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[bookmark: _Toc116995841]Introduction
This paper discusses our view on the RRM aspects related to the multi-RX chain reception in FR2 for Rel-18, in particular those concerning L3 measurements. This paper presents an overview on the objectives of the work item and based on those, observations and proposals are derived concerning expected architecture and how it can lead to enhancements for RRM measurements. 
Discussion
During the last RAN4 meeting, very diverse views were shown regarding L3 measurement enhancements with multi Rx UEs. As part of the L3 related open points discussed during the last RAN4 meeting, the following WF was left open [2]
	1 [bookmark: _Toc116995848]Topic #2: L3 measurement related
<Way forward >: 
Issue 2-1-1: Feasibility/necessity of enhancing requirements for L3 measurements
· Proposals
· Option 1 (MTK, Intel, Huawei, Qualcomm, OPPO, Ericsson, Samsung, NTT DOCOMO): No L3 measurement requirements enhancement in R18 multi-Rx chain WI.
· Option 1a (MTK, Intel): Not to enhance L3 measurement requirement in R18 multi-Rx chain WI.
· Option 1b (Huawei): For R18 multi-Rx DL reception, it is suggested not to enhance L3 measurement requirements.
· For R18 multi-Rx DL reception, UE is not assumed to support simultaneous L3 measurements with two different beam directions.
· In R18, it is suggested not to enhance the beam sweeping factor for L3 measurement requirements due to searcher limitation.
· For R18 multi-Rx DL reception, UE is not assumed to support simultaneous L1 measurements and L3 measurements and the sharing factor between L1 and L3 needs to be kept in L3 measurement requirements.
· For R18 multi-Rx DL reception, the enhancement on scheduling restrictions due to L3 measurements is not considered.
· Option 1c (Qualcomm): RAN4 to not discuss the following items for RRM requirement enhancements under the work item of FR2 multi-Rx chain DL reception:
· RRM requirement enhancements that require 
· more than two cell searchers for cell and SSB detection and SSB measurements
· L3 measurements by using concurrently activated multiple Rx panels, e.g. FR2 SCell activation delay reduction
· Idle mode measurements
· Option 1d (OPPO): Except L3 measurement delay reduction, other impacts on L3 measurements can be studied based on the enhancements on L1 measurements.
· Option 1e (Ericsson) 1: Deprioritize L3 measurements in the current WI.
· Cell detection and L3 measurement period, SSB-based:
· No simultaneous reception for SSB-only based measurements and procedures are assumed.
· Option 2 (CMCC, LGE, Xiaomi, vivo, ZTE, Nokia): L3 measurement requirements are enhanced in R18 multi-Rx chain WI.
· Option 2a (CMCC): For L3 measurement in connected mode, all the existing scenarios (intra-frequency measurements without MG, intra-frequency measurements with MG, inter-frequency measurement with MG, inter-frequency measurement without MG) need to be considered for the delay improvement with multi-beam simultaneous reception.
· Option 2b (LGE): 
· L3 measurement enhancements should be considered since L3 measurement through multi-antenna panels is a natural UE behaviour when multi-antenna panels are activated.
· Introduce the following case for L3 measurement enhancement first
· For L3 measurement in connected mode, including all the existing scenarios (intra-frequency measurements without MG, intra-frequency measurements with MG, inter-frequency measurement with MG, inter-frequency measurement without MG).
· Option 2c (Xiaomi): To agree on the following L3 measurement requirement enhancement:
· Handover to FR2-1 unknown cell
· FR2-1 unknown Scell activation
· L3 measurement in connected mode, including intra-frequency measurement with and without MG.
· Option 2d (vivo): 
· FR2 SCell activation delay for unknown SCell can be enhanced by reducing L1-RSRP measurement time and/or cell search time for multi-Rx chain UE.
· Handover delay, PSCell addition/change delay and SCG activation delay for FR2 unknown target cell/PSCell can be enhanced by reducing cell search time for multi-Rx chain UE.
