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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. This paper focuses on the issues that are still open after the RAN4#110 meeting in WF [1].
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. 
The agreed and endorsed RAN2 CRs related to the UAI are [3][4][5] and [6]. Furthermore, RAN2 agreed some updates in the signalling in the last RAN2 meeting in [7], and the signalling now enables the UE to indicate either single or multi panel preference, multi panel being the default.
Open RAN4 issues from the last meeting can be found below: 
	
Issue 1-6: Indication of multi-Rx operation preference
· FFS following options
· Option 1: 
· In the follow-up LS to RAN2, RAN4 can share RAN4-specified UE capabilities with RAN2, while asking RAN1 to share RAN1-specified UE capabilities that depend on multi-RX operation at UE side.
· Option 2:
· 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.

Issue 1-7: UE behaviour after UAI reporting to NW
· FFS following options
· Option 1: 
· 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.
· Option 2: 
· Need to define the UE behavior when a condition becomes violated. After the UAI of multiRx-PreferenceFR2 reporting to NW, two alternatives for UE behavior if no single mode scheduling/RRC reconfiguration indicated to UE:
· Alternative 1: Continue the on-going PDCCH/PDSCH/RS receiving, if necessary, simultaneous reception still can be performed
· Alternative 2: Apply some rule to determine single reception between the overlapping PDCCH/PDSCH/RS receiving

Issue 1-9: Whether and how to capture multi-Rx operation is activated
· FFS following options
· Option 1:
· No need to capture in RAN4 RRM requirements whether Multi Rx is activated.
· Option 2:
· The UE is activated with multi-Rx operation when the following conditions are met: 
· The simultaneousReceptionDiffTypeD-r16 is configured as ‘supported’ if separate PDSCHs are transmitted from different TRPs, or
· UE is requested by gNB to report its preference for multi-Rx operation in FR2 via RRC signalling and the multiRx-PreferenceFR2 is NOT included in the UEAssistanceInformation, and 
· The CSI-RS/SSB resources are partially or fully overlapped with the PDSCH or other CSI-RS/SSB resources in time domain for simultaneous reception, and 
· The TCI states for CSI-RS/SSB resources or PDSCH reception are configured with different QCL Type-D. 
· The requirements that UE is activated with multi-Rx operation can be captured in Clause 3.6 in TS 38.133 as applicability requirements for multi-Rx requirements.
· Option 3: 
· A UE is in multi-RX operation or activated with multi-RX operation if the following conditions are met:
· The UE reports it support capabilities 16-2c(simultaneousReceptionDiffTypeD-r16) and 23-5-1 (mTRP-GroupBasedL1-RSRP-r17), and
· UE has most recently indicated to the network its preference of multi-RX operation while in RRC_CONNECTED mode, or
· UE has not indicated it prefers single-RX operation while in RRC_CONNECTED mode.
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[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 multiRx-PreferenceFR2=multi, it indicates that the UE would like to operate in multi Rx mode. 
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 stop applying, 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. Furthermore, regarding the impact of this signaling, the specification 38.300 includes the following sentence in clause 7.9 where UAI is defined:
· "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: _Toc163500411]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. 
Therefore, we propose:
[bookmark: _Toc163500412]UE requirements and behaviour (single-Rx v.s. multi-Rx) to be dependent on network configuration.
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: _Toc163500413]The gNB can configure the UE to operate in single Rx for data reception using the TCI switching framework. 
[bookmark: _Toc163500414]No need to capture in RAN4 RRM requirements whether Multi Rx is activated in TCI switching requirements. 
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. Additionally, the multi Rx enhancements for measurement restrictions only apply for RSs which have been reported using GBBR-r17. Therefore, the network can disable measurement restrictions by not configuring GBBR-r17. 
[bookmark: _Toc163500415]The gNB can disable measurement restrictions enhanced operation with Multi Rx through configuration of CSI-RS resources that do not overlap in time. 
[bookmark: _Toc163500416]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 restriction enhancements 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: _Toc163220984][bookmark: _Toc163221049][bookmark: _Toc163221071][bookmark: _Toc163220987][bookmark: _Toc163221052][bookmark: _Toc163221074][bookmark: _Toc163500417]The gNB can disable scheduling restrictions enhanced operation with Multi Rx by not configuring GBBR-R17. 
[bookmark: _Toc163500418]No need to capture in RAN4 RRM requirements whether Multi Rx is activated for scheduling restrictions.
	Issue 1-1: Conditions for fast beam sweeping
· FFS following options
· Option 1: 
· Fast beam sweeping is activated only when the UE is in multi-RX operation.
· Option 2: 
· Fast beam sweeping due to multi-Rx is always activated.
· Option 3:
· The following two conditions are needed when applying faster beam sweeping:
· UE supports the multi-Rx capability
· UE does not report the preference indication on one panel via UAI




