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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
Scope of the work
Based on the outcome of the last RAN4 meeting, the following aspects remained open regarding scope of the WID [2]: 
	Issue 1-1-1: Scope of the WI
· Proposals
· Option 1 (NTT DOCOMO, LGE, CMCC, Nokia, ZTE, vivo, Huawei): RRM discussion have not to be related to 4-layer MIMO directly, i.e., RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should be discussed.
· Option 2 (Qualcomm): The WID scope on RRM is focused on 4-layer MIMO only.
· Option 3: It is not in the scope of the WI to define panel or RX chain specific behaviours with RX panel control signal for DL.

[bookmark: _Hlk116635889]Issue 1-1-3: Scenarios for Rel-18 multi-Rx DL reception
· Proposals
· Option 1 (vivo, Nokia, ZTE, CMCC, Xiaomi, LGE): Both intra-cell and inter-cell multi-TRP operation are supported for multi-Rx chain UE in the WI
· Option 2 (Samsung, vivo, NTT DOCOMO, Huawei): Working on inter-cell operation with TRPs located within reasonable intercell distance after intra-cell multi-TRP operation work is completed.
· Option 3 (MTK, Qualcomm, OPPO): Not to consider inter-cell mTRP operation in R18 multi-Rx UE

[bookmark: _Hlk118644580]Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· Proposals
· Option 1 (vivo, LGE, Xiaomi, Samsung, CMCC, Nokia, ZTE, Ericsson, NTT DOCOMO): Define RRM requirements depending on UE behaviour for single-DCI and multi-DCI multi-TRP operation
· Option 1a (vivo, Xiaomi, Nokia): Multi-DCI multi-TRP operation should not be precluded from RRM requirements perspective.
· Option 1b (LGE, Nokia): Consider RRM requirements such as scheduling restrictions and interruption for single DCI and multi-DCI based multi-TRP operations.
· Option 1d (Samsung, NTT DOCOMO): For RRM requirements specified for UE supporting simultaneous DL reception from different directions, both UE behaviour for single-DCI and multi-DCI multi-TRP operation, while single-DCI is adopted as a basline to be studied first.
· Option 2 (OPPO, Huawei, Samsung): Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified
· Option 3 (Qualcomm, MTK): Define RRM requirements for single-DCI multi-TRP operation only.

Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
· Proposals
· Option 1 (Samsung, Xiaomi, NTT DOCOMO, MTK, Intel, Huawei): Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction is not the scope of this work item.
· [bookmark: _Hlk118645731]Option 2 (vivo, Qualcomm, LGE, Nokia, Ericsson): How Spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to NW and UE implementation. It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI
· Option 3 (Apple, OPPO, Nokia, ZTE, Samsung, NTT DOCOMO, Huawei, Intel, LGE, Ericsson): Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is up to RF conclusion.

Issue 1-1-6: Simultaneous L3 measurements and L1 measurements
· Proposals
· Option 1 (MTK, Huawei, Intel, NTT DOCOMO, Qualcomm, Ericsson): In R18 multi-Rx, UE is not required to perform both L3 measurements and L1 measurements at a time.
· Option 2 (vivo, OPPO, Nokia, ZTE, Xiaomi, Apple): RAN4 to identify use cases for simultaneous L3 measurements and L1 measurements and study the feasibility
· Option 3 (CMCC, Nokia, ZTE): To consider simultaneous L3 measurements and L1 measurements with multi-RX chain reception
· Further check whether Klayer1_measurement of 1.5 can be removed (or Klayer1_measurement = 1)




