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[bookmark: _Toc116995841]Introduction
In this paper we discus RRM aspects related to L1 measurements when multi Rx chain UEs are considered in FR2. 

[bookmark: _Toc116995842]Discussion
Among the discussion on L1 measurement enhancements, the following points were raised for analysis during the last RAN4 meeting [3]:
	[bookmark: _Toc116995848]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

RLM
Beam sweeping factor reduction
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 RLM:
- 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 reducing the RLM period
- power consumption impact

Simultaneous reception of data and RLM-RS
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 RLM-RS:
- 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 (it should be considered that the UE may have to monitor multiple RLM-RSs)
- what restrictions (if there any) are needed to enable simultaneous reception at the UE
Simultaneous reception of RS for L1-measurement and RLM-RS
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 L1 measurement RS and RLM-RS:
- 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 (it should be considered that the UE may have to monitor multiple RLM-RSs)
- what restrictions (if there any) are needed to enable simultaneous reception at the UE

CBD/BFD
Beam sweeping factor reduction
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 CBD/BFD:
- 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
- power consumption impact
- system level considerations on performance gain from improving the beam sweeping scaling factor 


Simultaneous reception
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 CBD/BFD RS and other RSs:
- 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 (it should be considered that the UE may have to monitor multiple RSs for CBD/BFD)
- what restrictions are needed to enable simultaneous reception at the UE
- system level considerations on performance gain from improving the beam sweeping scaling factor 




Joint discussion for L1 requirements
As part of the agreed WF, several points for discussion were raised for L1-RSRP, RLM, CBD/BFD. Among those points were the enhancements related to beam sweeping scaling factor, simultaneous reception of RS and data. In our view splitting the discussion for each type of L1 procedure only makes the discussion harder to track and reach agreement at this stage, therefore we propose that beam sweeping scaling factor, and simultaneous reception of data and L1 measurements are discussed for all L1 procedures. 
[bookmark: _Toc118746549]Discussion on Rx beam sweeping scaling factor, simultaneous reception of DL data and RS, and other multi-Rx related topics can be done jointly for L1-RSRP, RLM, and CBD/BFD. 
When UEs supporting simultaneousReceptionDiffTypeD-r16, the UE would be capable of performing different new simultaneous tasks that would allow for a reduced beam sweep factor N, and P factor possible.
These new tasks would be:
1. Simultaneous L1/L3 measurements during SMTC window
1. Multiple active RX chains allowing for a faster beam search (2 Rx beams at the time instead of a single Rx beam).
1. Serving cell scan
1. Target cell scan
1. In case of an advanced UE mmWave front end architecture allowing for 2 simultaneous Rx beams the hierarchical search/tracking (such as based on P3) would also be reduced by a factor 2.

Architecture analysis
The beam sweep factor has been introduced for 5G NR in FR2 in order to account for the multi-beam multi-panel UE structure for legacy UEs.
In this document we focus on the case where the UE panel down selection is only done during L3 measurements. We understand that this process can also be performed during L1 measurements only/as well but to our understanding this would impact L1 report quality and should only be considered when the SMTC window time duration is large compared to the UE propagation environment change speed. One could imagine a UE in good radio conditions and thus requiring a smaller amount of measurement samples (hence using less SMTC windows). 
In the following we would like to share our understanding on UE measurement behavior in the context of two scenarios: 
2. UE with legacy architecture (single beam single active dual polarized RX chain at the time) 
2. UE with multi-Rx architecture UE (two simultaneous active dual polarized RX chains). 

a.  UE with legacy architecture (Single active dual polarized Rx-chain at the time).
In Scenario a, illustrated in Figure 1 the UE will only use L3 measurements for the panel down selection (and potentially even for further beam refinement, one could imagine narrow beam tracking on the serving cell during the SMTC window serving cell selected SSB).
This scenario is aligned with the CSI-RS based L1-RSRP requirements in clause 9.5.4.2 of 38.133, where N=1 when the CSI-RS for L1-RSRP measurement is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON. 
We illustrate in Figure 1 the panel/RX chain utilization/activation during each SSB burst assuming only a single active Rx-chain per SSB burst duration. In this example the SMTC periodicity is two times larger than the periodicity of the RS used for L1 measurements. 

[image: ]
[bookmark: _Ref118457061]Figure 1: Scenario a, UE legacy architecture, no L1 panel scan, small SMTC periodicity
A similar analysis is made in Figure 2, where the UE is also only performing panel scan during the L3 measurements. In this case the ability at the UE to maintain the best link is affected, since the L3 measurements are taken with a much longer periodicity than in the case of  Figure 1. This long SMTC periodicity would make the L3 based only scan and UE reactiveness much slower. 