The only exception is faster beam sweeping, for which 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. If this option is not feasible, then faster beam sweeping can be associated with dual TCI state operation.
[bookmark: _Toc163500419]The existing RAN2 signalling doesn’t provide support for the network to disable faster beam sweeping.
[bookmark: _Toc163220991][bookmark: _Toc163221056][bookmark: _Toc163221078][bookmark: _Toc163500420] RAN4 to discuss the following options regarding fast beam sweeping applicability:
a. [bookmark: _Toc163500421]Option 1: Fast beam sweeping due to multi-Rx is always activated if UE supports the capability.
b. [bookmark: _Toc163500422]Option 2: The network configures faster/normal beam sweeping operation in response to the UE preference indication (send LS to RAN2)
c. [bookmark: _Toc163500423]Option 3: Faster beam sweeping is enabled when dual TCI states are activated. 

Scheduling and measurement restrictions
Scheduling restrictions
Scheduling restrictions have been captured for example for L1-RSRP measurement requirements in section 9.5.6 as [3]:
	-	For FR2-1 and the case where UE supporting [multi-rx capability] is configured to receive two PDSCH transmission occasions from two different QCL sources on PCell, there are no scheduling restrictions for the PDSCHs due to L1-RSRP measurement performed based on the CSI-RS, when following conditions are met:
-	The CSI-RS configured for L1-RSRP is not in a CSI-RS resource set with repetition ON, and
-	The CSI-RS configured for L1-RSRP has same QCL source as the active TCI state of one of PDSCHs and has different QCL-TypeD from the other PDSCH, and
-	The CSI-RS configured for L1-RSRP and both PDSCHs are on the same OFDM symbol(s), and
-	Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
Editor’s Note 1: FFS the CSI-RS and only one of the PDSCHs with different QCLed typeD are on the same OFDM symbol(s)
Editor’s Note 2: FFS how to capture UE is activated with multi-Rx operation.




In the last meeting the following was agreed, but the CRs were postponed:
	Issue 1-13: Overlapping condition for scheduling restriction
Agreement: Agree the following and no further discussion on other proposals. 
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s), or the CSI-RS and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
· Further check for mDCI case.




Considering the condition “UE is activated with multi-Rx operation” that is in brackets in scheduling and measurement restriction conditions, as we proposed earlier in this paper, we do not think this condition is needed.
Based on this view and the last meeting’s agreement, we propose the following conditions to be captured for scheduling restrictions:
[bookmark: _Toc163500424][bookmark: _Hlk148047181]There are no scheduling restrictions for a multi-Rx capable UE under the following conditions:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The CSI-RS has same QCL source as the active TCI state of one of the PDSCHs and has different QCL-TypeD from the other PDSCH.
· The CSI-RS and both of the PDSCHs, or the CSI-RS and one of the PDSCHs with different QCL typeD when partially overlapping PDSCHs are scheduled, are on the same OFDM symbol(s).
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
Measurement restrictions
Measurement restrictions were captured for example for L1-RSRP measurement requirements in section 9.5.5 as [3]:
	For FR2-1, when the CSI-RS for L1-RSRP measurement on PCell is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on PCell, UE supporting [multi-Rx capability] shall be able to measure the CSI-RS for L1-RSRP measurement without restriction when the following conditions are met:
-	Both the CSI-RS for L1-RSRP and the other CSI-RS are not in any CSI-RS resource set configured with repetition ON, and
-	Resources of the active TCI states for two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report, and
-	[The two CSI-RSs and both PDSCHs are overlapped on the same OFDM symbol, and]
-	The CSI-RS for L1-RSRP has same QCL source as the active TCI state of one [PDSCH], and the other CSI-RS has same QCL source as the active TCI state of the other [PDSCH], and
Editor’s note 1: FFS the condition CSI-RS(s) and PDSCH(s) are overlapped on the same OFDM symbol(s).
Editor’s note 2: FFS how to capture UE is activated with multi-Rx operation.




