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[bookmark: _Toc116995841]Introduction
In this paper we discuss RRM aspects related to the multi-RX chain reception in FR2 for Rel-18. In the last RAN4 meeting we had the initial discussions related to the WI and in this is a continuation of the discussion. We address the objectives of the work item and based on those, observations and proposals are derived concerning assumed architecture, deployment, and beam management considerations for RRM measurement enhancements.

General
Architecture
Based on the outcome of the last RAN4 meeting, the following aspects remained open regarding architecture with 2 Rx chains [2]: 
	
Issue 1-2-4: UE architectures
· Proposals
· Option 2 (Nokia): 
· Multi Rx architecture with above consideration, to assume that each Rx chain will need to process at an independent FFT window.  
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements or demodulation tasks. 
· Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements on 2 Rx chains. 
· Independent timing loops are supported in multi-RX for intra and inter cell mobility measurements.
· Option 4 (vivo, MTK, Ericsson, Qualcomm): It is not necessary to have a general conclusion on multi-Rx chain architecture.
· Option 5 (NTT DOCOMO, Samsung, Xiaomi, Ericsson, ZTE, LGE, Apple, Huawei, MTK, OPPO): Should be discussed in RF session.
(…)





The scope of this work depends on the assumptions related to the UE measurement capability with multiple RX chains. This will impact the requirements for RRM measurements, TCI switching, etc. The WID has defined the terms ‘multiple RX chains’, that does not simply mean multiple antenna panels. It is possible that multi-RX chains assumes multiple UE implementations options including simultaneous operation on multiple antenna panels, frond-end, demodulation and RRM. There can be various UE implementation options, and the WI scope include them for requirement study.
Independent timing and frequency tracking assumption impacts the possible deployment, i.e., if UE does not support independent tracking, the inter-TRP distance, deployment scenarios and WI scope will be limited. 
1. Supporting separate baseband processing per Rx chain, enables simultaneous measurements and data path processing while receiving from distributed TRPs.

[image: ]
[bookmark: _Ref110785042]Figure 1: Architectural overview of BB/RF blocks involved in multiple RX chain capabilities
In the above figure both RF chains will need independent timing control due to distributed TRPs. 
[bookmark: _Toc118729458]Multi Rx architecture to assume that each Rx chain can process at an independent FFT window.  
[bookmark: _Toc118729459]Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements or demodulation tasks. 
[bookmark: _Toc118729460]Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements.
[bookmark: _Toc118729461]Independent downlink time tracking are supported in multi-Rx for intra and inter cell measurements.

Simultaneous reception
[bookmark: _Hlk117788754]Based on the outcome of the last RAN4 meeting, the following aspects remained open regarding simultaneous reception with 2 Rx chains [2]: 
	
Issue 1-2-1: Definition of “simultaneous reception”
· Proposals
· Option 1 (Ericsson): In this WI, the two RSs are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period. 
· Option 2 (Nokia): In this WI, the two RSs, RS and data, or 2 data signals, are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all RS occasions during the measurement period.

Issue 1-2-2: Scenarios for “simultaneous reception”
· Proposals
· Option 1 (ZTE): Under the assumption of non-overlapped or very limited partial overlapped between the beam direction coverage of each panel, all following candidate combinations are possible: 
· Simultaneous fine beam reception from panel A and fine beam reception from panel B
· Simultaneous coarse beam reception from panel A and coarse beam reception from panel B
· Simultaneous fine beam reception from panel A and coarse beam reception from panel B
· Simultaneous coarse beam reception from panel A and fine beam reception from panel B
· Option 2 (Ericsson): RAN4 agrees on the deployment scenarios A-D for discussing the requirements for simultaneous reception from two different directions:
· Scenario A: simultaneous reception of RS0 and RS2, same TRP, same SSB index, same cell
· Scenario B: simultaneous reception of RS0 and RS10, different TRPs, same SSB index, same cell
· Scenario C: simultaneous reception of RS0 and RS3, same TRP, different SSBs, same cell
· Scenario D: simultaneous reception of RS0 and RS13, different TRPs, different SSBs, same cell.
(…)

Issue 1-2-11: Scheduling restriction/availability requirements on group-based L1 measurements
· Proposals
· Option 1 (Qualcomm): RAN4 to update scheduling restriction/availability requirements on group-based L1 measurements taking into account the following aspects:
· For the case where RS for group based L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1,
· If UE Rx beam for the measurement cannot achieve the same directivity gain as the gain that can be obtained for non-group based measurement,
· There is a scheduling restriction due to (L1-RSRP) measurement performed based on the CSI-RS if the measurement resource is configured for group-based measurements from multiple TRPs.
· Otherwise,
· There is no scheduling restriction due to (L1-RSRP) measurement performed based on the CSI-RS from the other TRP if the measurement resource is configured for group-based measurements from multiple TRPs.
· FFS on whether and how to signal a necessity of scheduling restriction.