[image: ]
[bookmark: _Ref118725605]Figure 2: Scenario a, UE legacy architecture, no L1 panel scan, large SMTC periodicity

A similar analysis is made in Figure 3, where the UE is now also performing panel scan during the L1 measurements. However, panel scan during L1 measurements directly affects the speed of reliable measurements to report for RLM-RS. 

[image: ]
[bookmark: _Ref118722142]Figure 3: Scenario a, UE legacy architecture, with L1 panel scan, large SMTC periodicity

b.  UE with multi-Rx architecture (two simultaneous active dual polarized RX chains.
In Scenario b, the UE will be able to perform two measurements simultaneously thus allowing for gains in the N and P parameter settings. In Figure 4 we illustrate the panel/RX chain utilization/activation during each SSB burst assuming multi-Rx architecture where the benefits of performing simultaneous L1 and L3 measurements in the case of no L1 panel scan and small SMTC periodicity. 
We only use L3 measurements for the panel down selection (and potentially even for further beam refinement, one could imagine narrow beam tracking on the serving cell during the smtc window serving cell selected SSB).

[image: ]
[bookmark: _Ref118463360]Figure 4: Scenario b, UE with Multi-Rx architecture, no L1 panel scan, small smtc periodicity
In Figure 5 we illustrate the panel/RX chain utilization/activation during each SSB burst assuming multi-Rx architecture where the benefits of performing simultaneous L1 and L3 measurements in the case of L1+L3 panel scan and large smtc periodicity. When smtc window is large the need for L1 panel scan become much more obvious for proper environment tracking. The L1 scan allows for a much faster acquisition on the radio environment. 

[image: ]
[bookmark: _Ref118734632]Figure 5: Scenario b, with Multi-Rx architecture, with L1 panel scan, large SMTC periodicity


1. [bookmark: _Toc118746550]Assume that UE architecture is capable of performing simultaneous operations of 
a. [bookmark: _Toc118746551]L1 measurement on first Rx chain and data reception on the second Rx chain simultaneously
b. [bookmark: _Toc118746552]L1 measurement on both Rx chains simultaneously
c. [bookmark: _Toc118746553]L1 measurement on first Rx chain and L3 measurement on the second Rx chain simultaneously

Beam sweeping scaling factor
One point that was brought by other companies is on the feasibility of the reduction of the beam sweeping scaling factor. To our understanding the beam sweeping factor includes 2 steps when measuring L1 from a single TRP. In the first step the UE performs panel down selection (panel scan), where rough beams are used to detect the main direction of the serving cell reference signal under measurement. After this step, the UE has a rough idea of the direction of the signal, and performs a second step of beam refinement on the UE selected serving panel. 
If the UE has an architecture that supports multiple beams on one panel, then the beam sweeping scaling factor can be reduced by a factor proportional to the number of parallel Rx chains. If one architecture only supports single beam on one panel it cannot make two parallel L1 tasks on a single panel simultaneously. 
Considering the 2 steps of beam sweeping described above, and the two architecture options for multi Rx UEs, it should be possible to obtain some beam sweeping factor reduction. For UEs suporting 2 beams on the same panel a reduction of two should be possible, whereas for UEs suporting a single Rx chain per panel would support a smaller reduction. 
[bookmark: _Toc118746554]For L1 measurements, beam sweeping includes a rough panel down selection phase and a beam refinement phase on a single panel. 
[bookmark: _Toc118746555]Beam sweeping scaling factor reduction for L1 measurements is possible and depends on the UE architecture. 
[bookmark: _Toc118746556]RAN4 to consider reduction of beam sweeping scaling factor for L1 measurements. 
[bookmark: _Toc118746557]RAN4 to consider N=4 for UE supporting beam split on the same panel.  
Simultaneous reception of data and RS for L1 measurements
Is one TRP is used for data and another used for RS depending on how spatially separable the two signals are. Additionally, if the UE is receiving L1 reference signals on the same direction as data, the UE should be able to perform L1 measurements while receiving data. If scheduling restrictions are improved, then the overall system performance can be improved by the use of multi Rx. Depending on the number of resources used for L1 measurements, the amount of symbols with restrictions will be large, and will limit the scheduling options for the network. 
1. Simultaneous data reception and RS can be used for improving system throughput. 
There are fundamentally two types of UE Rx panel architectures: 
· those that are limited to receive and decode a maximum of one QCL-Type D RSs at the time, and 
· those that can receive two simultaneous different QCL-Type D RSs. 
Enforcing legacy scheduling restrictions on all architectures would be a conservative approach that wouldn’t allow to exploit the performance advantages of a UE capable of receiving simultaneously from two different QCL-Type D RSs. UE performance may however be impacted by the UE location and the location of the sources (cells/TRPs) and the AoA from these.
1. [bookmark: _Toc118746558]In the case of L1-measurements over RS with different QCL-Type D and sufficiently large AoA the UE may be able to perform L1-measurement without or with same restrictions as in single Rx UE. 
1. [bookmark: _Toc118746559]In the case of L1-measurements over RS with different QCL-Type D and small AoA, the beams used for L1-measurement may overlap for both Rx chains and restrictions may be required for certain UE architectures. 
[bookmark: _Toc118746560]RAN4 to consider reduction of L1 measurements scheduling restrictions by means of simultaneous reception of data while performing L1 measurements. 

