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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
2.1 General
During the RAN4#104-e meeting, a WF on multi-RX chain has been agreed and the feasibility of enhancing requirements for L1 measurements are listed as below:
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Generally, all the above mentioned L1 measurements can be enhanced from 4 perspective as currently defined in the specification with the multi-RX chain capability. Also some other specific requirements such as inter-cell BM L1-RSRP and TRP specific BFD/CBD scaling factor which are introduced in Rel-17 can also be considered. 
· Beam sweeping factor N 
· Sharing factor Psharing factor 
· Measurement restrictions 
· Scheduling restrictions 
All the concern can be divided into two scenarios as already stated in our previous paper and captured as below:
Scenario 1, Two RX beams are both used for serving cell or neighbour cell simultaneously
		-Single TRP case 
		-mTRP case and TRP 1 and TRP 2 belongs to one cell
[image: ]                       [image: ]
	           Figure 1(a) multi-TRP case				              Figure 1(b) single TRP case
Scenario 2, One RX beam to serving cell and one RX beam to neighbour cell (intra-frequency)
		-mTRP case and TRP 1 is serving cell and TRP 2 is neighbour cell (intra-frequency)
From the figure 1(a) and figure 1(b) above, we can see the measurement time enhancement or the measurement and scheduling availability enhancement has a very important point which is the coverage overlap between RX beam 1 and RX beam 2. Typically, the figure 1(a) and figure 1(b) above have shown the full overlap of the 2 RX beams. With the coverage full overlap, the 2 RX beams can perform measurement or data reception with the scaling factor reduced to 1/2 of legacy factor. However, to another extreme condition, 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. 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.
Observation 1: The simultaneous RX with measurement or data reception can only be performed in the overlap region of the two RX beams coverage.
The above mentioned general L1 requirement enhancement as the beam sweeping factor, sharing factor and the scheduling and measurement restriction all needs and depends on the two RX beams coverage overlap. For the measurement and scheduling restriction enhancement, we can update the corresponding restrictions within the overlap coverage region while leave the legacy restriction apply in the non-overlap coverage region. But for the sweeping factor and sharing factor enhancement, it will highly depend on how large the RX beams coverage overlap.
Observation 2: The above mentioned general L1 requirement enhancement as the beam sweeping factor, sharing factor and the scheduling and measurement restriction all needs and depends on the two RX beams coverage overlap.
From our understanding, the two RX beams coverage overlap depends on the AoA of two different QCL-Type D RSs as well as the UE antenna implementation which will also have great impact on the UE spherical coverage performance. Usually for the largest spherical coverage, the two antenna panel should cover the least overlap region, however, for the best L1 enhancement as measurement period and measurement/scheduling restriction, the most overlap region is preferred. In this case we need to have a balance for these two aspects.
Observation 3: A balance is needed for L1 enhancement and spherical coverage considering the RX beams coverage overlap.
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. Before defining such assumption, some general rules might need to be agreed first. As discussed in our companion general aspect paper [2], it is proposed that 2 RX panel will be used as baseline for the UE architecture and when talking about the two RX chain capability, it means two sets of RX panel + AGC + Front end. With that we would like to further discuss a typical assumption of the UE architecture.
Usually the UE is hand-held used with typical form so an antenna panel at the bottom is not designed often. 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), the half overlap of the RX beams coverage is proposed as below in figure 2.
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Figure 2 illustration of UE RX beam coverage assumption
From the figure 2, it has been proposed that the beam #0 to beam #7 is for panel 1 while the beam #2 to beam #9 is for panel 2. The total coverage overlap of the two panels are beam #2 to beam #7 with 6 beams together.
Proposal 1: It is proposed that 6 beams overlap of 8 beams in total for each panel (with 2 panel assumption) as the UE RX reference panel assumption to further discuss the requirement enhancement.
With the above assumption, we can further discuss the requirements.
The general part for L1 measurement is captured in the WF[1] as below:
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With the above observation and proposals, for the simultaneous reception of two different QCL-Type D RSs for L1 measurement, considering figure 2 as the assumption, the RX beam coverage overlap of beam #2 to beam #7, there exists the scenario that only one panel is activated or two panel are both activated for measurement or data reception. For the case of only one panel is activated, the legacy requirement should apply while if the two panel are activated, then the newly introduced Rel-18 requirement should apply.
Proposal 2: For the case of only one panel is activated, the legacy requirement should apply while if the two panel are activated, then the newly introduced Rel-18 requirement should apply.