[bookmark: _Toc159255939]In our view, the only factor influencing measurement restrictions is regarding whether CSI-RS from both TRPs can be received simultaneously, and there is no need to restrict to when PDSCH is transmitted in the same symbol. We do not think the condition where CSI-RS has to be QCLed to the same beam as PDSCH is needed. We understand that this condition is necessary for scheduling restrictions, but for measurements, it is just important that the CSI-RS to be measured have been reported as a resource pair in group-based report. Hence, we think Multi Rx enhancements for L1 measurement restrictions should not depend on PDSCH overlapping with CSI-RS resources. 
Similar to scheduling restrictions, we do not see that the condition for “UE is activated with multi-Rx operation” is needed.
Hence, we propose the following conditions for measurement restrictions:
[bookmark: _Toc163500425]There are no measurement restrictions for a multi-Rx capable UE under the following conditions:
· Both the CSI-RS for L1-RSRP and the other CSI-RS are not in any CSI-RS resource set configured with repetition ON, and
· The two CSI-RSs are overlapped on the same OFDM symbol, and
· The two CSI-RS have been reported as a resource group in Rel-17 group-based RSRP report.
PTRP = 1 conditions
The currently agreed conditions are:
	For FR2-1, for PCell, for UE supporting [TBD - multi-rx capability], the value of PTRP in table 8.18.3.2-2 is defined as 1, when:
-	CSI-RS resources in the two sets  and   are not overlapped, or
-	CSI-RS resources in the two sets  and   are overlapped and the following conditions are met:
[bookmark: _Hlk146698315]-	Both CSI-RSs are not in any CSI-RS resource set with repetition ON
-	The two CSI-RS resources in the two sets  and   for beam failure detection [and both PDSCH] are overlapped on the same OFDM symbol.
-	[The CSI-RS in set  has same QCL source as the active TCI state of one PDSCH, and the CSI-RS in set  has same QCL source as the active TCI state of the other PDSCH]
-	Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
-	[FFS how to capture UE is activated with multi-Rx operation]
-	else, the value of PTRP is 2.



For PTRP factor reduction, we think similar approach can be used as for measurement restrictions. 
[bookmark: _Toc158991609][bookmark: _Toc163500426]Ptrp=1 under the following conditions:
-	Both CSI-RSs are not in any CSI-RS resource set with repetition ON
-	The two CSI-RS resources in the two sets  and   for beam failure detection are overlapped on the same OFDM symbol.
-	The two CSI-RS have been reported as a resource group in Rel-17 group-based RSRP report.

Dual TCI state switching
DCI-based dual TCI state switch delay for m-DCI
The following was agreed in RAN4 for DCI based dual TCI state switch delay for m-DCI
	For mDCI, if the dual target TCI states are known, when a UE is configured with the higher layer parameter tci-PresentInDCI from two TRPs which is set as 'enabled' for the DCIs scheduling two PDSCHs at slot n1 and n2 respectively, UE shall be able to receive PDSCHs with target TCI states of the serving cell on which TCI state switch occurs at the first slot that is after slot n1 + timeDurationForQCL and slot n2 + timeDurationForQCL respectively, where, timeDurationForQCL is the time required by the UE to perform PDCCH reception and apply spatial QCL information received in DCI for PDSCHs processing as described in TS 38.214 [26], the value of timeDurationForQCL is defined in TS 38.331 [2]. UE shall be able to receive PDSCHs with target TCI states after slot max(n1, n2) + timeDurationForQCL. 








The requirements indicate that the UE shall receive PDSCH with target TCI states after slot max(n1, n2) + timeDurationForQCL. The requirement in the existing text is confusing, as it simultaneously says that UE shall receive each TCI state after the corresponding delay, but also that the UE is required to receive both TCI states only after max(n1, n2) + timeDurationForQCL. Furthermore, the text does not mention anything about when the UE is expected to start receiving the TCI states simultaneously.  Hence, to avoid any ambiguity in the requirements specifications, we propose that last line of this text be modified as proposed:
UE shall be able to receive PDSCHs with target TCI states simultaneously after slot max(n1, n2) + timeDurationForQCL. 
[bookmark: _Toc162951703][bookmark: _Toc163500427]Update the DCI based dual TCI state switch for m-DCI with “UE shall be able to receive PDSCHs with target TCI states simultaneously after slot max(n1, n2) + timeDurationForQCL”.