· FFS if enhancement of L3 measurements in connected mode for multi-Rx chain simultaneous DL reception is feasible.
· A new capability, which is different from simultaneousReceptionDiffTypeD-r16 or other L1 measurement related UE capability, should be introduced for L3 procedure/measurement delay reduction for UE supporting multi-Rx chain simultaneous reception, if L3 measurement enhancement is agreed to be specified.
· Option 2e (ZTE): Referring to whether L3 measurement can be enhanced by multi-panel reception, we believe same logic as the enhancement for L1 measurement can be referenced and would not lead to much additional workload.
· Option 2f (Nokia): 
· RAN4 to consider the following requirements for multi Rx enhancements in RRC connected mode
· a.	L3 measurement in connected mode 
· b.	Handover to FR2-1 
· c.	RRC re-establishment
· d.	Intra-frequencey measurements
· e.	Inter-frequency measurements
· RAN4 to focus on L3 enhancements for requirements in RRC connected. 
· RAN4 to discuss the need of L3 enhancements for requirements in RRC idle and inactive in a later phase of the work item.




We understand that there are important benefits in developing L3 enhancements for multi Rx UEs in FR2. In higher frequency bands (FR2) the necessity of Rx beam sweeping causes large delays on RRM measurements and delays in general which increases the time when the UE cannot be assumed available for scheduling. For example, one scenario is when UE is performing L3 measurements including sweeping assumptions and another similar scenario is RRM procedure delays which also include interruption time. 
These delays and their possible negative impacts is also recognized in 3GPP as 3GPP has agreed at least one other WI addressing FR2 latency reductions. Hence, our view is that RAN4 should look at how to optimize overall system performance for multi-Rx chain UEs. 
From the last WF some of available options were including requirements for both RRC connected and RRC idle/inactive requirements. We understand that there are benefits from improvements for RRC idle/inactive performance in some scenarios (discussed in Mob_enh2 WI), but for this WI we see the ones related to RRC connected more in scope. Therefore, we propose focusing on defining requirements for RRC connected in this WI, at least for a few meetings. Once we have progressed on how to improve RRC connected requirements we can discuss how to develop the requirements for RRC idle/innactive. 
[bookmark: _Toc118746068]RAN4 to focus on L3 enhancements for requirements in RRC connected. 
[bookmark: _Toc118746069]RAN4 to discuss the need of L3 enhancements for requirements in RRC idle and inactive in a later phase of the work item. 
[bookmark: _Toc118746070]RAN4 to consider the following requirements for multi Rx enhancements in RRC connected mode
a. [bookmark: _Toc118746071]L3 measurement in connected mode 
b. [bookmark: _Toc118746072]Handover to FR2-1 
c. [bookmark: _Toc118746073]RRC re-establishment
d. [bookmark: _Toc118746074]Intra-frequencey measurements
e. [bookmark: _Toc118746075]Inter-frequency measurements
As part of the agreements reached during RAN4#104, we can highlight the following agreement on the number of searchers [2]: 
	Issue 1-1-1-2: Number of searchers for cell detection and measurements
· 2 searchers are assumed.
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[bookmark: _Ref115095045]Figure 1 Possible scenarios for use of multi Rx in DL where (a) is the current Rel 15-17 scenario, (b) measurements can be performed in multiple beams simultaneously; and (c) measurements and SSB monitoring can be performed on different beams
When considering this agreement and considering the multiple Rx chains capability discussed in this work item, we understand that it must be possible to consider to how L3 measurements may be enhanced accounting the multiple Rx chains available at the UE. Such assumption is significantly different than Rel-15 baseline assumption used when developing the Rel-15 basic UE RRM requirements for FR2 where only 1 active Rx chain was assumed. 
