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1	Introduction 
At RAN4 meeting#106bis, many issues were discussed and included in the WF [1] without a conclusion. In this contribution, we further discuss those issues:
· Group based beam reporting (GBBR) criterion
· Group based beam reporting (GBBR) requirement
· Beam sweeping factor reduction
· Scheduling and measurement restrictions
2	Discussion
2.1 Group based beam reporting (GBBR) criterion

In RAN1 R17 group-based reporting, the UE can report up to four beam pairs with associated L1-RSRP values. In other words, the UE chooses the reported beam pairs based on measured L1-RSRP. As far as RAN4 requirement is concerned, we would like to discuss the following aspects:
· For a pair of beams that each has good L1-RSRP, the UE may not support simultaneous reception if the two AoAs are close and can generate strong mutual inference to each other. In addition, RSRP-based beam selection may be sub-optimal in terms of achieved capacity. For example, as shown in Fig. 1, capacity-based beam selection outperforms the RSRP-based beam selection for a 100MHz channel. Therefore, it is beneficial for RAN4 to 1) Specify some conditions for UE to report, such as minimum AoA offset; 2) Consider UE reporting based on some criterion other than RSRP. 
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Figure 1. Comparison of RSRP-based and capacity-based beam selection


· From RAN1 specification, it is unclear if the reported beam pair is still usable after some time and how the network treats it. Should the network always configure periodic/semi-periodic group-based reporting so the UE will update the suitable beam pair to the network regularly. If so, should RAN4 specify some requirement to verify UE behavior?

Proposal 1: It is proposed to discuss if RAN4 needs to specify requirement for UE group-based beam reporting, including AoA offset, beam reporting criterion other than the one based on RSRP, and regular UE beam reporting to inform the beam pair is usable.

2.2 Group based beam reporting (GBBR) requirement
In the WF, it was agreed that 

Issue 1-3-2: if GBBR can be introduced, what requirements to introduced 
Wayforward: 
Companies have different understanding about GBBR from the first-round discussion of RAN4#106bis-e. To get common understanding on GBBR, please consider following aspects in your further analysis. 
Issue 1-3-2-1: How to perform measurement. That means the measurement delay required for GBBR (i.e., measurement delay for beam pair)
· Option 1: Reuse legacy L1-RSRP delay as UE do not know which beams can be paired.
· Option 2: Due to simultaneous reception measurement delay for beam pair can be enhanced for L1-RSRP 

As RAN4 agreed that GBBR is a prerequisite for simultaneous reception, it is necessary to specify requirement on GBBR to ensure the performance. The requirement can be measurement time the UE needs to complete the group-based L1 measurements for GBBR.

For the group-based L1 measurement, it is assumed that the RS (measurement resources) to be measured are configured based on previous L3 measurements. This is because of the following two reasons:
· The UE has achieved time/frequency through L3 measurement
· The network understands that the UE can receive in certain directions

If the network configures two CMR sets for the UE to measure, each set having K SSB resources (used as an example). For UEs to refine its beams, current specification has the beam sweeping factor N specified as 8. 
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Figure 2. UE L1 measurements for GBBR based on previous L3 measurements

There could be two cases for specifying the L1 measurement period required for GBBR.

Case 1: Assume at any time, the UE only activates one panel/one beam to measure.

For every SSB burst, the UE can test one RX fine beam within the beam angle range of the rough beam obtained from previous L3 measurement for each SSB resource. As a result, the total number of SSB periodicity needed is 2*K*N. In other words, the needed measurement period is 2*K*N*TSSB, where TSSB is the SSB-Index configured for L1-RSRP measurement.

Case 2: Assume at any time, the UE activates two panels/two beams to measure.

For every SSB burst, the UE can test two RX fine beams within the beam angle range of two rough beams obtained from previous L3 measurement for each SSB resource, since two panels are activated for measurements. As a result, the total number of SSB periodicity needed is K*N. In other words, the needed measurement period is K*N*TSSB, where TSSB is the SSB-Index configured for L1-RSRP measurement.

For CMR sets configured with CSI-RS, measurement period can be specified similarly. The main difference is that the beam sweeping factor N depends on if “repetition” is set to ON or OFF.

To allow UE implementation flexibility, requirements for both cases can be specified. 
Proposal 2: It is proposed to specify measurement period requirement for GBBR, for both cases where UE uses one panel or two panels at a time for L1 measurements.

2.3 Beam sweeping factor N
We first share our views on the issue brought up in [2].

We agree that whether the beam sweeping factor can be reduced depends on the two possible designs for L1 measurement
· Design 1: use L3 measurement to down select panels
· Design 2: not use L3 measurement to down select panels

For Design 1, after the L3 measurement, the UE is likely to fine-tune RX beams for L1 measurement. In this case, if there is only one panel that is available for L1 measurement (corresponding to the implementation option that two panels do not have overlapping coverage), N cannot be reduced following previous agreement in R15. However, for the implementation option that two panels have overlapping coverage, it is still possible for the UE to use two panels to generate two RX beams for L1-measurement and thus to reduce N.

