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1	Introduction 
At RAN4 meeting#104bis, for L1-RSRP, RLM and CBD/BFD, a WF was agreed [1]. Specially, for L1-RSRP measurement, it was agreed to study the following aspects. For RLM and CBD/BFD, similar aspects were also agreed to be further studied.
L1-RSRP Measurements
Reducing the beam sweeping factor
Companies should bring analysis on the following issues such that RAN4 can decide on the feasibility and performance gains from reducing the beam sweeping factor for L1 Measurements:
- whether it is possible to reduce the beam sweeping factor reduction in case UE receives the measurement RS from a single direction (issue brought up in R4-2215761- Mediatek)
- how much reduction is needed
- scenarios and potential conditions in requirements
- interpretation of RX beam sweeping factor reduction
- hardware or other implementation constraints under which reducing the sweeping factor is feasible
	- feasibility of imposing such constraints on implementation
	- are the conditions enforceable through requirements and testing
- system level considerations on performance gain from improving the sweeping factor
- power consumption impact

Simultaneous reception of data and RS for L1 measurements
Companies should bring analysis on the following issues such that RAN4 can decide on the feasibility and performance gains from UE capability to do simultaneous reception of data and RS for L1 measurements:
- which RSs (e.g., CSI-RS+CSI-RS, SSB+SSB, CSI-RS+SSB)can be received simultaneously and under which conditions
- how will the gNB and UE both know which UE Rx beam (or beams) is to be used for which signal
- what restrictions (if there any) are needed to enable simultaneous reception at the UE
- system level considerations on performance gain from simultaneous data and RS receptions

Simultaneous reception of RS for L1 measurements with different QCL type-D
Companies should bring analysis on the following issues such that RAN4 can decide on the feasibility and performance gains from UE capability to do simultaneous reception of RS for L1 measurements from different beam directions:
- which RSs can be received simultaneously and under which conditions
- how will the gNB and UE both know which UE Rx beam (or beams) is to be used for which signal
- what restrictions (if there any) are needed to enable simultaneous reception at the UE
- system level considerations on performance gain from simultaneous data and RS receptions
In this contribution, we discuss the following issues:
· Beam sweeping factor
· Simultaneous reception of data and L1 measurement
· L1 measurement reporting
2	Discussion
2.1 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. 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. 1a, N can be reduced from 8 to 4, while panel implementation in Fig. 1b, N can be reduced from 8 to 6.
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Figure 1: (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.

Regarding “system level considerations on performance gain from improving the sweeping factor,” we see possible performance gain in two aspects when a multi-RX capable UE operates in a single AoA mode like any other UEs that are not capable of simultaneous two AoA reception:
· As discussed above, the beam sweeping factor for L1 measurement can be reduced for some implementations, resulting in reduced L1 measurement delay. That would translate into better beam management performance such as beam tracking. 
· If the L1 measurement period is reduced, the UE has less scheduling restriction (or more scheduling availability), UE throughput performance is improved. 

Observation 2: Reducing beam sweeping factor N leads to performance gain in terms of better beam management performance and throughput performance for single AoA operation mode (i.e., the UE is not configured to receive two AoAs simultaneously).
2.2 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. 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 1: 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.

It is important to clarify first what scenarios are considered simultaneous reception of data and L1 measurement. In our understanding, the following two scenarios are relevant:
· Scenario 1: UE uses one panel/beam for L1 measurement and another panel/beam for data reception (i.e., PDSCH). For data reception, it is assumed that UE knows which beam to use and no RX beam sweeping is needed. As one panel is used for data reception, L1 measurement is somewhat constrained as the UE cannot use the panel for data reception to do RX beam sweeping for L1 measurement (e.g., SSB-based). The implication is the beam sweeping factor N is not supposed to get reduced.
· Scenario 2: UE uses both panels/beams either for L1 measurement or for data reception at the same time. In some cases when the same RX beam can be used for both L1measurement and data, simultaneous reception of data and L1 measurement can be supported, leading to easing of scheduling restriction (or increased scheduling availability).

Proposal 2: It is proposed to clarify which scenario is considered simultaneous reception of data and L1 measurement before discussing the specification impact.

2.3 L1 measurement reporting
For a UE capable of simultaneous two AoA reception to be configured with two active TCI states, it needs to report a pair of suitable beams to the network by group-based beam reporting. In RAN1 R17 group-based reporting, the UE can report up to four beam pairs with associated L1-RSRP values. 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. If the UE does report such a pair to the network only to find out later that it cannot support it, it is a waste of network resources spent on UE reporting, network configuration/scheduling. In this case, should RAN4 specify some conditions for UE to report, such as AoA offset, or consider asking the UE to report L1-SINR together with L1-RSRP?
· 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 once in a while, the UE will update the suitable beam pair to the network. If so, should RAN4 specify some requirement to verify UE behavior?

Proposal 3: It is proposed to discuss if RAN4 needs to specify some condition/requirement for UE group-based beam reporting.


3	Conclusions
In this contribution, we make the following proposals.
Observation 1: Whether and how much beam sweeping factor N can be reduced depends on UE L1 measurement strategy and on UE panel implementation.
Observation 2: Reducing beam sweeping factor N leads to performance gain in terms of better beam management performance and throughput performance for single AoA operation mode (i.e., the UE is not configured to receive two AoAs simultaneously).
Proposal 1: 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.
Proposal 2: It is proposed to clarify which scenario is considered simultaneous reception of data and L1 measurement before discussing the specification impact.
Proposal 3: It is proposed to discuss if RAN4 needs to specify some condition/requirement for UE group-based beam reporting.
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