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[bookmark: _Toc116995841]Introduction
In this paper we present Nokia’s views on remaining aspects of RRM requirements for multi Rx operation in FR2. These compose 2 remaining issues regarding multi Rx activation of fast beam sweeping, conditions for measurement restriction enhancements, and final details for multi Rx TCI state switching. 
Faster beam sweeping
Agreements from RAN4 #110bis:
	1 Agreements for core maintenance
· For fast beam sweeping, the UE is in multi-Rx operation if following condition is met:
· UE is configured with group-based beam reporting (GBBR) report.

· For scheduling restriction, remove “UE is multi-Rx operation” from the spec.

· For measurement restriction: 
· Way forward: Companies may bring further analysis, on whether to remove or not the following condition of measurement restriction relaxation for CSI-RS based L1 measurements
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].





In the last RAN4 meeting, we have reached an agreement regarding activation of fast beam sweeping. As part of this agreement it was concluded that fast beam sweeping is required to be enabled when the UE is configured with group based beam reporting. However, some companies showed concerns regarding that agreement, since GBBR might be configured as semi-persistent or aperiodic reporting and hence, the reporting may always not be active. 
In our view, the network can always send new RRC configuration enabling/disabling GBBR according to the UE preference indicated in the UAI. The diagram of Figure 1 shows the expected behavior considering that agreement. Considering that diagram, the network should be able to react to UAI multi-Rx preference indication and change CSI reporting configuration accordingly. 
One challenge that some companies mentioned during RAN4#110bis is that the network could configure CSI with GBBR-r17 as aperiodic or semi-persistent once, and not want to change the CSI configuration so often. In that situation, if this is identified that this is really a problem, RAN4 could revise the agreement, and state that fast beam sweeping is enabled 
· whenever GBBR is configured as periodic, 
· when GBBR-r17 is semi-persistent and the network has sent either the MAC CE activating the GBBR-r17 report or a DCI triggering the GBBR-r17 report
· when GBBR-r17 is aperiodic and the network has sent a DCI triggering the GBBR-r17 report.

[bookmark: _Toc166516125]For fast beam sweeping, the UE is in multi-Rx operation if following condition is met:
a. [bookmark: _Toc166516126]Rel-17 group-based beam reporting (GBBR) is activated/triggered by the network.



[bookmark: _Ref165457029]Figure 1 Fast beam sweeping activation/deactivation based on the agreement of RAN4#110bis. 
Measurement restrictions
Regarding measurement restriction, we try to analyse the reasons why some companies would like to keep the following condition:
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
The current text for L1-RSRP measurement restriction contains the following conditions:
	For FR2-1, when the CSI-RS for L1-RSRP measurement on the one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC, UE supporting [multi-Rx capability] according to the conditions described in clause 3.6.y 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.