Scope of the WI
In last meeting it was discussed whether the WI was limited to 4-layer MIMO. In our view part of the WI is to enable 4-layer MIMO for UEs supporting simultaneous DL reception with two different QCL TypeD RSs on single component carrier. However, the WI is not restricted to only work on 4-layer MIMO but includes an RRM enhancement part as well. Hence, RAN4 should work on both aspects.
[bookmark: _Toc118730565]The WI is not restricted to 4-layer MIMO but includes an RRM enhancement part as well.
From RAN4 discussion point of view we see a need to distinguish MIMO and RRM discussions.
RRM discussion have not to be related to 4-layer MIMO directly, RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should be discussed.
Additionally, it was discussed that the WID should not discuss panel specific behaviors. We understand that some freedom of implementation is needed by UE vendors, and that requirements should be done to accommodate this freedom. In the last meeting, it was proposed Option 3 of Issue 1-1-1, which in our view could have different interpretations. 
[bookmark: _Toc118730566]RAN4 does not to consider explicit Rx panel control in this WI. 
Scenarios for Rel-18 multi-Rx DL reception
In Rel-17 RAN4 already discussed and introduced both intra-cell and inter-cell multi-TRP operation including inter-cell beam management. Hence, in our view, this would be baseline for Rel-18 work and there is no reason to exclude the intra-frequency inter-cell scenario in Rel-18 work in this work item. 
1. Rel-17 already discussed and introduced both intra-cell and inter-cell multi-TRP operation.
[bookmark: _Toc118730567]Support both intra-cell and inter-cell multi-TRP operation.
Again, RAN4 likely need to consider MIMO (demod) and RRM separately. 

Support of single-DCI and/or multi-DCI multi-TRP operation
Some of the main differences between single DCI and multi-DCI scenarios have to do with MIMO and demodulation. DCI may be used for indicating the PDSCH TCI state, which can be a single TCI state or a TCI state pair. When using the single DCI scenario in Figure 1 the list of active TCI states will contain codepoints with single TCI states or TCI state pairs. If one the DCI the gNB indicates one of the codepoints with a TCI state pair, two TCI states will be jointly scheduled simultaneously for 4 layer MIMO reception.  
When considering the multi DCI scenario of Figure 2, the DCI indication of PDSCH state differs from the one in Figure 1. In this case, two TCI states for PDSCH can be indicated using independent DCIs with independent codepoints. When this scenario is considered, the current DCI based TCI switching requirements already provide a baseline if we consider that each TCI state switch can be evaluated independently. However, evaluation is also needed in case multi DCIs are received for indicating the UE for DL reception at the same time. Therefore, the distinction between single codeword scheduling with sDCI and multiple codeword scheduling with mDCI is related to demodulation. 

[image: ]
[bookmark: _Ref118618686]Figure 1 - single DCI, multi-TRP scenario

[image: ]
[bookmark: _Ref118622410]Figure 2 - mDCI, mTRP scenario

In general, the use of single- or multi-DCI is not related to RRM measurement requirements directly but related to data scheduling and demod. The UE RRM requirements are as such agnostic to single/multi DCI used for data transmission and the RRM requirements can be defined generically for a UE supporting simultaneous DL reception with two different QCL TypeD RSs on single component carrier.
In our view it RAN4 can define RRM requirements for single-DCI and multi-DCI multi-TRP operation, and neither single- nor Multi-DCI multi-TRP operation should not be precluded from RRM requirements perspective. It is not clear why there would be a need to distinguish or prioritize RRM requirements for either scenario.
[bookmark: _Toc118730568]Define generic RRM measurement requirements for single-DCI and multi-DCI multi-TRP operation
[bookmark: _Toc118730569]Discuss sDCI and mDCI scenarios as part of the TCI switching delay

Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
We would like to point out that WI is addressing: Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO. We understand that this is possible using either split panel approach or using 2 separate panels.
However, so far, the actual UE panel operations have been left for UE implementation and agnostic to the network. If keeping it agnostic to the network also for in this case, we suggest keeping the current assumptions.
Hence, we support option 2 of Issue 1-1-5 [2] in last meeting and how Spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to network and UE implementation assuming this is agnostic to network. 
[bookmark: _Toc118730570]How spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to network and UE implementation assuming this is agnostic to network
It is not necessary to explicitly preclude spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction from the WI. We are fine waiting the RF conclusions concerning option 3 (Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is up to RF conclusion).