R-18 multi-Rx UE architecture will support independent time and frequency tracking loops per Rx Chain, and independent beam measurements and independent beam management per Rx Chain. This architecture will enable independent and simultaneous downlink reception from different QCL-typeD transmission sources.
[bookmark: _Toc118729462]Simultaneous reception in multi-Rx UE would mean independent, simultaneous reception of data and RS, or simultaneous reception of RS and RS from multiple TRPs with same or different PCID.
[bookmark: _Toc118729463]With capability for simultaneous DL reception from multiple TRPs, the following scenarios can be supported in a multi-Rx UE.
a. [bookmark: _Toc118729464]Simultaneous L1 measurements:
i. [bookmark: _Toc118729465]L1 SSB + L1 SSB
ii. [bookmark: _Toc118729466]L1 CSI-RS + L1 CSI-RS
b. [bookmark: _Toc118729467]Simultaneous L3 measurements:
i. [bookmark: _Toc118729468]L3 SSB + L3 SSB
c. [bookmark: _Toc118729469]Simultaneous L3 and L1 measurements:
i. [bookmark: _Toc118729470]L3 SSB + L1 SSB/CSI-RS
d. [bookmark: _Toc118729471]Simultaneous data and L3 /L1 measurements:
i. [bookmark: _Toc118729472]L1 SSB + data
ii. [bookmark: _Toc118729473]L1 CSI-RS + data
iii. [bookmark: _Toc118729474]L3 SSB + data
[bookmark: _Toc118729475]RAN4 should study the following requirements for multi-Rx UE.
e. [bookmark: _Toc118729476]Simultaneous L1 measurements:
i. [bookmark: _Toc118729477]L1 SSB + L1 CSI-RS
f. [bookmark: _Toc118729478]Simultaneous data and L3 measurements 
i. [bookmark: _Toc118729479]L3 CSI-RS + data
Another open issue on that topic is related to scheduling restriction/availability requirements on group based L1 measurements. In our view it is still not clear the L1 measurement requirements, and this discussion should be carried on considering also the L1 beam sweeping factor reduction, and other enhancements due to multi-Rx operation. Therefore, we suggest that this discussion is not carried out as part of the general agenda items but as part of the L1 agenda item. 
[bookmark: _Toc118729480]Discuss L1 scheduling restriction/availability as part of the L1 measurement requirements for UEs suporting multi-Rx. 
Beam management
Based on the outcome of the last RAN4 meeting, the following aspects remained open regarding beam management with 2 Rx chains [2]: 
	
Issue 1-2-6: Beam management
· Proposals
· Option 1 (vivo): Principle of defining beam management related requirements for IBM can be extended for multi-Rx chain
· Option 2 (Nokia): Independent beam management between multiple Rx chains on the same carrier is assumed in this work item.
· Option 3: Further clarify which beam management requirements are used for multi-RX WI.
· Note: Company is encouraged to check if this issue is covered by other issues already.




IBM support for FR2 inter-band CA, is currently according to the following schematic, in Rel-16. This framework has been used to support intra/inter-cell mobility in multi-TRP scenarios with different bands.

[bookmark: _Hlk114821740][image: ]
Figure 1: IBM architecture in Rel-16/Rel-17
Since the IBM framework in Rel-16 is defined for the support FR2 inter-band CA on different bands and assuming a specific UE architecture. We assume that the IBM principles shall be extended to be assumed also for intra-frequency multi-Rx UE  work as well. 
During the RAN4 #104 meeting, we have agreed on the number of searchers for cell detection and RRM measurements [3]:
	RAN4#104 Agreement
Issue 1-1-1-2: Number of searchers for cell detection and measurements
· 2 searchers are assumed.




In view of the above agreement, 2 searchers are assumed for FR2 and this would improve RRM measurement requirements. Since the searchers may need independent control of the spatial filters, it can be assumed that IBM must be extended to intra-frequency multi-TRP scenarios.




[image: ]
       Figure 2: Proposed Independent Beam Management architecture for intra frequency m-TRP operation in Rel-18

[bookmark: _Toc118729481]Multi-Rx UE shall be capable of independent beam management between multiple Rx chains on a Component Carrier (CC).

Applicability conditions
From the last RAN4 meeting, the following issues are left open for discussion: 
	1.1 Sub-topic 1-4: Applicability and conditions
<Agreement >:
· RRM requirement of simultaneous DL reception from different directions shall be defined based on the applicable condition to be specified in UE RF session.
· FFS the relation between the applicability condition and RRM requirement impacts
<Agreement >:
· To clarify the requirement in new section that R18 multi-Rx is applicable for FR2-1 only, i.e., no FR2-2.

