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1. Introduction
During the RAN4#104-e meeting the multi-RX chain has been fully discussed. The L1 measurement is the main objective of the WID and many requirements have been mentioned to further study the enhancement. Hence in this paper, we give further discussion on the L1 measurement enhancement.
2. Discussion
Furthermore, it has been agreed in the WF [1] as reducing the beam sweeping factor and the issue brought up in R4-2215761 is mentioned. The WF is captured as below:
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


In our discussion paper [2] in the RAN4#104-e meeting, the concept of overlap of RX beams for the two panels has been raised with full-overlap, partially overlap and non-overlap. The scenario captured from [3] is the non-overlap of RX beams of two-panel. However, still the full-overlap of RX beams for two panels and partially overlap of RX beams for two panels are feasible scenarios to be discussed. 
Observation 1: Based on UE implementation, the RX beams of the two panels can be differentiated into fully overlap, partially overlap and non-overlap scenarios.
From our understanding, for the non-overlap RX beams scenarios, we have already discussed in our previous paper [2] that if the coverage overlap is none which means the two RX panels are pointing to totally two different directions, for example one RX panel on the top and one RX panel at the bottom of the UE, then the scaling factor will have no enhancement at all since the 2nd RX beam cannot make measurement on any of the 1st RX beam directions. 
Observation 2: For non-overlap scenario, there will be no beam sweeping factor enhancement.
Besides, there might be also partial overlap of the RX coverage of the two RX beams while the simultaneous RX with measurement or data reception can only be performed in the overlap region. A UE RX panel reference assumption might need to be agreed and with that we can further discuss how to further enhance the L1 requirement. There are two methods to define the partially overlap requirement as:
1, Agree on a UE antenna implementation assumption.
2, Introduce some additional capability that UE report to NW which RX beams for the two panels are overlapped.
For the fully overlap scenario, if the capability signalling is introduced, then it can be covered by that method. If an assumption for partially overlap is agreed, then the fully overlap scenario will be invalid. Typically, we believe the fully overlap scenario has sacrificed the spherical coverage too much and should not be a valid scenario to be considered. 
Observation 3: For fully overlap scenario, it can be covered by partially overlap scenario.
With the observation 2 and 3, we can further discuss the partially overlap scenario and to see how the L1 measurement enhancement can be reached. To fully consider both of the spherical coverage (needs the least overlap of the 2RX beams) and the simultaneous L1 measurement enhancement (needs the most overlap of the 2RX beams), some compromise can be reached and below is an example on how to decide the reduction with the overlap of two RX beams. Beams #0 to #7 are for panel A while beams #2 to #9 are for panel B. The overlap region is beams #2 to beams #7.
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Figure 1 illustration of UE RX beam coverage assumption
For the L1-RSRP measurement beam sweeping factor N, take the above figure 1 for example, with the assumption of 6 beams overlap of the 2 RX panel, it is proposed to enhance the factor N from 8 to 5 since the 6 overlap beams can be grouped and the measurement can be finished for 3 beam sweeping time. 
Observation 4: An example of RX beam factor reduction is shown above with the RX beam overlap assumption.
Proposal 1: For partially overlap scenario, whether to agree on a UE antenna implementation assumption or introduce capability report to network on the overlapped RX beams and further beam sweeping factor enhancement can be reached based on the agreement.
For the simultaneous reception of data and RS for L1 measurement, this issue has been discussed as scenarios under agenda item 8.3.3.1 and corresponds to the scheduling restriction. 
 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




As legacy procedure, UE will receive the TCI state of each direction and correspond to the certain TCI state, UE can decide the RX beam for each DL direction of each TRP while the network does not need to know which RX beam UE is using for RX. The restriction here is that UE is using one beam for RS and one beam for data, with that it is impossible for UE to apply the sweeping factor reduction since UE cannot use both beams for RS measurement. This needs to be clarified in the requirement.
Proposal 2: To clarify that UE simultaneously receive the data and RS for L1 measurement cannot have beam sweeping enhancement at the same time. 
For the simultaneous reception of RS for L1 measurement with different QCL type-D, both SSB and CSI-RS based L1-RSRP can be configured. Furthermore, with the capability signalling of simultaneousRxDataSSB-DiffNumerology which is discussed in other agenda item, or the two RSs use same SCS, the UE measurement and scheduling restriction can be enhanced. In FR1, since the antenna is assumed to be isotropic, hence no directions are limited for simultaneous receiving data or RSs while in FR2, since the RX directions of each antenna panel is limited, network needs to know which two beams can be received simultaneously by the UE. The group based beam report method have been introduced from Rel-15/16 m-TRP and further enhanced in Rel-17 to report the two beams that UE can received simultaneously. At least for these reported beams who are capable of simultaneously reception should be enhanced for measurement and scheduling restriction.
Proposal 3: Based on the group based beam report, at least for these reported beams who are capable of simultaneously reception should be enhanced for measurement and scheduling restriction.
3	Conclusions
In this paper, we give further discussion on the multi-RX chain L1 measurement, the observations and proposals are captured as below:
Observation 1: Based on UE implementation, the RX beams of the two panels can be differentiated into fully overlap, partially overlap and non-overlap scenarios.
Observation 2: For non-overlap scenario, there will be no beam sweeping factor enhancement.
Observation 3: For fully overlap scenario, it can be covered by partially overlap scenario.
Observation 4: An example of RX beam factor reduction is shown above with the RX beam overlap assumption.
Proposal 1: For partially overlap scenario, whether to agree on a UE antenna implementation assumption or introduce capability report to network on the overlapped RX beams and further beam sweeping factor enhancement can be reached based on the agreement.
Proposal 2: To clarify that UE simultaneously receive the data and RS for L1 measurement cannot have beam sweeping enhancement at the same time. 
Proposal 3: Based on the group based beam report, at least for these reported beams who are capable of simultaneously reception should be enhanced for measurement and scheduling restriction.
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