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Introduction
For NR, group-based beam management has been discussed [1]. In RAN1#88, the following agreement was made:
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

Subsequently, in RAN1#88b, the following was agreed:
· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis

In [2], a beam grouping approach for beam management was analyzed by means of link and system simulations.
In this contribution, we provide further analysis of group-based and non-group-based beam management by evaluating additional scenarios and UE antenna configurations.
[bookmark: _Ref178064866]Discussion
In this contribution we evaluate the performance of two different beam management approaches: one grouping-based and one that does not rely on beam grouping, herein referred to as “beam-based”. The approaches are evaluated for two different scenarios and two different UE antenna configurations using simplified system simulations. The Indoor hotspot (InH) and Urban macro (UMa) scenarios as defined in the NR MIMO calibration campaign [3] are evaluated for UEs with either two back-to-back panels or four panels oriented 90 degrees relative each other. Each UE panel has (M, N, P) = (2, 4, 2) elements. The TRP antennas are configured as  (M,N,P,Mg,Ng) = (4,8,2,2,2).
In more detail, the two approaches are as follows:
· Beam-based. The two best – and distinct – TRP TX beams are reported by the UE. “Best” here means the TX beams corresponding to the TX-RX beam pairs with the two largest RSRPs. Note that in this approach, the two reported TX beams do not necessarily correspond to two different RX beams and/or panels. In the beam sweeping, all TX-RX beam pairs are evaluated. At the TRP, a single panel and a single polarization is used in the beam sweep, but in the data transmission all four TRP panels and both polarizations in each panel are used. During data transmission, the first TX beam corresponding to the best beam pair is used in two TRP panels next to each other horizontally. The second TX beam corresponding to the second-best beam pair (distinct from the first TX beam) is used in the other two TRP panels. All RX panels are used at the UE during data reception. Each panel uses the RX beam that is best, considering only beam pairs corresponding to the two reported TX beams. 
· Grouping-based. Like in beam-based reporting, two TRP TX beams are reported by the UE. The first TX beam corresponds to the TX-RX beam pair with the largest RSRP. However, unlike beam-based reporting, the second TX beam corresponds to the next best beam pair under the constraint that the corresponding RX panel is different than that of the first beam pair. Note that in this approach, the two reported TX beams are not necessarily distinct. One can think of this approach as either as Alt1 or Alt2. In the former, the first and 2nd reported TX beam indices are contained in a single group. In the latter, the first and 2nd reported TX beam indices are contained in two different groups. The feedback overhead in either case is the same. Other than the constrained beam selection and corresponding grouping of beams, the other procedures (beam sweeping, mapping of TX beams to the 4 TX panels, and the use of all RX panels during data reception) are the same as for the beam-based approach.

Spectral efficiency is estimated by calculating channel capacity assuming perfect channel knowledge at both the transmitter and receiver, given the analog beams obtained from the beam management procedure. Only thermal noise is accounted for in the capacity calculations, so intercell interference is not taken into account. This is a reasonable assumption for the UMa scenario since this is mainly noise limited. For the InH scenario, however, intercell interference will have a significant impact. To investigate the impact of beam grouping on the channel rank, we also investigate the rank obtained when applying the waterfilling algorithm.
Channel rank and spectral efficiency for the InH scenario using 2 UE panels are shown Figure 1. In this case a clear performance gain with the grouping-based approach can be observed. It can also be seen that there are more rank-4 channels with the grouping-based approach. A likely explanation of this is that selecting TX beams that are good for both UE panels excites a richer channel. However, utilizing this richness requires high SNR since some channel modes may be weak. This is not a problem in the interference-free InH scenario since this has extremely high SNR levels.
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[bookmark: _Ref481747665]Figure 1	Simulation results for InH with 2 UE panels

Results for the InH scenario when increasing the number of UE panels to 4 are shown in Figure 2. In this case there is only a minor performance gain with beam grouping. The difference in rank distribution between the two approaches is also small. In this case, selecting the two best TX-RX beam pairs without any constraints on the RX panels seems to give enough channel richness.
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[bookmark: _Ref481748398]Figure 2	Simulation results for InH with 4 UE panels

Figure 3 shows results for the UMa scenario and 2 UE panels. In this scenario, the SNR levels are lower and the gain with beam grouping is essentially lost. This is probably due to that the SNR is not sufficiently high to utilize weak propagation paths to the panel facing away from the TRP. Similar observations can be made for the UMa scenario with 4 UE panels shown in Figure 4.

[image: ][image: ]
[bookmark: _Ref481753758]Figure 3	Simulation results for UMa with 2 UE panels
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[bookmark: _Ref481754182]Figure 4	Simulation results for UMa with 4 UE panels

[bookmark: _GoBack]One imporant observation is that Figure 1 corresponds to an interference-free InH scenario, resulting in extremely high SNR levels. In order to study more realistic SNR levels for this scenario, we adopted a simple approach of raising the thermal noise level to the expected noise+interference level. The required noise rise was estimated from the system simulation results from the NR MIMO calibration campaign [4], where both SNR and SINR CDFs were calculated. We estimated the noise rise to be roughly 13 dB, and the results for this noise-rise value using 2 UE panels are shown in Figure 5. Evidently, the gain with beam grouping is very much diminished compared to interference-free case in Figure 1. For low percentiles in the CDF there is no gain with beam grouping. Note that the SNR levels are still very high despite the noise rise, since the median SINR value in the MIMO calibration results was around 30 dB. We found that by increasing the noise rise further to produce more moderate SNR levels, the gain from beam grouping becomes very small indeed.
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[bookmark: _Ref481754412]Figure 5	Simulation results for InH with 2 UE panels using more realistic SNR levels
We summarize the simulation results in the following observations:
[bookmark: _Toc481755492][bookmark: _Toc481755537]For UE antenna configurations with two panels, spectral efficiency and channel rank can be enhanced with group-based reporting in very high SNR scenarios.
[bookmark: _Toc481755493][bookmark: _Toc481755538]In moderate SNR scenarios, group-based reporting is not expected to give significant performance gains.
If the UE is equipped with two dual-polarized panels but only two RX branches, it may need to select to which panels it connects the RX branches. In this case, the grouping-based approach is not applicable since the UE can only receive on one panel. Hence, we make the following observation:
[bookmark: _Toc481755494][bookmark: _Toc481755539]For UEs that can only receive in one panel at a time, group-based reporting does not give any gain.
[bookmark: _Toc481755495]Based on these observations we make the following proposal:
[bookmark: _Toc481755540]Beam grouping requires further study before significant effort is spent on specifying complex group-based reporting formats.

Conclusions
In this contribution we made the following observations:
Observation 1	For UE antenna configurations with two panels, spectral efficiency and channel rank can be enhanced with group-based reporting in very high SNR scenarios.
Observation 2	In moderate SNR scenarios, group-based reporting is not expected to give significant performance gains.
Observation 3	For UEs that can only receive in one panel at a time, group-based reporting does not give any gain.

Based on the discussion in this contribution we propose the following:
Proposal 1	Beam grouping requires further study before significant effort is spent on specifying complex group-based reporting formats.
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