In this text we will refer to those conditions as 
· Condition 1: The two CSI-RSs and both PDSCHs are overlapped on the same OFDM symbol,
· Condition 2: 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],
In our view Condition 1 and Condition 2 have similar impact on the concerns that were presented over the last few meetings. 
One argument in favor of Condition 1 is that the UE might be using a different beam for monitoring CSI-RS than the beam indicated for simultaneous reception if there is no PDSCH overlapping with CSI-RS. That is true if we ignore the agreed scheduling restrictions conditions. When both Conditions 1 and Condition 2 are met, there are no scheduling restrictions, and when that happens the UE is assumed to adopt N=1, otherwise the UE cannot be scheduled on those symbols. 
[bookmark: _Toc166516127]When scheduling restrictions don’t apply, the expected beam sweeping factor is N=1 for L1 FR2 measurements. 
If Condition 2 is met, the UE will have to be prepared to receive data on the symbols overlapping with the CSI-RS. In this situation, the TCI states for PDSCH are activated, and the UE has to be prepared to receive data within timedurationForQCL, so there is no chance of doing beam sweeping in that situation. Therefore, when Condition 2 is met, the UE should be using the beam pair that was identified for simultaneous reception through GBBR-r17. 
[bookmark: _Toc166516128]When 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, the UE is expected to use Rx beam pair optimized through GBBR-r17 for simultaneous reception without further beam sweeping.
One drawback of Condition 1 is that it forces the network to always schedule the UE on top of CSI-RS to avoid the measurement restrictions. When measurement restrictions apply, if the network configures overlapping RSs the RAN4 requirements state that longer delay is expected, and no requirements are defined. For this reason, the network should always avoid meeting the measurement restriction conditions that will imply in no requirements, otherwise the UE behavior is unexpected. This is a very negative condition from the network perspective, scheduling of PDSCH is very dynamic, and it is not desirable that measurement restriction conditions are changing frequently. 
[bookmark: _Toc166516129]When measurement restrictions apply, RAN4 requirements state that longer delay is expected and no requirements apply. 
Figure 2 shows the interpretation of Condition 1. In that situation the UE reports GBBR with one pair (CSI-RS#0+CSI-RS#1). The network then activates that TCI pair and indicates it. In this figure 2 measurement cycles with 3 samples are shown. In the first measurement cycle the UE collects 3 samples of CSI-RS#0+CSI-RS#1 with PDSCH scheduled on top of it. This case follows exactly Condition 1, and we would have the respective requirements. In the measurement cycle 2, the network doesn’t schedule the UE in the second occasion where CSI-RS#0+CSI-RS#1 are transmitted simultaneously. In that case, there are measurement restrictions for 1 out of 3 CSI-RS transmissions, and the measurement requirements do not apply. 
Figure 3 shows the same analysis for Condition 2. In that situation there is no problem if few measurements occasions are not overlapping with PDSCH, as long as CSI-RS#0+CSI-RS#1 is co-located with the activated TCI states used for simultaneous reception. 
[bookmark: _Toc166516130]A condition of PDSCH scheduling for measurement restrictions would imply that requirements change for each measurement occasion depending on the scheduling. 
Additionally, for Condition 2, we should remove the square brackets around PDSCH. Form the Rel-16 TCI framework, only PDSCH is received simultaneously, so we need dual PDSCH TCI in order for the Condition 2 to make sense. 
[bookmark: _Toc166516131]Measurement restrictions due to multi Rx operation are enhanced when the following condition is met: 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. 


[bookmark: _Ref165467715]Figure 2 Interpretation of Condition 1



[bookmark: _Ref165468167]Figure 3 Interpretation of Condition 2

DCI based dual TCI state switch delay for mDCI
[bookmark: _Toc116995848]In the last meeting, the following issue about how to handle the intermediate state of the case when DCI-based TCI state in m-DCI happens for one TRP after the other was left FFS: 
  Issue 2-1-1: DCI based dual TCI state switch delay for mDCI:

[image: A close-up of a diagram  Description automatically generated]

Companies may bring further analysis, for the above issue

 
 
In our view, if TC1 and TCI2 in the above figure are a beam pair then the UE can receive TCI 1 and TCI 2 simultaneously between points C and D. 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: _Toc166516132]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: _Toc166516133]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. 
Conclusion
The following Observations and Proposals were made:
Proposal 1: For fast beam sweeping, the UE is in multi-Rx operation if following condition is met:
a.	Rel-17 group-based beam reporting (GBBR) is activated/triggered by the network.
Observation 1: When scheduling restrictions don’t apply, the expected beam sweeping factor is N=1 for L1 FR2 measurements.
Observation 2: When 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, the UE is expected to use Rx beam pair optimized through GBBR-r17 for simultaneous reception without further beam sweeping.
Observation 3: When measurement restrictions apply, RAN4 requirements state that longer delay is expected and no requirements apply.
Observation 4: A condition of PDSCH scheduling for measurement restrictions would imply that requirements change for each measurement occasion depending on the scheduling.
Proposal 2: Measurement restrictions due to multi Rx operation are enhanced when the following condition is met: 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.
Proposal 3: 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 4: 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 r not.
[bookmark: _Toc116995849]
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