During last meeting we had an agreement that 2 searchers can be assumed for cell detection and measurements. Given this agreement, we understand that a multi Rx capable UE is able to perform simultaneous RRM measurements using 2 Rx chains as shown in Figure 1 (b). This could imply reduced beam sweeping scaling factor when compared to the Rel 15 to 16 single Rx assumption shown in Figure 1 (a). 
[bookmark: _Toc118746076]Multi Rx UEs, assumed to have 2 searchers, can be assumed being able to use both searchers simultaneously for cell detection and measurements. 
[bookmark: _Toc118746077]RAN4 to discuss updated Rx beam sweeping scaling factor for multi Rx UEs. 
[bookmark: _Toc118746078]RAN4 to discuss RRM requirements with Rx beam sweeping scaling factor equal to N=4. 
Additionally, as part of the discussion it has been raised that multi Rx UEs could be capable of performing RRM measurements on one chain, while performing demodulation tasks in another chain. This is shown in an architecture view in Figure 2, which could influence simultaneous RRM measurements and demodulation of data signals as shown in Figure 1 (a). 
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[bookmark: _Ref115095231]Figure 2 UE architecture with multiple Rx chains
As part of the Rel-15 to Rel-17 RRM requirements scheduling restrictions apply when the UE is performing RRM measurements. Figure 3 shows on example of such restrictions when considering pure 120 kHz SCS numerology, i.e. SSB and PDSCH using 120 kHz SCS, according to clause 9.2.5.3.3 of TS 38.133. As described in this clause, one symbol before and after the SSB symbols are not available for the UE to be scheduled, since with one Rx the UE might be changing the spatial filter parameters while doing RRM measurements in other directions. From that only 4 out of 14 symbols are still available for scheduling. If we consider that the SMTC window may be at most 5 ms, that means that if all SSB positions are used inside the SMTC window only 28% of the resources – in time - are available during that window. Additionally, since the SMTC is the same for several UEs in the network, most of the UEs will be restricted to the same symbols and that leaves very small room for the network to schedule UEs. As a result, this restriction can generate quite large network impact when considering a busy network. 
[image: ]
Figure 3 Scheduling restrictions example for a slot with 120 kHz SCS SSB pattern considering 120 kHz SCS for PDSCH.
[bookmark: _Hlk115446475][bookmark: _Toc118746079]Scheduling restrictions in FR2 can impact most of the OFDM symbols inside a SMTC window for measurements without gaps.
[bookmark: _Toc118746080]Scheduling restrictions in FR2 can apply to 10 out of the 14 OFDM symbols of a slot with 2 SSB occasions configured. 
[bookmark: _Toc118746081]Most UEs in a network would have the same SMTC configuration, resulting in inefficient use of resources with scheduling restrictions. 
Furthermore, one open issue relating simultaneous reception of RS and data is open from the last meeting, which is shown below [2]:
	Issue 1-1-6-1: UE capability of simultaneous reception of measured RS and data
· Proposals
· Option 1: Consider simultaneous reception of L1/L3 measured RS and data if UE supports simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· Option 2: Consider simultaneous reception of L1 measured RS and data if UE supports simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· Option 3: For scenario 2 (two RX beams used for different cells) with multi-RX chain capability, UE can receive PDCCH/PDSCH/TRS/CSI-RS for CQI (one beam) and on SSB symbols (another beam) to be measured
· Option 4: RAN4 to discuss if additional UE capability for indicating supporting of simultaneous reception with different QCL type D RS and PDSCH/PDCCH is needed.




Considering the open issue above, we understand that simultaneous reception of L3 and RS on a single component carrier can be assumed. Therefore we propose the following: 
[bookmark: _Hlk115446489][bookmark: _Toc118746082]RAN4 to define requirements considering that a multi Rx UE can receive PDCCH/PDSCH/TRS/CSI-RS for CQI and SSB symbols simultaneously from beams with different QCL type D.
However, we do not see this necessarily limited to another cell but could also be from same cell.
