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1. Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were further discussed, with agreement captured in [1][2]. The scope and scenarios were further clarified. In this paper, we further provide our views on the general aspects on RRM requirements for FR2 multi-Rx chain.
2. Discussion
2.1 Assumptions for multi panel on/off and mTRP/sTRP
Based on the discussion in previous meetings, there were considerable number of contributions analyzing the on/off state of two panels. The related proposals were summarized under power saving topic in the summary [3] as follows:
	Issue 1-2-5: Whether and how to define power saving related requirements
· Proposals
· Option 1: 
· RAN4 agrees to allow a UE capable of multi-RX reception to 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. FFS how this is achieved.
· Option 2: 
· RAN4 to discuss whether to consider panel activation issues, e.g., UE initiated or NW initiated, panel status and panel activation delay, etc.
· Option 3: 
· No need to specific power saving RRM requirements
· But RAN4 to discuss whether and how to inform to network for UE power saving behavior
· The UE power saving behavior is that the UE capable of multi-Rx reception turns on (multi-Rx chain) or off (single Rx chain) the multi-Rx chain arbitrarily.
· Option 4: 
· RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.
· A UE capable of multi-Rx reception and the network should be aware of when the UE is using 2 Rx chains for reducing measurement times or reducing scheduling restrictions or when it is using a single Rx chain.
· RAN4 to discuss new signaling for UE indication of use of 2 Rx chains.
· Option 5: 
· No power saving specific requirements are considered in the WI.
· Option 6: 
· No new power saving requirements specific for multi-rx operation are considered in the WI.
· Extend OverheatingAssistance mechanism to also cover multi-RX chain operation and further discuss the details for multi-RX chain ON/OFF mechanism based on OverheatingAssistance.
· Option 7: 
· RAN4 to discuss whether UE shall always be prepared for simultaneous reception or UE is allowed to choose the best Rx beam for single TRP reception (e.g. mDCI).
· Recommended WF
· Needs further discussion.




From our understanding, it is not related to enhancement on power saving requirements, instead it is a more essential problem should be clarified about the on/off assumption about multi-Rx.
Observation 1: It is essential to clarify the assumption of on/off state of multi-Rx, which is not only about power saving enhancement but to enable the simultaneous reception.
Based on the proposals submitted in previous meeting, the assumptions can be categorized into following cases:
Assumption 1: UE shall always active 2 panels when UE is capable of the capability (e.g simultaneousReceptionDiffTypeD-r16)
[bookmark: _Hlk129270716]Some companies believe that if UE indicates supporting simultaneousReceptionDiffTypeD-r16, UE shall always active 2 panels for scheduling. However, activating multiple panels will lead to extensive power consumption. In realistic network, simultaneous reception with different QCL Type-D is only feasible in very limited scenarios when there is huge data demand. In others words, the feature will not be used when the UE is not in mTRP scenarios or there is no high load service. Thus, it is unreasonable to assume that UE will active multi panels all the time.
Observation 2: It is unreasonable to assume UE will active multi panels all the time since the simultaneous reception with different QCL Type-D is only feasible in limited scenarios (e.g. high load with mTRP deployed)
Assumption 2: Implicit determined by mTRP related configuration. (e.g. group-based reporting, two TCI states)
When discussing the applicable conditions for requirements related to multi panel receptions, some companies proposed to add conditions for simultaneous reception based on mTRP specific configurations [4]. The detailed conditions are proposed as follows. The motivation is to indicate on/off state of multi panel implicitly based on NW configurations. However, the implicit assumption is still not clear enough to enable the simultaneous reception. Even UE is configured with two TCI states in the TCI list, it does not necessarily mean NW will schedule simultaneous reception. The possible procedures could be like NW first configure group-based reporting for the UE, and UE reports the beam pairs can be simultaneously received to NW. Even this is suitable beam pairs from UE’s perspective, whether NW will schedule simultaneous reception is still up to NW scheduling strategy. There could be some limitation on NW side as gNB is serving multiple UEs.
	· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured



