel and multi-TRP operation, different SRS resource group can be configured with different SRS antenna port subsets, power control settings and TA indications.
· Different transmission schemes can be considered for different links for uplink
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