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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
One of the remaining issues is the indication of multi-Rx operation or the assumption for multi-panel on/off. The status is summarized as follows:
	Issue 1-2-5: Indication of multi-Rx operation
<Way forward >:
· Proposals
· Option 1: Do not introduce new dynamic or semi-static signaling for indication of applicability of multi-Rx operation
· Option 2: RAN4 to ask RAN2 to extend OverheatingAssistance mechanism to also cover multi-RX chain operation. The details are up to RAN2.



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. Based the discussion in last meeting, the options are further narrowed down to either no indication at all or extend overheatingAssistance mechanism.
For option 1, companies argued that the supporting of multi-Rx operation shall not be too dynamic. However, as explained for many meetings, without explicit indication, what is the default UE behavior is not clear. One can following two different interpretations:
· As long as UE supports UE capability of multi-Rx operation, UE shall always be capable of simultaneous reception (i.e. activate 2 panels) and meet corresponding requirements.
· UE maybe not always supporting multi-Rx operation even UE supports such capabilities, and there is no need to inform NW status which is completely up to UE implementation.
It is well recognized that multi-Rx operation is rather power consuming, and it can only bring benefits in certain scenarios (e.g. mTRP deployment). Additionally, whether UE is scheduled with simultaneous reception is up to NW. Thus, it is unrealistic to assume that UE will always keep multiple panels active.
Observation 1: It is unrealistic to assume that UE will always keep multiple panels active.
Then, if we want to make the multi-panel operation really workable in real deployment, UE and NW shall have consistent understanding on when UE is capable of the multi-panel operation, which will impact the configuration and the scheduling from NW.
Observation 2: UE and NW shall have consistent understanding on when UE is capable of the multi-panel operation, which will impact the configuration and the scheduling from NW.

Based on the discussion in previous meeting and offline discussion before the meeting. Companies opposing have new dedicated indications stated that existing the mechanism can already serve the purpose. We provide our analysis in following part to elaborate whether the mentioned existing mechanism can solve the problem.
Reusing existing OverheatingAssistance:
It could be seen from RAN2 spec that there are different reasons for overheatigAssistance. For instance, preference on reducedMaxCC, preference on reducedMaxMIMO layer. However, by reusing the existing overheatingAssistance information without dedicated signaling for multi-Rx operation, NW cannot tell whether it is about multi-Rx fullback. If UE indicate reducedMIMO layers, even it is indicated as two. NW can still schedule simultaneous reception from 2 TRP with one layer for each TRP.
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Observation 3: By reusing the existing OverheatingAssistance, NW cannot tell whether UE can support multi-Rx operation.
Implicit indication by GBBR:
Some companies also mentioned that NW can tell whether UE support simultaneous reception by GBBR results. If UE reports imbalance GBBR report, then NW will not schedule expect multi-RX operations. However, the essential problem is still not fixed. If NW received imbalance GBBR report, there could be following two cases:
· Case 1: UE is moving to non mTRP scenario where UE can not be scheduled by mTRP even UE is activating multiple panels.
· Case 2: UE is in mTRP scenario, but UE turn off one panel for power saving purpose. Then UE reports imbalance GBBR report.
For above cases, NW has no idea whether UE is in mTRP scenario. More specifically, for case 2, it assumes that UE can turn on/off multi-Rx at liberty and NW is not aware of this.
Observation 4: Implicit indication by imbalance GBBR will cause additional ambiguities for NW, since NW can tell differentiate following two cases:
· Case 1: UE is moving to non mTRP scenario where UE cannot be scheduled by mTRP even UE is activating multiple panels.
· Case 2: UE is in mTRP scenario, but UE turn off one panel for power saving purpose. Then UE reports imbalance GBBR report.
Based on analysis above, it is necessary to introduce a dedicate indication to tell NW that multi-RX operation is temporarily not supported. Thus, it is proposed to use UEAssistanceInformation by adding new purpose to indicate UE preference on not supporting capabilities related to simultaneous reception with different QCL-typeD as defined in TS 38.306.
Proposal 1: RAN4 to send LS to RAN2 to introduce new purpose of UEAssistanceInformation procedure to indicate UE preference on not supporting capabilities related to simultaneous reception with different QCL-typeD as defined in TS 38.306.
Another issue is about the conditions in L1 measurement requirements, the proposals are summarized as follows:
	Issue 1-3-4: Set of conditions to be considered in the L1 measurement requirements
<Way forward >:
· Proposals
· Option 1: (Ericsson)
· The following is a necessary condition in multi-rx requirements
· Condition #1: UE has the multi-rx operation capability (to be replaced with the exact capability name, with a relevant reference in the specification),
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The applicable side conditions are the conditions during the overlapping RS occasions (the conditions can be better in the non-overlapping occasions),
· Condition #7: The measured RS is being received simultaneously with another RS, where the two RSs have QCL-TypeD with different references, in at least one overlapping measurement occasion during the measurement period.
· Option 2: (Qualcomm)
· RAN4 to not assume UE receives signals/channels from mTRP using simultaneously formed multiple Rx beams when any of the following conditions are not met:
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (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
· SNR > XdB from each TRP, e.g. SNR regime where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· Note that the number of UE cell search engines should remain the same, irrespective of the number of active UE Rx beams.