Simultaneous L3 measurements and L1 measurements
In general, it makes sense to discuss the further details before concluding. From the options listed it is not very clear what companies mean when discussing ‘simultaneous’ and ‘at the same time’. It would also be good to understand if there are UE specific limitations that needs to be considered.
As for ‘simultaneous’ and ‘at the same time’ it is our understanding that when discussing multi-Rx capable UE, such UE is obviously supporting single-Rx reception. UE requirements when UE is not operating (receiving) using multi-Rx (simultaneous DL reception with two different QCL TypeD RSs on single component carrier), existing RRM requirements related to L3 and L1 applies.
However, if the UE is operating using Multi-Rx the question is whether the UE can:
1. Measure L3 and L3 simultaneously from the different QCL typeD sources. I.e., UE can measure L3 from one QCL typed source and L3 from another QCL typed source.
2. Measure L1 and L3 simultaneously from the different QCL typeD sources. I.e., UE can measure L1 from one QCL typed source and L3 from another QCL typed source.
3. Measure L1 and L1 simultaneously from the different QCL typeD sources. I.e., UE can measure L1 from one QCL typed source and L1 from another QCL typed source.
Our understanding is that at least 1 and 3 should be feasible. Additionally, we do not see any technical reason why 2 would not be feasible. However, more discussion is needed to get common understanding of the scenarios and technical feasibility on UE side.
[bookmark: _Toc118730571]RAN4 discussion is needed to get common understanding of the scenarios and technical feasibility on UE side.
[bookmark: _Toc118730572]RAN4 to discuss at least:
· [bookmark: _Toc118730573]UE can measure L3 from one QCL typed source and L3 from another QCL typed source.
· [bookmark: _Toc118730574]UE can measure L1 from one QCL typed source and L3 from another QCL typed source.
· [bookmark: _Toc118730575]UE can measure L1 from one QCL typed source and L1 from another QCL typed source.
· [bookmark: _Toc118730576]UE can measure L1 or L3 from one QCL typed source and receive data from another QCL typed source.
Once RAN4 has more detailed common understanding the detailed work can continue. We discuss the UE capability in next section which is related to this.
UE capabilities
As part of the discussion in the last RAN4 meeting, the following issues were identified regarding UE capabilities for multi Rx [2]:
	1.1 Sub-topic 1-5: UE capabilities

<Way forward >: 
Issue 1-5-1: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
· Proposals
· Option 1 (vivo, LGE, Nokia): RAN4 to clarify the usage of existing UE capability simultaneousReceptionDiffTypeD and further discuss if additional UE capability is needed depending on progress of RRM requirements.
· Option 2a (Samsung): 
· RAN4 shall not introduce new, but reuse Rel-16 UE capability IE simultaneousReceptionDiffTypeD-r16, to indicate enhanced FR2-1 UEs supporting simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier.
· If UE support Rel-16 simultaneousReceptionDiffTypeD-r16, UE supports to perform simultaneous measurement based on SSBs with different QCL TypeD indications.
· Option 3 (OPPO, ZTE): New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs in R18 is preferred.
· Option 4 (Qualcomm, Apple, MTK, Ericsson, Intel): Rel-16 UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception.

Issue 1-5-2: UE capability of simultaneous reception of measured RS and data
· Proposals
· Option 1 (Huawei): For R18 multi-Rx DL reception, the enhanced RRM requirements can be developed based on the following principles:
· UE can be assumed to support simultaneous data receptions with two different beam directions.
· UE does not support simultaneous data receptions and L1 measurements with different beam directions.
· UE does not support simultaneous data receptions and L3 measurements. 
· Option 2 (Samsung, LGE, ZTE): For UE capability of simultaneous reception of measured RS and data, if UE support simultaneousReceptionDiffTypeD-r16, it should support: 
· simultaneous reception of L1 measured RS and PDCCH/PDSCH/TRS/CSI-RS for CQI
· simultaneous reception of L3 measured RS and PDCCH/PDSCH/TRS/CSI-RS for CQI
· Option 3 (MTK, Qualcomm, vivo, Huawei): RAN4 to further study how to guarantee that network can know when to apply schedule restriction or when not to.
· Option 4 (OPPO): UE capability of simultaneous reception of L1/L3 RS and data can be decided after the feasibility issues of L1 and L3 enhancements are concluded.
· Option 5 (Nokia, Xiaomi): For R18 multi-Rx DL reception, the enhanced RRM requirements can be developed based on the following principles: 
· UE can be assumed to support simultaneous data receptions with two different beam directions.
· UE supports simultaneous data receptions and L1 measurements with different beam directions.
· UE supports simultaneous data receptions and L3 measurements with different beam directions.
· UE supports simultaneous L1 and L3 measurements with different beam directions.
· Option 6 (Ericsson): for requirements definition, RAN4 to consider
· UE supports simultaneous data receptions and L1 measurements with different beam directions.
· UE supports simultaneous L1 measurements with different beam directions.