Simultaneous L1 and L3 measurements
As shown in session 2.1 of this paper, overlap of L1 and L3 RSs have a big impact in the measurement times. Current assumptions are that L1 and L3 measurements cannot be performed simultaneously, and in case the SMTC periodicity is small in comparison to the periodicity of the RS signals for L1 measurements, a large sharing factor is used for scaling up L1 measurement times. An example is when the SMTC is 2 times the RS used for L1 measurements. That situation is equivalent to duplicating the RS periodicity for L1 measurements, since only 1 every 2 RS occasions can be used for L1. 
Since the L3 measurements are typically performed using rough beam and sweeping across all the panels is used, the UE suporting multiple Rx chain operation would be able to perform L1 and L3 tasks simultaneously in order to perform faster L3 measurements. 

[bookmark: _Toc118746561]Enable simultaneous L1 +L3  measurements when multi-Rx is supported.
[bookmark: _Toc118746562]UE beamtracking procedures can map within an SS burst the SSB index per PCI to UE panels/RX-spatial filter in order to reduce scanning time.  
[bookmark: _Toc118746563]When multi-RX capability is activated adopt a reduction of the L1/L3 sharing factor to P =1 . 
Furthermore, the RS for L1 measurements and L3 measurement may be the same or different RS type (e.g. CSI-RS and SSB).
1. [bookmark: _Toc118746564]RAN4 to support simultaneous reception RS for L1 measurements and RS for L3 measurement from different directions.
And the RS for L1 measurements and L3 measurement may be the same or different RS type (e.g. CSI-RS and SSB).
1. [bookmark: _Toc118746565]RAN4 to support that the RS for L1 measurements and L3 measurement may be the same or different RS type.
Other aspects
Among other topics open for discussion related to simultaneous reception of RS from two different located sources for L1 measurements, is when to apply scheduling restrictions for multi-RX UEs. At least two scenarios were identified during the discussions in RAN4 #104..
Scenario 1:
In this scenario the UE is performing L1 measurement on two simultaneous but different QCL-Type D RSs which can be received by two independent panels at a time. In this case it is our understanding that the Rx chains, and hence UE beam management, operate independently and receiving one RS type using one Rx chain is assumed to not impact reception of same RS type on the other Rx chain. We also understand that one RS type using one Rx chain is assumed to not impact reception of different RS type on the other Rx chain.
In one scenario if the UE is performing CSI-RS based L1 measurement with one RX chain the UE is capable of receiving for example CSI-RS-based L1 measurement using the other Rx chain. In another scenario if the UE is performing CSI-RS based L1 measurement with one RX chain the UE is capable of receiving for example SSB-based L1 RS using the other Rx chain. All without cross Rx chain impact.
1. [bookmark: _Toc118746566]For a multi-Rx chain capable UE, reception of any RS type for L1 measurement using one Rx chain does not impact reception of same or different RS type for L1 measurement using another Rx chain.  
Scenario 2:
In this scenario, the UE is simultaneously performing L1 measurements from two different QCL-Type D RSs which would be measured using two Rx spatial setting from same panel. However, it is not clear whether for the UE architecture, the same or different Rx chain may be applied. 
In this situation, the issue is whether UE is capable of receiving from different QCL Type-D source location using separate Rx beam from one panel. Hence, on the same panel with two different beams. Option 2 suggests that the existing restriction would apply in this case.
This may be the case, but option 2 is not clear whether any restriction caused by L1 measurements using one Rx spatial setting and Rx-chain would enforce cross Rx beam restriction – hence, will it lead to restrictions on the other Rx beam and Rx-chain. This needs to be discussed further.
In our view, as the L1 measurement are performed without sweeping assumptions there will be no restriction impact from performing L1 measurements using on Rx spatial setting and Rx chain on the other Rx spatial setting and Rx-chain.
For the single Rx spatial setting the legacy restrictions can apply.
1. [bookmark: _Toc118746567]For dual spatial multi-Rx UE, there will be no restriction impact from performing L1 measurements using one Rx spatial setting and Rx chain on the other Rx spatial setting and Rx-chain.
Additionally, and like option 1, RAN4 would need to discuss both CSI-RS-based and SSB-based L1 measurements.
Regarding Scenario 1 in the issue above, in the case when different QCL-Type RSs are received by two different UE Rx panels at a time, the suggestion is that no measurement restriction and scheduling availability are needed because of beamforming conflict. Regarding Scenario 2, in the case when two different QCL-Type D RSs are received by same UE Rx panel at a time, the suggestion is that legacy R15/R16 requirement should be used. 
Considering these options, one challenge regarding the options discussed in the last meeting is that the network is not aware of which panels the UE is using for L1 measurement, and whether the UE is using 1 or more panels. Therefore it is not visible for the network when UE is measuring L1 measurement using beams using one active panel or 2 active panels. Additionally, it is easy to imagine a scenario where the two different QCL-Type RS-s are received on different panels but similar AoA at the UE, thus resulting in inter-RS interference. 
Scenario 3:
We do in general not see any technical reason why there would need to be such a data reception vs L1-RSRP measurement restriction. We see that such scheduling/measurement limitation in the system will impact the network scheduling of data and RS for L1 measurements which may not be beneficial for network or UE.
Scenario 4:
This scenario would in our view be representing a very common use case. Besides considering receiving different RS for L1-RSRP from differently located sources, we also believe that receiving RS for L1 measurements and RS for L3 measurement from different directions should be supported. 
1. [bookmark: _Toc118746568]RAN4 to support simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements.