For Design 2, it is possible to reduce N as the UE can use two panel to generate two RX beams for L1-measurement. However, how much reduction can be achieved depends further on the panel implementation. For panel implementation in Fig. 3a, N can be reduced from 8 to 4, while panel implementation in Fig. 3b, N can be reduced from 8 to 6.
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(a)   													(b)

Figure 3: (a) Panels with equal capability, each generating four beams; (b) Panels with unequal capability, one generating two beams and the other generating six beams;

Observation 1: Whether and how much beam sweeping factor N can be reduced depends on UE L1 measurement strategy and on UE panel implementation.

Proposal 3: It is proposed to have a new UE capability of beam sweep factor for multi-RX capable UE. It is up to UE to report it (<8). 

2.4 Scheduling/measurement restriction
With a possible reduced beam sweeping factor N, the current L1-RSRP measurement period can be reduced, as shown below:
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On the other hand, if there is no motivation to change the L1-RSRP measurement period, the current scheduling/measurement restrictions can be relaxed. For instance, given max(TReport, ceil(M*P*N)*TSSB) for SSB based L1 measurement, the network can assume the UE will use the first ceil(M*P*N’)*TSSB for measurement, and hence the scheduling/measurement restrictions can be lifted for the remaining time, i.e. max(TReport, ceil(M*P*N)*TSSB)  - ceil(M*P*N’)*TSSB. 

It is also noted that we provide more details in our companion contribution in [3].

Proposal 4: Given a reduced beam sweeping factor, if the current L1-RSRP measurement period remains unchanged, the current scheduling/measurement restrictions can be relaxed.

2.5 Simultaneous reception of data and L1 measurement
As we commented at last meeting, the UE capability “simultaneousReceptionDiffTypeD-r16” only indicates whether the UE supports simultaneous reception of PDSCH with different QCL Type D reference signal and does not indicate whether the UE can support simultaneous reception of data and L1 measurement. 

In the meantime, it was agreed in [4] that simultaneous reception includes data and RS case, as shown below:

Issue 1-2-7: Necessity of group-based beam reporting for simultaneous reception
· Rel-17 group-based reporting is used as a prerequisite to define requirement for simultaneous reception
· Note: Simultaneous reception term above includes Data/Data, RS/RS and Data/RS simultaneous reception cases.

Thus, it seems that a new UE capability is needed to indicate whether the UE can support simultaneous reception of data and L1 measurement. However, we prefer to postpone the UE capability discussion until the relevant requirement nears its completion and the impact on UE implementation is clearly understood.

Proposal 5: A new UE capability should be needed to indicate whether the UE can support simultaneous reception of data and L1 measurement. However, final decisions on UE capability are postponed until the relevant requirement nears its completion and the impact on UE implementation is clearly understood.


3	Conclusions
In this contribution, we make the following proposals.

Proposal 1: It is proposed to discuss if RAN4 needs to specify requirement for UE group-based beam reporting, including AoA offset, beam reporting criterion other than the one based on RSRP, and regular UE beam reporting to inform the beam pair is usable.
Proposal 2: It is proposed to specify measurement period requirement for GBBR, for both cases where UE uses one panel or two panels at a time for L1 measurements.
Observation 1: Whether and how much beam sweeping factor N can be reduced depends on UE L1 measurement strategy and on UE panel implementation.
Proposal 3: It is proposed to have a new UE capability of beam sweep factor for multi-RX capable UE. It is up to UE to report it (<8). 
Proposal 4: Given a reduced beam sweeping factor, if the current L1-RSRP measurement period remains unchanged, the current scheduling/measurement restrictions can be relaxed.
Proposal 5: A new UE capability should be needed to indicate whether the UE can support simultaneous reception of data and L1 measurement. However, final decisions on UE capability are postponed until the relevant requirement nears its completion and the impact on UE implementation is clearly understood.
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Table 9.5.4.1-2: Measurement period TiL1-RSRP_Measurement_Period_ssB for FR2

Configuration TL1-RSRP_Measurement_Period_ssB (MS)
non-DRX maX(Treport, CEIl(M*P*N)*Tsss)
DRX cycle < 320ms max(Treport, Ceil(1.5*M*P*N)*max(Torx,Tsss))
DRX cycle > 320ms ceil(1.5*M*P*N)*Tprx

Note: Tsss = ssb-periodicityServingCell is the periodicity of the SSB-Index
configured for L1-RSRP measurement. Torx is the DRX cycle length.
Treport iS configured periodicity for reporting.
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