Issue 1-5-3: UE capability of simultaneousRxDataSSB-DiffNumerology
· Proposals
· Option 1 (MTK, Xiaomi, ZTE, Huawei, Xiaomi): The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI




Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
The simultaneousReceptionDiffTypeD is an R-16 defined parameter under MIMO-ParametersPerBand information element of UE capability information. This parameter is intended for use in eMIMO scenarios. This parameter is intended for Multi-TRP and multi-panel transmission enhancements for eMIMO, in the case of simultaneous data reception from different QCL-D sources. 
[bookmark: _Toc118297427][bookmark: _Toc118730577]In R-18, UE will be capable of simultaneous, and independent reception from multiple TRPs. UE should also be able to do simultaneous data reception from, and measurements on different TRPs (having different PCID).
[bookmark: _Toc118297428][bookmark: _Toc118730578]simultaneousReceptionDiffTypeD should checked for its applicability to enhanced R-18 RAN4 RRM requirements.
[bookmark: _Toc118297430]
UE capability of simultaneousRxDataSSB-DiffNumerology
R-15 defined “simultaneousRxDataSSB-DiffNumerology” UE capability for FR2, which is used to indicate whether UE supports simultaneous intra-frequency measurement on serving cell or neighboring cell and PDCCH or PDSCH reception from the serving cell with a different numerology.
Further, R-16 defined “simultaneousRxDataSSB-DiffNumerology-Inter-r16” UE capability for FR2, which is used to indicate whether UE supports simultaneous inter-frequency measurement without measurement gap, on neighboring cell and data reception (PDCCH or PDSCH), from the serving cell with a different numerology.
[bookmark: _Toc118297431][bookmark: _Toc118730579]In R-18 UE with multi-Rx capability, for indicating simultaneous data and intra-frequency measurement capability, simultaneousRxDataSSB-DiffNumerology can be reused.
[bookmark: _Toc118297432][bookmark: _Toc118730580]In R-18 UE with multi-Rx capability, for indicating simultaneous data and inter-frequency measurement without measurement gap capability, simultaneousRxDataSSB-DiffNumerology-Inter-r16 can be reused.

[bookmark: _Toc116995848]Conclusion
This paper has presented discussion on scope and scenarios of RRM enhancements for multi Rx DL in FR2. As part of this discussion, the following observations and proposals are made:

Observation 1: The WI is not restricted to 4-layer MIMO but includes an RRM enhancement part as well.
Proposal 1: Not to consider Rx panel control signal for DL in this WI.
Proposal 2: Support both intra-cell and inter-cell multi-TRP operation.
Proposal 3: Define generic RRM measurement requirements for single-DCI and multi-DCI multi-TRP operation
Proposal 4: Discuss sDCI and mDCI scenarios as part of the TCI switching delay
Proposal 5: How spatial MIMO (either spatial diversity or spatial multiplexing) is used is up to network and UE implementation assuming this is agnostic to network
Proposal 6: RAN4 discussion is needed to get common understanding of the scenarios and technical feasibility on UE side.
Proposal 7: RAN4 to discuss at least:
-	UE can measure L3 from one QCL typed source and L3 from another QCL typed source.
-	UE can measure L1 from one QCL typed source and L3 from another QCL typed source.
-	UE can measure L1 from one QCL typed source and L1 from another QCL typed source.
-	UE can measure L1 or L3 from one QCL typed source and receive data from another QCL typed source.
Observation 2: In R-18, UE will be capable of simultaneous, and independent reception from multiple TRPs. UE should also be able to do simultaneous data reception from, and measurements on different TRPs (having different PCID).
Proposal 8: simultaneousReceptionDiffTypeD should checked for its applicability to enhanced R-18 RAN4 RRM requirements.
Proposal 9: In R-18 UE with multi-Rx capability, for indicating simultaneous data and intra-frequency measurement capability, simultaneousRxDataSSB-DiffNumerology can be reused.
Proposal 10: In R-18 UE with multi-Rx capability, for indicating simultaneous data and inter-frequency measurement without measurement gap capability, simultaneousRxDataSSB-DiffNumerology-Inter-r16 can be reused.

[bookmark: _Toc116995849]
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