Conclusion
In this paper we have presented analysis on L1 requirements for multi Rx capable UEs, where the following observations and proposals are derived:
Proposal 1: Discussion on Rx beam sweeping scaling factor, simultaneous reception of DL data and RS, and other multi-Rx related topics can be done jointly for L1-RSRP, RLM, and CBD/BFD.
Proposal 1: Assume that UE architecture is capable of performing simultaneous operations of
a.	L1 measurement on first Rx chain and data reception on the second Rx chain simultaneously
b.	L1 measurement on both Rx chains simultaneously
c.	L1 measurement on first Rx chain and L3 measurement on the second Rx chain simultaneously
Observation 1: For L1 measurements, beam sweeping includes a rough panel down selection phase and a beam refinement phase on a single panel.
Observation 2: Beam sweeping scaling factor reduction for L1 measurements is possible and depends on the UE architecture.
Proposal 2: RAN4 to consider reduction of beam sweeping scaling factor for L1 measurements.
Proposal 3: RAN4 to consider N=4 for UE supporting beam split on the same panel.
Observation 2: In the case of L1-measurements over RS with different QCL-Type D and sufficiently large AoA the UE may be able to perform L1-measurement without or with same restrictions as in single Rx UE.
Observation 3: In the case of L1-measurements over RS with different QCL-Type D and small AoA, the beams used for L1-measurement may overlap for both Rx chains and restrictions may be required for certain UE architectures.
Proposal 4: RAN4 to consider reduction of L1 measurements scheduling restrictions by means of simultaneous reception of data while performing L1 measurements.
Proposal 5: Enable simultaneous L1 +L3  measurements when multi-Rx is supported.
Observation 4: UE beamtracking procedures can map within an SS burst the SSB index per PCI to UE panels/RX-spatial filter in order to reduce scanning time.
Proposal 6: When multi-RX capability is activated adopt a reduction of the L1/L3 sharing factor to P =1 .
Proposal 7: RAN4 to support simultaneous reception RS for L1 measurements and RS for L3 measurement from different directions.
Proposal 8: RAN4 to support that the RS for L1 measurements and L3 measurement may be the same or different RS type.
Proposal 9: For a multi-Rx chain capable UE, reception of any RS type for L1 measurement using one Rx chain does not impact reception of same or different RS type for L1 measurement using another Rx chain.
Proposal 10: For dual spatial multi-Rx UE, there will be no restriction impact from performing L1 measurements using one Rx spatial setting and Rx chain on the other Rx spatial setting and Rx-chain.
Proposal 11: RAN4 to support simultaneous DL reception of same or different type of RSs from different directions is supported for defining L1 measurement requirements.
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