Furthermore, in the last meeting’s way forward [1], the following issue was left FFS:
	Issue 2-1-1: DCI based dual TCI state switch delay for mDCI:
 [image: A diagram of a computer program
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· Companies may bring further analysis on following
· If TCI 1 and TCI 2 are a beam pair.
· UE to receive on TCI 1 and TCI 2 between C and D. After D, to receive on TCI 2 and TCI 4
· If TCI 1 and TCI 2 are not a beam pair.
· No requirements till point D. i.e., UE is not expected to receive on TCI 2 till point D.




In our view the first option where UE can receive TCI 1 and TCI 2 simultaneously between points C and D if they are a beam pair is acceptable. 
During a DCI based dual TCI state switch in m-DCI, a UE which is initially receiving on two TCI states i.e. TCI 0 and TCI 1, switches from TCI 0  to TCI 2 and is in the process of switching from TCI 1 to TCI 4, can in the interim, receive TCI 1 and TCI2 simultaneously if they form a beam pair, i.e. the RS for TCI 1 and TCI 2 have been reported as a beam pair using GBBR-r17.  
[bookmark: _Toc163500428]For Issue 2-1-1, the UE can receive simultaneously TCI 1 and TCI 2 between points C and D if they have been reported as a beam pair using GBBR-17. 
DCI-based dual TCI state switch delay for s-DCI
In RAN4#108bis meeting the following was agreed about s-DCI requirements
	Issue 2-2-2: For sDCI, for dual TCI to single TCI state switch, when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]),
· Agreement:
· There is no TCI switching delay when UE is configured with GBBR and is NOT configured with non-GBBR 




In s-DCI when the UE has to switch from a dual TCI state to a single TCI state, in case the target TCI state is also on the TCI state currently in use (source TCI), the UE doesn’t need a switching delay. We see no reason why this scenario will be different in case a UE is configured with GBBR and non-GBBR, or only GBBR.
[bookmark: _Toc162951705][bookmark: _Toc163500429]There is no TCI switching delay for a dual to single TCI state switch in s-DCI when the target TCI state is one of the source TCI states. This requirement will be same for a UE independent of whether the UE is configured with non-GBBR together with GBBR or not.


[bookmark: _Toc116995848]Conclusion
The following observations and proposals were made in this contribution:  
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.
Proposal 1: UE requirements and behaviour (single-Rx v.s. multi-Rx) to be dependent on network configuration.
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 gNB can disable measurement restrictions enhanced operation with Multi Rx through configuration of CSI-RS resources that do not overlap in time.
Proposal 3: No need to capture in RAN4 RRM requirements whether Multi Rx is activated for measurement restrictions.
Observation 4: The gNB can disable scheduling restrictions enhanced operation with Multi Rx by not configuring GBBR-R17.
Proposal 4: No need to capture in RAN4 RRM requirements whether Multi Rx is activated for scheduling restrictions.
Observation 5: The existing RAN2 signalling doesn’t provide support for the network to disable faster beam sweeping.
Proposal 5: RAN4 to discuss the following options regarding fast beam sweeping applicability:
a.	Option 1: Fast beam sweeping due to multi-Rx is always activated if UE supports the capability.
b.	Option 2: The network configures faster/normal beam sweeping operation in response to the UE preference indication (send LS to RAN2)
c.	Option 3: Faster beam sweeping is enabled when dual TCI states are activated.
Proposal 6: There are no scheduling restrictions for a multi-Rx capable UE under the following conditions:
Proposal 7: There are no measurement restrictions for a multi-Rx capable UE under the following conditions:
Proposal 8: Ptrp=1 under the following conditions:
Proposal 9: Update the DCI based dual TCI state switch for m-DCI with “UE shall be able to receive PDSCHs with target TCI states simultaneously after slot max(n1, n2) + timeDurationForQCL”.
Proposal 10: For Issue 2-1-1, the UE can receive simultaneously TCI 1 and TCI 2 between points C and D if they have been reported as a beam pair using GBBR-17.
Proposal 11: There is no TCI switching delay for a dual to single TCI state switch in s-DCI when the target TCI state is one of the source TCI states. This requirement will be same for a UE independent of whether the UE is configured with non-GBBR together with GBBR or not.
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