<Way forward >: 
Issue 1-4-2: Applicability of new requirements to different QCL types
· Proposals
· Option 1 (vivo, MTK, Apple, OPPO): FFS whether requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C
· Option 2 (Samsung): Whether or not the new RRM requirement for the feature of simultaneous DL reception from different directions shall be applicable is irrelevant to the TCI configuration of other QCL type.
· Option 3 (Ericsson, ZTE, Samsung): In addition to QCL type D, the two RSs may also be configured with QCL type A or QCL type C.

Issue 1-4-3: Applicability of requirements for serving cell
· Proposals
· Option 1 (Ericsson, Nokia, vivo): The simultaneously received RSs may also be from a non-serving cell
· Option 2 (NTT DOCOMO): Down-prioritized.

Issue 1-4-5: Detectable condition of RS signals
· Proposals
· Option 1 (MTK): For detectable condition, all RSs in the same QCL chain for the target TCI state should remain detectable during the entire measurement/switch period.





[bookmark: _Toc118283941][bookmark: _Toc118729482]QCL relationship is not available to measurement objects related to L3 measurements. 
[bookmark: _Toc118283942][bookmark: _Toc118729483]QCL relationship between RSs is only considered for TCI state switching and L1 measurements. 
[bookmark: _Toc118283943][bookmark: _Toc118729484]TCI state configuration with QCL-A/C do not have impact on RRM requirements.
In the following scenarios, R-18 UE should be able to simultaneously receive from serving cell while performing RRM measurements from non-serving cells: 
a) Simultaneous L1 and L3 measurements
b) Simultaneous L3 measurements
In the case of L3 measurements, the RSs will be from non-serving cells. As it is being discussed in other agenda items related to Multi Rx DL, the L3 measurements can be improved by performing simultaneous L3 measurements using multiple Rx chains, performing L1 and L3 measurements at the same time, or receiving data from serving cell while performing L3 measurements from non-serving cell. In all cases the reception of RS from non-serving cells would be required. 
[bookmark: _Toc118283946][bookmark: _Toc118729485]UEs supporting multi-Rx chain in R-18 should be able to receive two RSs simultaneously from non-serving cells using different Rx chains.
Modes for simultaneous reception and power saving
Based on the outcome of the last RAN4 meeting, the following aspects remained open regarding power saving [2]: 
	Issue 1-2-9: Whether and how to define power saving related requirements
· Proposals
· Option 1 (vivo, Apple, LGE, Ericsson, NTT DOCOMO, Huawei, Samsung, Xiaomi, ZTE): No power saving specific requirements are considered in the WI.
· Power saving can be one aspect to be considered when specifying RRM requirements, e.g., if a UE always needs to keep two panels active.
· Option 3 (Apple, MTK, LGE, ZTE, LGE): RAN4 should discuss if a UE capable of multi-RX reception should inform the network that it does not support two AoA reception, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 3a (Nokia, Apple): RAN4 should discuss how a UE capable of multi-RX reception should inform the network when switching from 2 Rx chains to 1 Rx chain, and vice versa, so the network knows the UE does not turn on or off this capability arbitrarily.
· Option 5 (Nokia): RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.




One important concern was raised about power saving if a UE supporting multiple Rx reception is required to always be using its multiple chains for RRM enhancements. We understand that RRM enhancements may provide important benefits in the sense of optimizing UE and network performance. However, such improvements may not always justify UE always being required to use multi Rx reception. 
Some improvements in L1/L3 measurements can help reducing for example the scheduling restrictions and optimize throughput for the UE and network when the UE is anyway using two Rx chains for receiving data. In such case, the UE will have more scheduling opportunities, which reduce the impact of measurements on data reception.  
[bookmark: _Toc118729486]Reduction of scheduling restrictions can enhance throughput and reduce of latency in data reception. 
[bookmark: _Toc118729487]A UE capable of multi-Rx reception should be able to perform RRM enhancements when UE is actively using multi-Rx reception. 
[bookmark: _Toc118729488]RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.. 
[bookmark: _Toc118393439]RAN4 should enhance multi-Rx reception when using 2 Rx chains for reduced impact from measurements. 
A UE capable of multi-Rx reception and the network should be aware of when the UE is using 2 Rx chains for reducing measurement times or reducing scheduling restrictions or when it is using a single Rx chain. 