For the measured RS samples, we believe the same RS samples should be stayed to ensure the measurement accuracy.
Proposal 3: The same RS samples should be stayed to ensure the measurement accuracy.
For all the features that might need to be further discussed, we think the CCA, RedCap, satellite access should be deprioritized while the cell with different PCI which is covered by the scenarios listed in previous discussion should be kept.
Proposal 4: Deprioritize the CCA, RedCap and satellite access features while the cell with different PCI can be kept.
 2.2 L1-RSRP and L1-SINR
The L1-RSRP measurement enhancement has been discussed and listed as below from WF [1]:
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For the SSB-based L1-RSRP measurement beam sweeping factor N, based on our proposal 1 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. 
Proposal 5: With certain RX beam and panel assumption, the SSB-based L1-RSRP measurement sweeping factor N is proposed to be enhanced from 8 to 5.
For the Psharing_factor, it is because that the SSB based measurement of L1-RSRP is not overlapped with the SSB for L3 measurement. From our understanding and also stated in the companion paper, we believe an additional capability signaling of simultaneous L1 and L3 measurement should be introduced. With such capability and the L1 and L3 RX beams have certain coverage overlap, then the Psharing_factor can be enhanced from 3 to 1 even if it has certain SSB overlap for L1 and L3 measurement.
Proposal 6: With additional capability and RX beam coverage overlap, the Psharing_factor can be enhanced from 3 to 1.
For the measurement and scheduling restrictions, for the RX beam overlap coverage, the UE can received PDCCH/PDSCH/TRS/CSI-RS for CQI (one beam) and on SSB symbols (another beam) to be measured in the condition that the SSB of the two different RX beam are the same or the UE reports the capability as simultaneousRxDataSSB-DiffNumerology. Detail discussion of the capability simultaneousRxDataSSB-DiffNumerology has been carried out in our companion paper. However, how to capture the requirement with panel or RX beam definition needs to be further discussed.
Proposal 7: With certain RX beam coverage overlap, the scheduling and measurement restriction can be enhanced.
For L1-SINR, the WF is captured as below:
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For the beam sweeping factor N and the sharing factor Psharing_factor, the situation is almost the same for L1-SINR measurement comparing to the L1-RSRP measurement. Hence the same enhancement for these two requirements are proposed.
Proposal 8: The same enhancement of L1-RSRP should also applies to L1-SINR for beam sweeping factor N and the sharing factor Psharing_factor.
2.3 BFD/CBD
[image: ]
For the BFD/CBD requirement, the enhancement of sweeping factor N and also the Psharing_factor should be also enhanced the same as the L1-RSRP measurement. 
Proposal  9: The same enhancement of L1-RSRP should also applies to L1-SINR for beam sweeping factor N and the sharing factor Psharing_factor.
For the measurements on two RSs from different resource sets, we believe similar to the measurement restriction of L1-RSRP that with certain RX beam coverage overlap, the enhancement is applicable. In this case, for the TRP specific link recovery, the PTRP can be enhanced. Based on the assumption of proposal 1, the scaling factor can be enhanced from 2 to 1.25.
Proposal 10: The scaling factor PTRP can be enhanced from 2 to 1.25 with certain RX beam assumption.
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: The simultaneous RX with measurement or data reception can only be performed in the overlap region of the two RX beams coverage.
Observation 2: The above mentioned general L1 requirement enhancement as the beam sweeping factor, sharing factor and the scheduling and measurement restriction all needs and depends on the two RX beams coverage overlap.
Observation 3: A balance is needed for L1 enhancement and spherical coverage considering the RX beams coverage overlap.
Proposal 1: It is proposed that 6 beams overlap of 8 beams in total for each panel (with 2 panel assumption) as the UE RX reference panel assumption to further discuss the requirement enhancement.
Proposal 2: For the case of only one panel is activated, the legacy requirement should apply while if the two panel are activated, then the newly introduced Rel-18 requirement should apply.
Proposal 3: The same RS samples should be stayed to ensure the measurement accuracy.
Proposal 4: Deprioritize the CCA, RedCap and satellite access features while the cell with different PCI can be kept.
Proposal 5: With certain RX beam and panel assumption, the SSB-based L1-RSRP measurement sweeping factor N is proposed to be enhanced from 8 to 5.
Proposal 6: With additional capability and RX beam coverage overlap, the Psharing_factor can be enhanced from 3 to 1.
Proposal 7: With certain RX beam coverage overlap, the scheduling and measurement restriction can be enhanced.
Proposal 8: The same enhancement of L1-RSRP should also applies to L1-SINR for beam sweeping factor N and the sharing factor Psharing_factor.
Proposal  9: The same enhancement of L1-RSRP should also applies to L1-SINR for beam sweeping factor N and the sharing factor Psharing_factor.
Proposal 10: The scaling factor PTRP can be enhanced from 2 to 1.25 with certain RX beam assumption.
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Issue 1-1-3: Feasibility/necessity of enhancing requirements for L1 measurements

