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[bookmark: _Toc471378684]Introduction
In RAN1#86bis, the following agreement was made:
· Group based beam management is to be further studied:
· Definition of beam grouping:
· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 
· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
· Some examples can be found in  R1-1610891 and R1-1609414

For the discussion in this contribution, the agreements from RAN1#87 on CSI-RS for beam management purposes are also relevant:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded


In this contribution, we discuss what beam grouping functionality should be standardized.
[bookmark: _Ref178064866][bookmark: _Toc471378685]Discussion
Beam grouping has been discussed in the context of beam management. The general idea is to form groups of beams, and manage beams on group basis, rather than on individual basis. Several aspects of this general idea has been discussed in, e.g., [1], [2], [3]
The concept of beam grouping is to manage beams on a group basis rather than on an individual basis. The main claimed benefit is to increase the richness of the channel state information that is reported to the gNodeB. Beams that have similar properties are put in one group, and the reporting procedure is designed so that the gNodeB will receive measurement reports for beams in different groups. It is further claimed that with such information, the robustness is increased, since the NW will have access to CSI for uncorrelated propagation paths. By having access to CSI for such propagation paths, performance for non-coherent joint transmission schemes may be improved.
The most central aspects of beam grouping is 
· Which node determines which beams belong to one group
· Is there a report over the air interface and if so, how is the reporting designed
· What is the impact on beam indication during transmission
We will discuss these issues in separate sub sections.
[bookmark: _Toc471378686]Beam grouping principles
Two different ways of placing beams in beam groups have been discussed. In network-centric beam grouping, the gNodeB determines which beams belong to which group. In contrast, with UE-centric beam grouping, this decision is made by the UE.
With network-centric beam grouping, the groping is based on information that is available at the network side. This information can be both a priori information, such as knowledge of which beams are transmitted from which TRP, and UL measurements or DL measurement reports from the UE. 
One particularly interesting beam-grouping scenario is that the NW puts beams from different TRPs into different groups. It is quite likely that the propagation in these beams are uncorrelated. With such grouping, robust mobility is achieved, and the performance for non-coherent joint transmission is improved, since it is extremely likely that the channels from different TRPs to one UE are uncorrelated.
[bookmark: _Ref471382115]Network-centric beam grouping can provide robust mobility across TRPs as well as support for non-coherent joint transmission.
This type of beam grouping is hence an example of where a priori information is used to form the beam group. If more than one group should be created within one TRP, uplink measurements can be used.
It has been agreed to support dynamically scheduled CSI-RS for beam management. The NW will transmit the CSI-RS in beams of its choice, and instruct the UE to perform measurements on the relevant CSI-RS resources. The NW may transmit several consecutive CSI-RS in one continuous burst, using different beams, and the UE may perform measurements on all of them. The UE may then report only a subset of these CSI-RS measurements. Hence, from the UEs point of view, the beams that the NW has chosen to transmit these CSI-RS form a group. This group may change with every such CSI-RS transmit burst. Hence, we observe that
[bookmark: _Ref471382378]Network-centric beam grouping is inherently supported in NR using scheduled CSI-RS.
Thus, it is not necessary to introduce any additional functionality to support network-centric beam grouping, and we can make the proposal.
[bookmark: _Ref471384635]Exploit the already agreed functionality to reap most claimed benefits of beam grouping. 
We have thus concluded that the trivial grouping scheme of ‘one beam group per TRP’ will provide most of the claimed beam-grouping benefits. Naturally, this grouping scheme is network-centric. It is only when we want to form more than one beam group within one TRP where there is any potential for additional benefits. In other words, the sole motivation for UE-centric beam grouping is to form more than one beam group per TRP.
In contrast to the multi-TRP case, it is unlikely that beams within one TRP will be uncorrelated: most beams will be correlated. Uncorrelated channels may happen when the signal travels through different paths, i.e., via different reflections, but for this case to be important, both signals must also be strong enough. Although possible, that situation is rather rare. Moreover, most terminals will likely have two receiver radio chains and thus receiving the PDSCH from a single beam is sufficient. To reap the benefit from multi-beam reception the UE would need to support multiple RX beams and more than two radio receivers. If this is needed, it can easily be added in the future, when terminals are available. 