[bookmark: _Toc116995848]Receive timing difference
Based on the outcome of the last RAN4 meeting, the following aspects remained open regarding timing requirements [2]: 
	Issue 1-3-1: Receive timing difference
· Proposals
· Option 1 (Apple, Xiaomi, Qualcomm, Intel, MTK, LGE, OPPO, Ericsson): The receive timing difference between different directions is within CP in R18.
· Option 1b (Qualcomm, Apple): Receive time difference for configured different QCL Type D RSs is not larger than CP. FFS whether and how much additional margin within the CP length is needed.
· Option 2 (vivo, Huawei, Samsung, CMCC, ZTE): The receive timing difference between different directions is within CP at least. FFS whether to define requirements with timing difference larger than CP.
· Option 3 (Nokia): Consider receive time differences larger than CP.
· The multi-RX UE can support independent time and frequency tracking for each Rx chain.
· Option 4 (Tentative agreement in GTW): The receive timing difference considered for data reception and L1 measurements between different directions (2AOAs) is within CP
· Receive time differences between any configured different QCL Type D RSs is not larger than CP.
· FFS whether to define requirements with timing difference larger than CP.




In general, RAN4 should likely distinguish the RTD discussion between data reception and MIMO, and then RRM measurements.
Additionally, in the MIMO_evo_DL_UL work item, in RAN1 #109, an LS was sent to RAN4 inquiring what is the maximum uplink timing difference to be assumed between the two TAs for multi-DCI multi-TRP operation in Rel-18. In RAN1 #110 bis [12], RAN1 agreed that difference between 2 reference timings can be assumed to be within CP length as baseline, and larger than CP as optional capability. 
	RAN1 #110bis
Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected




[bookmark: _Toc118729489]In MIMO_evo_DL_UL, RAN1 has agreed that propagation delay difference larger than CP can be supported as optional UE capability.
 RAN4 discussed this topic and in RAN4 #104bis, the following has been agreed in the WF[14]: 
	Issue 1-3: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR2
Agreements:
· For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP + M2 µs for FR2. Where M2 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 8/8.5 µs.




[bookmark: _Toc118729490]For multi-RX multi-DCI multi-TRP operation, follow the agreements in the MIMO_evo_DL_UL WI: propagation delay difference is within CP as baseline, and propagation delay difference larger than CP is supported as optional UE capability.
Conclusion
In the paper, we have presented Nokia’s views on general issues regarding multi Rx reception in FR2. As part of this discussion, the following observations and proposals were made:
[bookmark: _Toc116995849]Proposal 1: Multi Rx architecture to assume that each Rx chain can process at an independent FFT window.
Proposal 2: Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements or demodulation tasks.
Proposal 3: Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements.
Proposal 4: Independent downlink time tracking are supported in multi-Rx for intra and inter cell measurements.
Proposal 5: Simultaneous reception in multi-Rx UE would mean independent, simultaneous reception of data and RS, or simultaneous reception of RS and RS from multiple TRPs with same or different PCID.
Proposal 6: With capability for simultaneous DL reception from multiple TRPs, the following scenarios can be supported in a multi-Rx UE.
a.	Simultaneous L1 measurements:
i.	L1 SSB + L1 SSB
ii.	L1 CSI-RS + L1 CSI-RS
b.	Simultaneous L3 measurements:
i.	L3 SSB + L3 SSB
c.	Simultaneous L3 and L1 measurements:
i.	L3 SSB + L1 SSB/CSI-RS
d.	Simultaneous data and L3 /L1 measurements:
i.	L1 SSB + data
ii.	L1 CSI-RS + data
iii.	L3 SSB + data
Proposal 7: RAN4 should study the following requirements for multi-Rx UE.
a.	Simultaneous L1 measurements:
i.	L1 SSB + L1 CSI-RS
b.	Simultaneous data and L3 measurements
i.	L3 CSI-RS + data
Proposal 8: Discuss L1 scheduling restriction/availability as part of the L1 measurement requirements for UEs suporting multi-Rx.
Proposal 9: Multi-Rx UE shall be capable of independent beam management between multiple Rx chains on a Component Carrier (CC).
Observation 2: QCL relationship is not available to measurement objects related to L3 measurements.
Proposal 10: QCL relationship between RSs is only considered for TCI state switching and L1 measurements.
Proposal 11: TCI state configuration with QCL-A/C do not have impact on RRM requirements.
Proposal 12: UEs supporting multi-Rx chain in R-18 should be able to receive two RSs simultaneously from non-serving cells using different Rx chains.
Observation 3: Reduction of scheduling restrictions can enhance throughput and reduce of latency in data reception.
Proposal 13: A UE capable of multi-Rx reception should be able to perform RRM enhancements when UE is actively using multi-Rx reception.
Proposal 14: RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.
Observation 4: In MIMO_evo_DL_UL, RAN1 has agreed that propagation delay difference larger than CP can be supported as optional UE capability.
Proposal 15: For multi-RX multi-DCI multi-TRP operation, follow the agreements in the MIMO_evo_DL_UL WI: propagation delay difference is within CP as baseline, and propagation delay difference larger than CP is supported as optional UE capability.
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