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1. Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX downlink reception work item was approved [1] and in RAN#96 meeting the objectives were revised by updating relevant RF objective for spherical coverage [2]. Specifically, the RRM objectives contained in the WID are provided as following [3]:
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTE:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.


Then, in RAN4 #104-bis-e, a WF was approved on RRM impacts and general aspects for multi-Rx, in which almost all issues are still diverse [4]. In this contribution, we would like to further provide our analysis on the relevant RRM core requirements (general aspects and receive timing difference).
2 Discussion 
2.1 General aspects
2.1.1 Scenarios for “simultaneous reception”
There was discussion on scenarios for “simultaneous reception” in this WI.
	Issue 1-2-2: Scenarios for “simultaneous reception”
· Proposals
· Option 1: Under the assumption of non-overlapped or very limited partial overlapped between the beam direction coverage of each panel, all following candidate combinations are possible: 
· Simultaneous fine beam reception from panel A and fine beam reception from panel B
· Simultaneous coarse beam reception from panel A and coarse beam reception from panel B
· Simultaneous fine beam reception from panel A and coarse beam reception from panel B
· Simultaneous coarse beam reception from panel A and fine beam reception from panel B
· Option 2: RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
· Scenario A: simultaneous reception of RS0 and RS2, same TRP, same SSB index, same cell
· Scenario B: simultaneous reception of RS0 and RS10, different TRPs, same SSB index, same cell
· Scenario C: simultaneous reception of RS0 and RS3, same TRP, different SSBs, same cell
· Scenario D: simultaneous reception of RS0 and RS13, different TRPs, different SSBs, same cell.



Since option 1 is relevant to the issue of simultaneous L3 measurements (rough beam) and L1 measurements (fine beam) in 8.8.3.1, we suggest 
Proposal 1: Suggest to first clarify the feasibility of simultaneous L3 measurements and L1 measurements before making conclusion.
Based on the analysis in previous meetings, we would like to have some options on the scenarios that will be possible included for the multi-RX chain simultaneous DL reception based on the assumption that simultaneous L3 and L1 measurements can be supported: 
Proposal 2:
Simultaneous DL reception from different directions with different QCL TypeD RSs including at least the following combinations:
· Simultaneous reception of data on both panels
· Simultaneous reception of RSs for L1 measurement on both panels
-The RSs includes SSB and CSI-RS
-The L1 measurement includes L1-RSRP/L1-SINR/RLM/CBD/BFD
· Simultaneous reception of RSs for L1 measurement on one panel and data on the other panel
· Simultaneous reception of RSs for L3 measurement on one panel and data on the other panel
· Simultaneous reception of RSs for L3 measurement on both panels
-The RSs includes SSB and CSI-RS
Note: 
-The“panel”terminology means logical conduct, i.e. corresponding to spatial filter
2.1.2 UE architectures
In the last meeting, the UE architectures for Rel-18 multi-RX WI were discussed, and the following was captured in the WF:
	Issue 1-2-4: UE architectures
· Proposals
· Option 2: 
· Multi Rx architecture with above consideration, to assume that each Rx chain will need to process at an independent FFT window.  
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements or demodulation tasks. 
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements on 2 Rx chains. 
· Independent timing loops are supported in multi-RX for intra and inter cell mobility measurements.
· Option 4: It is not necessary to have a general conclusion on multi-Rx chain architecture.
· Option 5: Should be discussed in RF session.


For UE architecture discussion, to support UE simultaneous measurement based on reference signals with different QCL TypeD and 4 layer transmission (per requested by WID), we believe that the UE architecture of “Multiple Antenna panel + AGC + front-end + baseband (Demod/RRM)” is necessary, where at least the FFT window in baseband is individual for each RX chain. However, it is related to UE RF session’s discussion, and need further confirmation from RF experts. So we suggest
Proposal 3: The UE architecture should be discussed in RF session
2.1.3 Whether and how to define power saving related requirements
The issue and corresponding options regarding the power saving related requirements are duplicated as following:
	Issue 1-2-9: Whether and how to define power saving related requirements
· Proposals
· Option 1: No power saving specific requirements are considered in the WI.
· Power saving can be one aspect to be considered when specifying RRM requirements, e.g., if a UE always needs to keep two panels active.
· Option 3: RAN4 should discuss if a UE capable of multi-RX reception should inform the network that it does not support two AoA reception, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 3a: RAN4 should discuss how a UE capable of multi-RX reception should inform the network when switching from 2 Rx chains to 1 Rx chain, and vice versa, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 5: RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.