[bookmark: _Toc118746083]RAN4 to discuss how to reduce scheduling restrictions for multi Rx chain UEs. 
Another aspect regarding scheduling restrictions is how they can be implemented when the UE has two indicated TCI states used for 4-layer MIMO. In Figure 4 (a) the UE has 2 beams dedicated for data reception. That could be possible by configuring 2 active TCI states, which could be connecting the UE to different non-collocated TRPs. In Figure 4  (b) the UE is able to maintain one of its Rx chains in DL demodulation (data Rx) mode, such that the data from one TRP e.g., the primary serving TRP, can be received while performing measurement using 2nd receiver. Hence, the UE perform measurements (including sweeping) using the second Rx chain using the panels A2, A3, and A4. In case the UE needs to perform measurements on the direction covered by the panel A1, the UE will need to switch to the spatial Rx configuration on panel A1 as shown in Figure 4 (c). From Figure 4  it is possible to notice that simultaneous data and measurement reception is possible in a multi Rx architecture, and the implication of such enhancement is that only one of the Rx chain can be used for data instead of two during measurements. 
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[bookmark: _Ref113625091]Figure 4 Scenarios for multi Rx DL receptions where in (a) the UE is able to receive two DL streams and achieve 4 layer MIMO (b,c) the UE is able to receive data in one of its Rx chains while it is using another Rx chain for performing RRM measurements
[bookmark: _Toc118746084]Simultaneous reception of data and SSB measurements imply in using 1 Rx instead of 2 for data and reduction from 4 layers to 2 layers. 
[bookmark: _Toc118746085]For multiRx UEs, during L3 measurements, scheduling restrictions can be relaxed by temporarily reducing to only 1 indicated TCI state (instead of 2), i.e. reduction of 4-layer to 2-layer. 
Conclusion
This paper has presented discussion with Nokia’s views on L3 measurement enhancements for multi Rx UEs. As part of this discussion, the following observation and proposals are derived:
Proposal 1: RAN4 to focus on L3 enhancements for requirements in RRC connected.
Proposal 2: RAN4 to discuss the need of L3 enhancements for requirements in RRC idle and inactive in a later phase of the work item.
Proposal 3: RAN4 to consider the following requirements for multi Rx enhancements in RRC connected mode
a.	L3 measurement in connected mode
b.	Handover to FR2-1
c.	RRC re-establishment
d.	Intra-frequencey measurements
e.	Inter-frequency measurements
Observation 1: Multi Rx UEs, assumed to have 2 searchers, can be assumed being able to use both searchers simultaneously for cell detection and measurements.
Proposal 4: RAN4 to discuss updated Rx beam sweeping scaling factor for multi Rx UEs.
Proposal 5: RAN4 to discuss RRM requirements with Rx beam sweeping scaling factor equal to N=4.
Observation 2: Scheduling restrictions in FR2 can impact most of the OFDM symbols inside a SMTC window for measurements without gaps.
Observation 3: Scheduling restrictions in FR2 can apply to 10 out of the 14 OFDM symbols of a slot with 2 SSB occasions configured.
Observation 4: Most UEs in a network would have the same SMTC configuration, resulting in inefficient use of resources with scheduling restrictions.
Proposal 6: RAN4 to define requirements considering that a multi Rx UE can receive PDCCH/PDSCH/TRS/CSI-RS for CQI and SSB symbols simultaneously from beams with different QCL type D.
Proposal 7: RAN4 to discuss how to reduce scheduling restrictions for multi Rx chain UEs.
Observation 5: Simultaneous reception of data and SSB measurements imply in using 1 Rx instead of 2 for data and reduction from 4 layers to 2 layers.
Proposal 8: For multiRx UEs, during L3 measurements, scheduling restrictions can be relaxed by temporarily reducing to only 1 indicated TCI state (instead of 2), i.e. reduction of 4-layer to 2-layer.
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