Issue 1-3-5: UE behaviour when a condition (e.g., from the set of conditions in issue 1-3-4) becomes violated during a measurement
<Way forward >:
· Proposals
· Option 1: (Ericsson)
· When at least one of the conditions becomes violated, the UE may or may not be able to complete the multi-rx measurement, e.g.:
· may need to stop and restart (in new conditions) the RS measurements, at least for some of the conditions (e.g., when TCI configuration changes, PCell changes).
· continues the RS measurement using a single panel, but more relaxed requirements apply for such measurement, at least for some of the conditions,
· may need to complete the measurement before switching to the operation mode where the condition is violated, at least for some of the conditions (e.g., UE receives CA configuration).




For the set of conditions for L1 measurement, as also discussed in offline meetings, it is more suitable to be discussed under each particular requirement (e.g. conditions for beam sweeping factor reduction or conditions for scheduling restriction relaxation). The general conditions can be discussed in CR stage.
Observation 5: The conditions for multi-Rx operation are expected to be discussed with each particular requirement.
A following issue is whether to define UE behavior when conditions is violated during measurement. From our understanding, RAN4 seldom discusses particular behavior when side conditions are violated. The sense of defining requirements it to guarantee the performance of particular feature. For multi-Rx operation, it is to guarantee the reliable performance in mTRP scenario. We fail to see the necessity to define particular UE behavior when conditions for mTRP are not met. In other words, it is not the target scenario when the side conditions are not met; otherwise, such scenarios shall be considered when defining the side conditions.
Proposal 2: RAN4 not to define particular behavior when side conditions for multi-Rx operation are violated. 
For UE capabilities, there were discussion on simultaneousRxDataSSB-DiffNumerology. From our understanding, this is not the only UE capability to be considered. For each particular enhanced requirement, RAN4 shall introduce corresponding requirements. RAN4 shall focus on solving the remaining issue and the corresponding UE capabilities can be discussed in feature list as usual business. 
Proposal 3: UE capabilities related to multi-Rx operations shall be discussed in UE feature list.

3. [bookmark: _GoBack]Conclusions
Observation 1: It is unrealistic to assume that UE will always keep multiple panels active.
Observation 2: UE and NW shall have consistent understanding on when UE is capable of the multi-panel operation, which will impact the configuration and the scheduling from NW.
Observation 3: By reusing the existing OverheatingAssistance, NW cannot tell whether UE can support multi-Rx operation.
Observation 4: Implicit indication by imbalance GBBR will cause additional ambiguities for NW, since NW can tell differentiate following two cases:
· Case 1: UE is moving to non mTRP scenario where UE cannot be scheduled by mTRP even UE is activating multiple panels.
· Case 2: UE is in mTRP scenario, but UE turn off one panel for power saving purpose. Then UE reports imbalance GBBR report.
Proposal 1: RAN4 to send LS to RAN2 to introduce new purpose of UEAssistanceInformation procedure to indicate UE preference on not supporting capabilities related to simultaneous reception with different QCL-typeD as defined in TS 38.306.
Observation 5: The conditions for multi-Rx operation are expected to be discussed with each particular requirement.
Proposal 2: RAN4 not to define particular behavior when side conditions for multi-Rx operation are violated. 
Proposal 3: UE capabilities related to multi-Rx operations shall be discussed in UE feature list.
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