Observation 2: The mTRP related configuration does not necessarily mean simultaneous reception which is subject to NW scheduling.
Assumption 3: UE to indicate NW about on/off multi panels/simultaneous reception
Considerable number of proposals mentioned that UE can indicate the on/off state to NW. For power consumption purpose, UE may choose to fallback to one panel state though UE is capable of simultaneousReceptionDiffTypeD-r16. From our understanding, it is reasonable to enable such freedom to UE since it is not possible that UE always activates multiple panels. If UE indicates that UE in 2 panel-on state, then NW and UE can establish consistent understanding and NW can schedule simultaneous reception to UE. However, one problem is that UE has no idea on when to activate/deactivate multi panels. As analysed above, it is NW to decide whether to schedule simultaneous reception considering when UE is in mTRP area and whether there is high load service. In other words, without assistant information from NW side, UE does not know when to activate multi panels.
Observation 3: Indication from UE to NW about on/off state of multi panels can help NW to have clear understanding on when UE is capable for simultaneous reception. However, UE may have no idea on when to activate multi panels since the simultaneous reception is up to NW scheduling.
Assumption 4: NW to control on/off state of multi panels of UE.
There are also proposals to leave to decision completely to NW that NW can control the on/off state of multi panels of a UE. Though NW has clear picture on whether simultaneous reception is needed and feasible, the NW based approach may lead to power consumption issue as NW is not aware of the battery state of the UE. Besides, based on the discussion in previous release, UE panel is transparent to NW and it is not desirable to introduce panel control mechanism.
Observation 4: The assumption on on/off of multi panels can be categorized as:
Assumption 1: UE shall always active 2 panels when UE is capable of the capability (e.g simultaneousReceptionDiffTypeD-r16)
Assumption 2: Implicit determined by mTRP related configuration. (e.g. group-based reporting, two TCI states)
Assumption 3: UE to indicate NW about on/off multi panels/simultaneous reception
Assumption 4: NW to control on/off state of multi panels of UE.
Proposal 1: RAN4 to discuss the on/off state of multi panels of UE to enable simultaneous reception.
Another issue should be clarified to enable the simultaneous reception is about mTRP/sTRP assumptions. For the on/off issue analyzed above, UE may choose to activate multi panels or fall back to single panel considering the power consumption issue. Similarly, UE may also face the choice of mTRP/sTRP since UE may have different beam strategy. As analyzed in our paper in last meeting, even UE activates multi panels, UE is not aware of the mTRP/sTRP scenarios. As illustrated in Fig. 1, based on legacy L1-RSRP measurement, UE can determine the best Tx beam and Rx beam as shown in the left part in the fig where the Rx beam for RS0 and RS1 are located in the same panel. However, for simultaneous reception, UE may choose the suboptimal Rx beam for RS0 which is located in another panel and indicate to NW that (RS0, RS1) can be received simultaneously via groupBasedBeamReporting-r17. For some cases, UE is not aware of the intention of NW for simultaneous reception, then it is still possible that UE choose the best beam to obtain the best throughput performance. For instance, in mDCI, PDSCH are scheduled individually, so when UE receives DCI with TCI QCL-TypeD to RS0, UE may choose the best Rx beam for data reception from TRP0.
[image: ]
Fig.1 Suboptimal Rx beam for simultaneous reception
Observation 5: Even UE turns on multi panels, the beam pairs reported via groupBasedBeamReporting may not be the best beam for each TRP respectively.
Then in mDCI cases, as shown in following Fig.2, when UE receives DCI0 form TRP0 (point A), UE is not aware of the potential overlapped PDSCH, which is so-called simultaneous reception with different QCL type-D. Only when DCI1 is decoded (point B) that UE knows that there is simultaneous reception from two directions. Based on analysis above, UE may have following implementations:
Implementation 1:
UE chooses the best RX beam for TRP0 to obtain best performance. Then from point A to point B, UE may choose the Rx beam as the left part of Fig.1. 
Implementation 2:
UE chooses the suboptimal RX beam for TRP0 which may have performance degradation. Then from point A to point B, UE may choose the Rx beam as the right part of Fig.1. 

[image: ]
Fig.2 Simultaneous reception for mDCI
Above two different implementations may lead to different results for simultaneous reception for including data+data/RS+data. For instance, for mDCI case, though UE is configured with corsetPoolIndex with different values, it does not mean UE will be scheduled simultaneous reception. If UE is only scheduled by one TRP, use suboptimal beam will lead to unnecessary performance degradation. In sDCI cases, if the TCI states if switched from dual TCI states to one TCI state, UE may also have different interpretations. One type of UE may take it as the indication from mTRP to sTRP mode, then UE may choose the best Rx beam when the simultaneous data reception and L1 measurement is not feasible though UE has reported beam pairs via groupbasedreporting. 
Observation 6: When UE turns on multi panels, NW and UE should have consistent understanding on beam type used by UE (beams for mTRP/sTRP). 
One may argue that UE shall turns on multi panels and always prepared for simultaneous reception using beams in beam pairs. However, as mentioned above, it leaves little room for UE power saving and it is inflexible for UE to pursue higher performance in different scenario. 
Proposal 2: RAN4 to discuss the Rx beam assumptions (beam in beam pairs for simultaneous reception or best beam for each TRP) when UE turns on multi panels. 
Based on analysis above, the assumption for on/off state of multi-panel and assumptions for beam type are essential to enable this feature. RAN4 needs to come up with mechanism to establish consistent understanding between UE and NW either explicitly or implicitly. Otherwise, the discussion about simultaneous reception and corresponding requirements are meaningless.
3. Conclusions
Observation 1: It is essential to clarify the assumption of on/off state of multi-Rx, which is not only about power saving enhancement but to enable the simultaneous reception.
Observation 2: It is unreasonable to assume UE will active multi panels all the time since the simultaneous reception with different QCL Type-D is only feasible in limited scenarios (e.g. high load with mTRP deployed)
Observation 2: The mTRP related configuration does not necessarily mean simultaneous reception which is subject to NW scheduling.
Observation 3: Indication from UE to NW about on/off state of multi panels can help NW to have clear understanding on when UE is capable for simultaneous reception. However, UE may have no idea on when to activate multi panels since the simultaneous reception up to NW scheduling.
Observation 4: The assumption on on/off of multi panels can be categorized as:
Assumption 1: UE shall always active 2 panels when UE is capable of the capability (e.g simultaneousReceptionDiffTypeD-r16)
Assumption 2: Implicit determined by mTRP related configuration. (e.g. group-based reporting, two TCI states)
Assumption 3: UE to indicate NW about on/off multi panels/simultaneous reception
Assumption 4: NW to control on/off state of multi panels of UE.
Proposal 1: RAN4 to discuss the on/off state of multi panels of UE to enable simultaneous reception.
Observation 5: Even UE turns on multi panels, the beam pairs reported via groupBasedBeamReporting may not be the best beam for each TRP respectively.
Observation 6: When UE turns on multi panels, NW and UE should have consistent understanding on beam type used by UE (beams for mTRP/sTRP). 
Proposal 2: RAN4 to discuss the Rx beam assumptions (beam in beam pairs for simultaneous reception or best beam for each TRP) when UE turns on multi panels. 
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