We have concerns on coupling the features of power saving and simultaneous DL reception from different directions. For UE supporting simultaneous DL reception from different directions, the enhancement over non-power-saving supported UE should be studied as a baseline. But RAN4 can define power saving related requirement in the future if UE always need to keep two panel active.
Therefore adopt the following proposal,i.e., option1: 
Proposal 4:  For RRM requirements specified for UE supporting simultaneous DL reception from different directions, no need to define additional requirements for power saving.
2.2 Receive timing difference
The issue and corresponding options regarding the RTD are duplicated as following:
	Issue 1-3-1: Receive timing difference
· Proposals
· Option 1: The receive timing difference between different directions is within CP in R18.
· Option 1b (Qualcomm, Apple): Receive time difference for configured different QCL Type D RSs is not larger than CP. FFS whether and how much additional margin within the CP length is needed.
· Option 2: The receive timing difference between different directions is within CP at least. FFS whether to define requirements with timing difference larger than CP.
· Option 3: Consider receive time differences larger than CP.
· The multi-RX UE can support independent time and frequency tracking for each Rx chain.
· Option 4 (Tentative agreement in GTW): The receive timing difference considered for data reception and L1 measurements between different directions (2AOAs) is within CP
· Receive time differences between any configured different QCL Type D RSs is not larger than CP.
· FFS whether to define requirements with timing difference larger than CP.



2.2.1 Receive timing difference
Back to Rel-16 multi-TRP operation introduced in MIMO enhancement, there is no final decision explicitly to define MRTD requirement from two TRPs, but there is one clarification in TS 38.133: “The requirements defined in clause [7.6] are also applicable when UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers.” Besides, based on the RAN1 UE assumption that UE may receive DL transmission from multiple TRP within a CP, otherwise performance degradation will be emerged due to the existence of ICI between tones from different TRPs.The option 4 (Tentative agreement in GTW) seems reasonable. 
However, in our understanding the agreed option is feasible to the some cases. Specifically, comparing with Rel-16/Rel-17 operation, for Rel-18 UE supporting simultaneous DL reception from different directions, the story will be different. By taking the below figure as the example, when the two TRPs are more separated, simultaneous DL reception from different directions with AoA1 and AoA2 with discriminated directions, can be achieved by utilizing two panels located in opposite sides of handheld UE. Similar to Rel-15, it is possible to support 2-layers by using two polarization from each AoA, while spatial diversity or saptial multiplexing can be achieved by simultaneous recpetion of AoA1 and AoA2. We see the necessity of two independent baseband processing schemes, i.e., two FFTs and timing estimation/tracking/compensation modules for each RX chain, otherwise it is impossible to achieve simultaneous recpetion of AoA1 and AoA2 for both data transmission and RRM operations. In this case, the restriction of not larger the CP length can be ignored.
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Figure 1: Simultaneous DL reception from different directions with AoA1 and AoA2 are in discriminated directions
Observation 1: For UE supporting simultaneous DL reception from different directions, e.g. AoA1 and AoA2 are in discriminated directions, independent RX chain and BB processing is of necessity to support two distinct AoAs.
To support more deployment flexibility, the RTD of signals received from different panels can be extended to the value higher than CP length. While, considering the scenarios and UE architecture were discussed but without agreement in last meeting, we have the following propose:
Proposal 5:  RAN4 to discuss whether to define requirements with timing difference larger than CP depending on progress of RRM requirements
3. Conclusion
In this contribution, we provided our analysis and viewpoint on the relevant RRM requirement (general aspects and receive timing difference), accordingly the following observations and proposals are obtained: 
Observation 1: For UE supporting simultaneous DL reception from different directions, where AoA1 and AoA2 are in discriminated directions, independent RX chain and BB processing is of necessity to support two distinct AoAs.
Proposal 1: Suggest to first clarify the feasibility of simultaneous L3 measurements and L1 measurements before making conclusion.
Proposal 2:
Simultaneous DL reception from different directions with different QCL TypeD RSs including at least the following combinations:
· Simultaneous reception of data on both panels
· Simultaneous reception of RSs for L1 measurement on both panels
-The RSs includes SSB and CSI-RS
-The L1 measurement includes L1-RSRP/L1-SINR/RLM/CBD/BFD
· Simultaneous reception of RSs for L1 measurement on one panel and data on the other panel
· Simultaneous reception of RSs for L3 measurement on one panel and data on the other panel
· Simultaneous reception of RSs for L3 measurement on both panels
-The RSs includes SSB and CSI-RS
Note: 
-The“panel”terminology means logical conduct, i.e. corresponding to spatial filter
Proposal 3: The UE architecture should be discussed in RF session
Proposal 4:  For RRM requirements specified for UE supporting simultaneous DL reception from different directions, no need to define additional requirements for power saving.
-Power saving can be one aspect to be considered when specifying RRM requirements, e.g., if a UE always needs to keep two panels active
Proposal 5:  RAN4 to discuss whether to define requirements with timing difference larger than CP depending on progress of RRM requirements
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