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1
Introduction
At the RAN#86bis meeting, the following WF on network coordination was agreed [1]:
· RAN1 to study the following aspects :

· Codeword-to-layer mapping

· Number of codewords on a “NR-PDSCH”

· Other techniques not precluded

· This RAN1 study should consider advanced receivers for interference mitigation

· In the case of network coordination: the following can also be studied

· Rank and modulation order

· Modulation mapping

· Other techniques not precluded
· FFS: For this RAN1 study, the following performance metrics for non-full-buffer system level evaluation can be considered:

· Average UPT

· [5%,50%,95%]-tile UPT

In addition, the following WF on CSI framework for NR was also agreed [1]. 
· CSI-related settings consisting of:

· CSI reporting settings

· CSI parameter can be independently configured, e.g. time and/or frequency granularity, FFS: ON/OFF

· FFS: Details of configurability

· Definition of CSI parameters (e.g., CQI, PMI, RI) is FFS

· RS (at least for CSI measurement) settings, e.g. CSI-RS (CSI-IM as a special case)

· FFS: Other RS for CSI measurement

· CSI measurement settings 

· To configure which RS setting is used for a particular CSI reporting setting

· Study the case where a UE can be configured with:

· N CSI reporting settings

· M RS (for CSI measurement) settings

· CSI measurement setting configures mapping/linkage between N CSI reporting and M RS settings

In this contribution, we outline our proposals for beam coordination and link adaptation in NR to deal with and capitalize on the beam-based designs expected in NR. We also make proposals on how the CSI should be designed in line with the agreement on CSI framework to enable such beam coordination. 
2
Discussion on beam coordination and link adaptation
NR is expected to support massive MIMO as the default mode of operation in both high and low bands. With the large number of antennas, narrow beams can be formed towards the UE of interest, which would naturally minimize the interference to other UEs both intra-cell and inter-cell. However, when the dominant aggressor’s beam is directed towards the victim, then the interference faced by the victim can be very large due to the large beamforming gain. Thus we expect a large variation in the interference depending on whether or not the dominant aggressor cell’s beam is directed towards or away from the victim UE. If there is receive beamforming at the UE, then the large interference impact is felt only when the victim UE’s receive beamformer is also aligned with the aggressor cell’s transmit beamformer. 
As illustrated in Figure 1, coordinated scheduling/coordinated beamforming can make sure that when the right UEs with the right beamformers are scheduled in adjacent cells, then the beams are directed away from each other thus causing very less interference to each other. Thus the large antenna array and narrow beams should be exploited to perform coordinated scheduling/coordinated beamforming to reduce inter-cell interference substantially. 
Proposal 1: RAN1 should enable coordinated scheduling/coordinated beamforming as a key element of interference coordination in NR.
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Figure 1: Illustration of coordinated scheduling/coordinated beamforming
On the other hand, if such coordination cannot occur due to any number of reasons, including the possibility that one or more of these cells have only one UE to serve, then such beam coordination cannot always be accomplished. Thus there can be a large variation in the interference experienced by a UE from its dominant interferer depending on whether or not the interferer’s beam is directed towards or away from the UE. In addition, if the UE uses receive beamforming, then the interferer’s transmission can cause a substantial interference only if the receive beamformer of the UE is aligned with the transmit beamformer of the interferer. Thus there is a need to accurately estimate the interference and adapt the rank and MCS to the prevailing interference conditions on that TTI. 
To aid this, we recommend that cells exchange information on whether or not they plan to use a certain time-frequency resource and the choice of beamformers selected for that resource ahead of time. This would aid improved link adaptation that would adapt to the expected interference conditions when the over-the-air transmission happens. This is illustrated in Figure 2. Figure 2 also shows that there can be an additional coordination step between BSs to coordinate the resources and beamformers that each of the BSs plan to use for a given TTI n. Both the coordination step for determining the beamformers and the exchange of chosen resources and beamformers may be violated for high-priority traffic, such as, URLLC.
Proposal 2: NR should enable a method by which the transmission direction and choice of beamformers that will be used in a given TTI can be shared between BSs ahead of time to enable improved link adaptation and some limited scheduling flexibility.
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Figure 2: Illustration of 2-step scheduling procedure with optional exchange of chosen resource and beamformers.
In addition, to allow sufficient time for this coordination over potentially non-ideal BS-BS interconnects, it would be beneficial to have larger number of HARQ processes per UE than the RTT between the BS and the UE. This is because the scheduling processing now involves BS-BS interaction. By the time the scheduling process starts, it would be beneficial to know exactly which UEs are eligible for scheduling based on the ack/nack feedback. This is aided by having sufficient number of HARQ processes such that the coordination delay can be absorbed as part of the processing delay and gets included as part of the HARQ RTT. This is largely already in line with recent RAN1 decisions on HARQ [2]. 
Proposal 3: RAN1 should allow flexible HARQ allocation that allows more number of HARQ processes than required to tightly match the RTT.
Because the SINR of a given UE can be very different depending on whether or not the dominant interferer’s beam is directed towards or away from the UE, to aid link adaptation, MCS and rank selection, it would be preferable for the UE to provide CSI feedback corresponding to different hypotheses corresponding to at least the dominant interferer’s beam directed towards v/s away from that UE. This would be very similar to LTE CoMP feedback corresponding to different hypotheses. The flexible CSI framework in NR can be used to report the CSI feedback pertaining to the multiple interference hypotheses as illustrated in Table 1 below.
	CSI Reporting Setting
	RS Setting
	CSI-IM setting (RS setting) pertaining to Strongest Interferer’s Beamformer
	CSI-IM setting (RS setting) pertaining to Second Strongest Interferer’s Beamformer

	0
	0
	Directed towards the UE
	Directed towards the UE

	1
	1
	Directed away from the UE
	Directed towards the UE

	2
	2
	Directed towards the UE
	Directed away from the UE

	3
	3
	Directed away from the UE
	Directed away from the UE


Table 1: Example mapping of CSI reporting setting to multiple interference hypotheses
Proposal 4: NR should enable CSI feedback methods that allow the BS to determine the MCS, rank, etc. under different hypotheses of when the aggressor cell’s beamformer is directed away from the victim UE v/s when the aggressor cell’s beamformer is directed towards the victim UE
3
Conclusion
In this contribution, we made the following proposals for beam coordination and link adaptation in NR. 

Proposal 1: NR should enable coordinated scheduling/coordinated beamforming as a key element of interference coordination in NR. 
Proposal 2: NR should enable a method by which the transmission direction and choice of beamformers that will be used in a given TTI can be shared between BSs ahead of time to enable improved link adaptation and some limited scheduling flexibility.

Proposal 3: RAN1 should allow flexible HARQ allocation that allows more number of HARQ processes than required to tightly match the RTT.
Proposal 4: NR should enable CSI feedback methods that allow the BS to determine the MCS, rank, etc. under different hypotheses of when the aggressor cell’s beamformer is directed away from the victim UE v/s when the aggressor cell’s beamformer is directed towards the victim UE
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