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[bookmark: _Toc116995841]Introduction
Rel-18 multi-Rx work item core part was officially finalized in the RAN4#109 meeting. However, some issues were left open and are to be handled in the maintenance phase of the work item [1]. 
	Following issues are for discussion in FR2 multi-Rx WI core maintenance.
· Companies are encouraged to bring analysis on conditions for fast beam sweeping.
· Companies may bring concrete proposal on UE requirement in the transition period for each requirement/side condition in the maintenance part.
· Companies are encouraged to bring analysis on how to update the condition of RTD < CP.
· Maintenance based on latest specification.




In this contribution we discuss some of the open issues from general requirement point of view.
Condition for UE being activated with multi-Rx
RAN4 has discussed the condition that “the UE is activated with multi-Rx” related to multiple requirements. The discussion has been related e.g. to the UE assistance information that RAN2 defined based on RAN4 LS [2] for a multi-Rx UE to be able to signal about single panel preference.
Since in the last meeting there seemed to be different understandings of the introduced RAN2 UE assistance information, we would first like to clarify how RAN2 defined the UAI that RAN4 requested them to define in the LS.
Agreements related to the UAI about single panel preference from RAN2#123bis are the following:
	Agreements:
1. Preference indication in the UAI on one panel in FR2 is introduced that is not related to the existing power saving and overheating indications.
1. UE only needs to report its preference on 1 panel and the absence of the field in a UAI indicates a preference to switch back to 2 panels.
1. For 1 Rx panel preference reporting, a prohibit timer is configured by network.
1. Introduce a new UE capability to indicate that UE can provide the preference for multi-Rx panel operation for FR2.  FFS on other UE capabilities coming from RAN4




The agreed and endorsed RAN2 CRs related to the UAI are [3], [4], [5] and [6].
Summarizing the agreements and CRs, the UAI for single panel preference works in the following way:
· UE supporting multi-Rx capabilities is as a default expected to be in multi-Rx mode.
· If the UE wants to switch to single-Rx mode, it sends UAI with single panel preference. 
· Single panel preference applies until UE sends UAI without the single panel preference indication (i.e. if the UE sends UAI for other purposes, it needs to keep indicating single-Rx preference if it wants to continue in single-Rx). When the UE sends UAI without single panel preference indication, the UE is expected to go back to multi-Rx mode.
· To prevent ping pong between single-Rx and multi-Rx preferences, a prohibit timer is started at the time of single panel preference indication, and the UE is not allowed to send another UAI with this field before the timer expires. 
· TS 38.300 explicitly states the following gNB behaviour when UE sends a UAI. “In all cases, it is up to the gNB whether to accommodate the request."

RAN4 needs to discuss whether UE sending the indication means that:
1. The UE will at the moment of UAI signaling stop using the second panel and fall to single Rx mode i.e. the UE requirements regarding simultaneous reception or faster beam sweeping change, or
2. The UAI is considered as information/request to the network, and the UE continues to use two panels/Rx at the time of indication. Network takes the indication into account and may decide to e.g. indicate only a single TCI state for the UE. Such reconfiguration will allow the UE to fall to single-Rx mode.
Our understanding about the indication is that it was defined for UE power saving purposes. We do not see that in real life networks the UE would get such an immediate need to save power that it would without any delay need to turn off another panel. Hence, we think option 2. where the network may configure the UE differently based on the indication would serve the power saving purpose sufficiently. Therefore, as a general principle we propose:
[bookmark: _Toc159255472]UE requirements and behaviour (single-Rx v.s. multi-Rx) to be dependent on network configuration (single TCI, dual TCI etc.) not UE indication of single panel preference.
In the following we discuss some of the detailed requirements under the assumption of Proposal 1.


[image: ]
[bookmark: _Ref158276173]Figure 1 Agreed procedure in RAN2 for UE indicating preference for single Rx operation
Figure 1 shows a diagram indicating how the UE assistance information works in the current version of RAN2 specification. In that method, the network may configure the UE to report multiRx-PreferenceReportingConfigFR2. If that reporting is configured, the UE may report its preference through UE assistance information. The preference is either indicated as multiRx-PreferenceFR2=single, which indicates that the UE would like to operate in single Rx mode, whereas if this field is empty, it indicates that the UE would like to operate in multi Rx mode. 
Regarding the impact of this signaling, the specification 38.300 includes the following sentence in clause 7.9:
· "In all cases, it is up to the gNB whether to accommodate the request.”
From that, it is clear that no specific behavior is expected after UE reporting UAI, and it is up for the network to decide how to configure the UE to accommodate that request. 
[bookmark: _Toc159255473]38.300 states that UAI purpose is for the UE to indicate preference and it is up to the gNB the decision to accommodate the request. 
From data reception perspective, it is easy for the network to use the existing signalling to accommodate the UE preference to use single Rx. In that case, the network only has to indicate the UE with a single TCI for DL reception. In multi DCI operation, the network can also schedule the UE for each TRP in a TDD manner, or it can send RRC reconfiguration so that the UE returns to single TRP operation. In either case, there is no specification impact for the gNB to configure the UE for single Rx operation. 
[bookmark: _Toc159255474]The gNB can configure the UE to operate in single Rx for data reception using the TCI switching framework. 
[bookmark: _Toc159255475]No need to capture in RAN4 RRM requirements whether Multi Rx is activated in TCI switching requirements. 
For faster beam sweeping, there is currently no way for the network to configure the UE to operate with faster or legacy beam sweeping scaling factor. If it is the wish of RAN4 that the UEs are able to fallback to slow beam sweeping scaling factor, it would be needed that the network configures that after the UE indicates its preference for single Rx operation. That would imply in further RAN2 work to provide such signalling. Considering that this WID is already officially closed for the core part, we believe that the most practical solution is that faster beam sweeping is always considered active for the UE that supports this feature. 
[bookmark: _Toc159255476]The existing RAN2 signalling doesn’t provide support for the network to disable faster beam sweeping.
[bookmark: _Toc159255477]RAN4 to consider that faster beam sweeping due to multi Rx is always activated.
For measurement restrictions, it is possible for the network to accommodate the UE for single Rx operation through configuration. If the gNB sends new RRC reconfiguration message, it is possible for the network to configure CSI-RS such that overlap between two TRPs is avoided. 
[bookmark: _Toc159255478]The gNB can disable measurement restrictions enhanced operation with Multi Rx through configuration of CSI-RS resources that do not overlap in time. 
[bookmark: _Toc159255479]No need to capture in RAN4 RRM requirements whether Multi Rx is activated for measurement restrictions. 
For scheduling restriction, the network may also configure the UE such that scheduling restrictions are disabled. Since all of the scheduling restrictions depend on GBBR-R17 the network may disable GBBR-r17 reporting. If there is no GBBR report, the UE would not be expected to receive data while performing measurements, since there is no suitable pair reported. 
[bookmark: _Toc159255480]The gNB can disable scheduling restrictions enhanced operation with Multi Rx by not configuring GBBR-R17. 
[bookmark: _Toc159255481]No need to capture in RAN4 RRM requirements whether Multi Rx is activated for scheduling restrictions.