Hence, we can conclude:
[bookmark: _Ref471382387]The additional benefits and use case of UE-centric beam grouping are unclear.
Another aspect is, if UE-centric beam-grouping is standardized, the NW must be able to rely on the beam grouping signalling information. This requires that the criteria used by the UE to decide on members of a beam group is clearly defined, and possible to test. Based on the discussions on beam grouping there has not been any clear views or definitions, and specifying such a test seems very challenging.
[bookmark: _Ref471382393]RAN4 testing of UE-centric beam grouping algorithms can be very challenging.
From the observations on UE-centric beam grouping, we propose:
[bookmark: _Ref471383897]Postpone standardization of UE-centric beam grouping.
[bookmark: _Toc471378687]Beam-group based reporting
[bookmark: _GoBack]It has been agreed to use CSI-RS as one reference signal for measurements related to beam management. 	CSI-RS supports both DL Tx beam sweeping and UE Rx beam sweeping. After having received the CSI-RS from one such Tx beam sweep, the UE can send a report containing information about only a subset of the CSI-RS measurements. Hence, the measurements on the CSI-RS is treated as a group, and since the NW may transmit different CSI-RSs in different beams, the corresponding beams are a beam group from the UE point of view. Similar CSI-RS reporting exists also in LTE, i.e., Class B, K>1 CSI feedback mode. Hence, we observe
[bookmark: _Ref471382399]The NR CSI framework provides functionality for group-based measurement reporting.
[bookmark: _Toc471378688]Beam-group based indication
The development of the multi-antenna functionality in LTE has been moving towards transparent solutions, i.e., that the TRP can choose any precoder without informing the UE. The adoption of DMRS as the sole reference signal used for demodulation in NR continues along the same path. In the discussion about beam-grouping, it has been suggested that this principle is abandoned, and that an explicit beam indication is sent to the UE.
The argument for an explicit beam indication is that there is a correspondence between a DL Tx beam and the UE Rx beam. If the TRP changes its Tx beam without informing the UE, there is a risk that the UE uses a suboptimal Rx beam. If the TRP informs the UE about a future change in DL TX beam, the UE could adjust its RX beam to match the update. No other benefit has been claimed by such a beam-group based indication.
[bookmark: _Ref471382406]The UE would only use a TX beam indication to adjust its RX beam.
In some contributions [1], it is suggested that the beam-group based indication is actually represented by an indication of which Rx beam the UE should use for future reception, and in fact this type of indication is already agreed. The term ‘beam-group based indication’ is misleading however, since it is only a recommendation to the UE to apply a certain Rx beam. Therefore, we propose to
[bookmark: _Ref471383904]Rely on the already agreed mechanism to provide the assistance to the UE to select RX beam.
With such functionality, the Tx beam selection will be transparent to the UE. Note that conveying such an indication may lead to difficult error cases, since this may require a coordinated switch in both nodes.
[bookmark: _Toc471378689]Conclusions
In this contribution we made the following observations
Observation 1 Network-centric beam grouping can provide robust mobility across TRPs as well as support for non-coherent joint-transmission.
Observation 2 Network-centric beam grouping is inherently supported in NR using scheduled CSI-RS.
Observation 3 The additional benefits and use case of UE-centric beam grouping are unclear.
Observation 4 RAN4 testing of UE-centric beam grouping algorithms can be very challenging.
Observation 5 The NR CSI framework provides functionality for group-based measurement reporting.
Observation 6 The UE would only use a TX beam indication to adjust its RX beam.
Based on the discussion in this contribution we propose the following:
Proposal 1 Exploit the already agreed functionality to reap most claimed benefits of beam grouping.
Proposal 2 Postpone standardization of UE-centric beam grouping.
Proposal 3 Rely on the already agreed mechanism to provide the assistance to the UE to select RX beam.
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