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1 Introduction
In RAN1 NR Ad Hoc meeting, the following agreements were achieved for NR coordinated transmission schemes and QCL assumption [1]: 

· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:

· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)

· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 

· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.

· Study network coordination schemes with ideal & non-ideal backhaul links, considering 

· Fast CSI acquisition

· e.g. coordinated TRPs obtain CSIs through physical air interface

· e.g. SRS configuration exchanging between different TRPs

· Other techniques are not precluded
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.

· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.

· FFS the signaling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.

In this contribution, we discuss potential coordinated approaches with NIB links for NR, including resource scheduling and fast CSI acquisition.
2 Potential coordinated approaches with NIB links for NR
2.1 Independent resource scheduling

For non-coherent JT, different TRPs can transmit different CWs to the same UE simultaneously [2]. NR support downlink transmission of different NR-PDSCH data streams from multiple TRPs with non-ideal backhaul links. Furthermore, resource allocations on different TRPs include three schemes as follows:


Scheme 1: The resource allocations from different TRPs for a UE are fully overlapped


Scheme 2: The resource allocations from different TRPs for a UE are partially overlapped

Scheme 3: The resource allocations from different TRPs for a UE are not overlapped
If we do not restrict the resource allocation rules (i.e., overlapped or not overlapped as shown in figure 1) for non-coherent JT, different TRPs can simultaneously schedule the same UE independently to obtain the best performance according to its own and the latest CSI. Such independently scheduling could avoid the scheduling results exchanging delay through X2 interface to guarantee that the coordination is not affected by NIB links.
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Figure 1. The resource allocations from different TRPs 

Note that independent resource scheduling with possible overlapped resource allocation from multiple TRPs may require advanced receivers (e.g., IRC-SIC receivers, etc.) and lead to high implementation complexity for UEs. It would be feasible to consider non-overlapping resource allocation approach firstly in NR to reduce UE’s complexity as such scheme has non-overlapped resource allocation and consequently has no inter layer interference to each other.  Such non-overlapping scheme may require pre-allocated resources and resource coordination among different TRP. 

Proposal 1: Independent resource scheduling for non-coherent JT with non-ideal backhaul links should be supported.
Furthermore, in order to realize independent resource scheduling and avoid the impact of backhaul conditions, each coordinated TRP can send its own NR-PDCCH to the same UE independently. In this case, the UE needs to monitor and receive multiple NR-PDCCH to decode different layers from different TRPs. As multiple NR-PDCCH can be designed using the same DCI format and different TRPs can use the same UE’s search space to transmit the NR-PDCCH, the number of PDCCH candidates and the UE complexity of blind detection will not be increased. Considering the coverage of NR-PDCCH, different TRPs can use different aggregation levels. For example, the coordinated TRP can use a high aggregation level to transmit its NR-PDCCH. Moreover, DMRS-based demodulation can reap the benefit of beamforming gain, especially for the UE-specific NR-PDCCH. More issues such as the detail design of blind detection, DMRS-based demodulation, and payload size of multiple NR-PDCCH should be further studied.
Proposal 2: For flexible and efficient coordinated transmission, reception of multiple NR-PDCCH corresponding to NR-PDSCH data streams from multiple TRPs within the same carrier simultaneously for the UE should be supported in NR.
2.2 DMRS ports grouping
In last meeting, it is agreed that support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed. For NR coordinated transmission schemes, different TRP can use different DMRS ports groups. Furthermore, in order to support independent scheduling by each TRP in NR, different TRPs need to use orthogonal DMRS regardless of what schemes of the resource allocation are used. One possible method for NR is that different orthogonal DMRS groups could be divided by different time-frequency resource. For example, one DMRS group includes ports 7, 8, 11, 13, and the other DMRS group includes ports 9, 10, 12, 14. In this way, there is no need to exchange information instantaneously and long term information-exchanging is enough. In this case, different coordinated TRPs can use different DMRS groups by pre-defined or signalled by serving TRP.  Another approach is that DMRS ports may be implicitly allocated. For example, different CWs correspond to different DMRS ports groups according to the index of CWs can be per-defined or signalled by the serving TRP. Through these approaches, independent scheduling can be realized without time-sensitive information exchange and the performance gain can be obtained. 
Proposal 3: DMRS ports grouping divided by different time-frequency resource for network coordination schemes with non-ideal backhaul links should be considered.
2.3 Fast CSI acquisition

In LTE, the CSI reported by UE could be only received by serving TRP. Coordinated TRPs just obtain the CSI through X2 interface with the backhaul time delay, which will lead to the outdated CSI and performance degradation. In order to reduce CSI acquisition delay, one possible method for FDD system is that the target UE reports its CSI measurements to the coordination TRPs through physical air interface directly, by which all the coordinated TRPs can obtain the CSI from the target UE immediately. It is easy to see that this kind of CSI acquisition has no relationship with the time delay caused by non-ideal backhaul. In addition, there also exists some issues need to be studied. For example, the CSI report configurations should be exchanged between TRPs and the PUCCH/PUSCH coverage needs to be enhanced to make sure that the coordinated TRPs can receive the CSI successfully. On the other hand, the impact of CSI decoding error to the coordinated transmission should also be considered.

Proposal 4: NR should support coordinated TRPs obtain CSIs through physical air interface.
For TDD system, considering the channel reciprocity, the downlink CSI could be obtained by the uplink SRS. In this case, the serving TRP could exchange the SRS configuration of the target UE to all coordinated TRPs through X2 interface. Such approach could facilitate all coordinated TRPs to receive the target UE’s SRS and further obtain the CSI immediately. Furthermore, the SRS configuration coordination between TRPs could also avoid the SRS interference for cell edge UEs. After SRS configuration exchanging, the coordinated TRPs may need to change its own uplink scheduling to avoid the collisions of SRS. For example, if the resource of SRS transmitted by target UE conflicts with PUSCH transmission for coordinated TRPs, in this case, how to deal with the collisions need to be considered. 
Proposal 5: NR should support SRS configuration exchanging between different TRPs.
3 Conclusions 

In this contribution we discuss the network coordination schemes with non-ideal backhaul. Based on the analysis, we have the following observation and proposals:

Proposal 1: Independent resource scheduling for non-coherent JT with non-ideal backhaul links should be supported.
Proposal 2: For flexible and efficient coordinated transmission, reception of multiple NR-PDCCH corresponding to NR-PDSCH data streams from multiple TRPs within the same carrier simultaneously for the UE should be supported in NR.
Proposal 3: DMRS ports grouping divided by different time-frequency resource for network coordination schemes with non-ideal backhaul links should be considered.
Proposal 4: NR should support coordinated TRPs obtain CSIs through physical air interface.
Proposal 5: NR should support SRS configuration exchanging between different TRPs.
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