Discussion on scenarios
During RAN4#106bis the following agreement was reached regarding CA/DC scenarios:
	Issue 1-1-2: Single (component) carrier for defining RRM requirements
<Agreement >:
· Deprioritize discussions on RRM requirements for CA/DC scenarios till single carrier requirements are completed.




The intention of the group with this agreement was to simplify the work limiting the scope and avoid extra work that would be generated by allowing multiple component carriers. 
One important scenario to be considered in FR2 is the use of carrier aggregation, specially if there is a FR1 carrier available. In this case, the FR1 can be used as PCell to provide enough cell coverage, whereas the FR2 SCell can be used for providing throughput capacity. If this scenario is precluded, the usability of the multi Rx feature will be very limited, considering that typical scenario. 
[bookmark: _Toc159255482]One typical FR2 scenario is using carrier aggregation with FR1 as PCell for coverage and FR2 as SCell for throughput capacity. 
The multi Rx requirements that we have defined for multi Rx basically consists of:
· Reduced measurement delay for L1-RSRP, Link recovery procedures
· Enhancements on scheduling restrictions for L1 procedures/requirements
· Enhancements on measurement restrictions for L1 procedures/requirements
· TCI switching requirements
In our view, whether the FR2 is being used as PCell or SCell has no influence on the requirements that we are specifying for Multi-Rx in Rel 18. Therefore, it is very restrictive to maintain the limitation that multi-Rx is only used on the PCell. 
[bookmark: _Toc159255483]Carrier aggregation and dual connectivity have no impact on the use of Multi Rx for reduced beam sweeping scaling factor. 
[bookmark: _Toc159255484]Carrier aggregation and dual connectivity have no impact on the use of Multi Rx for improved scheduling/measurement restrictions. 
[bookmark: _Toc159255485]Carrier aggregation and dual connectivity have no impact on dual TCI state switching requirements. 
[bookmark: _Toc159255486]RAN4 to define that MultiRx Rel 18 requirements are applicable to PCell, PSCell, and SCell. 

[bookmark: _Toc116995848]Conclusion
The following observations and proposals were made in this contribution:  
Proposal 1: UE requirements and behaviour (single-Rx v.s. multi-Rx) to be dependent on network configuration (single TCI, dual TCI etc.) not UE indication of single panel preference.
Observation 1: 38.300 states that UAI purpose is for the UE to indicate preference and it is up to the gNB the decision to accommodate the request.
Observation 2: The gNB can configure the UE to operate in single Rx for data reception using the TCI switching framework.
Proposal 2: No need to capture in RAN4 RRM requirements whether Multi Rx is activated in TCI switching requirements.
Observation 3: The existing RAN2 signalling doesn’t provide support for the network to disable faster beam sweeping.
Proposal 3: RAN4 to consider that faster beam sweeping due to multi Rx is always activated.
Observation 4: The gNB can disable measurement restrictions enhanced operation with Multi Rx through configuration of CSI-RS resources that do not overlap in time.
Proposal 4: No need to capture in RAN4 RRM requirements whether Multi Rx is activated for measurement restrictions.
Observation 5: The gNB can disable scheduling restrictions enhanced operation with Multi Rx by not configuring GBBR-R17.
Proposal 5: No need to capture in RAN4 RRM requirements whether Multi Rx is activated for scheduling restrictions.
Observation 6: One typical FR2 scenario is using carrier aggregation with FR1 as PCell for coverage and FR2 as SCell for throughput capacity.
Observation 7: Carrier aggregation and dual connectivity have no impact on the use of Multi Rx for reduced beam sweeping scaling factor.
Observation 8: Carrier aggregation and dual connectivity have no impact on the use of Multi Rx for improved scheduling/measurement restrictions.
Observation 9: Carrier aggregation and dual connectivity have no impact on dual TCI state switching requirements.
Proposal 6: RAN4 to define that MultiRx Rel 18 requirements are applicable to PCell, PSCell, and SCell.
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