e Following L1 measurements related requirements are considered in the multi-Rx chain WI

o L1-RSRP measurement

o BFD/CBD
o RLM
o LI-SINR

o TCI state switching with dual TCI

o Scheduling/measurement restrictions
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Issue 1-2-2: General part for L1 measurement requirements enhancements

Issue 1-2-2-1: Simultaneous reception of two different QCL-Type D RSs for .1 measurement

e Proposals

o

Option 1: For the case when both different QCL-Type D RSs are received by two different UE Rx panels at a
time, no measurement restriction and scheduling availability are needed because of beamforming conflict.

Option 2: For the case when two different QCL-Type D RSs are received by same UE Rx panel at a time, the
legacy R15/R16 requirement (e.g., measurement restriction and scheduling availability) should be reused.

Option 3: UE is assumed to perform simultaneous data receptions with different beam directions or perform
simultaneous L1 measurements with different beam directions.

Option 4: Simultaneous DL reception of same or different type of RSs from different directions is supported for
defining L1 measurement requirements to support multi-TRP operation.

Issue 1-2-2-2: whether measured RS samples can be reduced for L1 measurement delay in case of FR2 multi-Rx reception

e Proposals

o

o]

Option 1: Yes
Option 2: No

Issue 1-2-2-3: Features for L1 measurement requirements enhancement

e Proposals

o]

Option 1: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap and
for satellite access should be discussed later based on the normal case agreements.

Option 2: The study for L1-RSRP/RLM/BFD/CBD measurements for Reporting under CCA, for RedCap, for
satellite access, and for a cell with different PCI from serving cell should be discussed later based on the normal
case agreements.

Option 3: Deprioritize joint feature of multi-Rx chain DL reception and other features.
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Issue 1-2-3: L1-RSRP measurement requirements enhancement

Issue 1-2-3-1: Aspects for L1-RSRP measurement requirements enhancement

* Proposals
o Option 1: FFS whether L1-RSRP measurement requirements can be enhanced on following aspects
= Beam sweeping factor N'
= Sharing factor Psagring factor for both SSB based measurement and CSI-RS based measurement
= Measurement restrictions for both SSB based and CSI-RS based L1-RSRP
= Scheduling restrictions for both SSB based and CSI-RS based L1-RSRP

Issue 1-2-3-2: impacts on sharing factors Psc and Pcpe when UE is performing simultaneous L1-RSRP measurements on
two RSs from different TRPs

e Proposals

o Option 1: FFS Study the conditions when UE is able to perform simultaneous L1-RSRP measurements on two
RSs from different TRPs, and investigate the impacts on sharing factors Psc and Pepp.

Issue 1-2-3-3: SSB based L1-RSRP measurement period

e Proposals

o Option 1: FFS L1-RSRP measurement period: SSB-only based L1-RSRP measurement reporting does not
benefit from QCL type D information.

Issue 1-2-3-4: Requirements enhancement for inter-cell L1-RSRP measurement

e Proposals

o Option 1: FFS Requirements for inter-cell L1-RSRP measurement are enhanced for UE supporting multi-Rx
chain simultaneous reception.

Issue 1-2-3-5: Number of cells with PCI different from serving cells for inter-cell BM

* Proposals

o Option 1: FFS Number of cells with PCI different from serving cells are further discussed for UE supporting
multi-Rx chain simultaneous reception and the max number of cells is 8.

Issue 1-2-4: L1-SINR measurement requirements enhancement

* Proposals
o Option 1: FFS whether L1-SINR measurement requirements can be enhanced on following aspects
=  Beam sweeping factor N'
=  Sharing factor Pygie factor for both SSB based measurement and CSI-RS based measurement
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Issue 1-2-4: L1-SINR measurement requirements enhancement
e  Proposals
o Option 1: FFS whether L1-SINR measurement requirements can be enhanced on following aspects
=  Beam sweeping factor NV

= Sharing factor Psjgng factor for both SSB based measurement and CSI-RS based measurement




image8.png
Issue 1-2-5: BFD/CBD measurement requirements enhancement
Issue 1-2-5-1: Aspects for BFD/CBD measurement requirements enhancement
*  Proposals
o Option 1: FFS whether BFD/CBD measurement requirements can be enhanced on following aspects

= Beam sweeping factor N
= Sharing factor Psjgine factor for both SSB based and CSI-RS based BFD/CBD
=  Measurement restrictions for both SSB based and CSI-RS based BFD/CBD
= Scheduling restrictions for both SSB based and CSI-RS based BFD/CBD
= The scaling factor Ptrp for TRP specific requirements

Issue 1-2-5-2: Simultaneous BFD/CBD measurements on two RSs from different resource sets

e Proposals

o Option 1: In R18, the enhancement on simultaneous BFD/CBD measurements on two RSs from different
resource sets can be considered.

o Option 2: In R18. RAN4 needs to study the conditions when UE is able to perform simultaneous BFD/CBD
measurements on two RSs from different resource sets, and investigate the impacts on sharing factor P1ze.

Issue 1-2-5-3: BFD/CBD measurement requirements enhancement for TRP specific link recovery

*  Proposals

o Option 1: FFS Requirements for TRP specific link recovery are enhanced for UE supporting multi-Rx chain
simultaneous reception.




