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1. Introduction
During the RAN4#104-e meeting the multi-RX chain topics have been fully and expressly discussed. A WF [1] was agreed after the discussion to capture all the issues raised by the companies. Hence in this paper, we give further analysis on the general aspects.
2. Discussion
There are quite a lot of issues marked as general issues in the WF [1]. 
Issue 1-1-1: Scope of the WI
· 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.

For the scope of the WID, the 4-layer DL MIMO is proposed by some company as the only scenario to be focused. However, if we read the WID through the justification, many aspects considering the two RX chain has been listed, such as NR FR2 CA with IBM, multi-TRP/panel operation introduced in Rel-16, single TCI and dual TCI operation for Rel-15 and Rel-17mTRP framework and so on. These features are all not directly linked to the 4 layer DL MIMO and couple of scenarios can be discussed and enhanced. With that, the option 1 is preferred.
Proposal 1: Agree on Option 1 for the scope as: 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.
Issue 1-1-3: Scenarios for Rel-18 multi-Rx DL reception
· 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
· 

For the inter-cell and intra-cell scenarios, the RTD of two TRP for m-TRP operation is within CP at least till Rel-17 and an optional capability for RTD larger than CP will be introduced in Rel-18 which has been discussed in our companion paper. 
From this perspective, which is the within CP assumption for both intra-cell and inter-cell multi-TRP operation, then there is no need to differentiate the scenario for inter-cell distance since the RTD will all be within CP. 
Observation 1: The RTD is assumed to be within CP for both intra-cell and inter-cell m-TRP operation at least till Rel-17.
Proposal 2: With the RTD is within CP assumption, both intra-cell and inter-cell multi-TRP operation are supported in this WID.
Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation
· 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.

For the single-DCI and multi-DCI m-TRP operation, currently both s-DCI and m-DCI is supported since Rel-16 and with that, we see no reason why we preclude m-DCI when defining requirements. There is agreement on defining UE RF requirement based on s-DCI operation while still per chairman guidance, this will not have impact for baseband behaviour or RRM requirement definition.
Proposal 3: To include both s-DCI and m-DCI m-TRP operation when defining RRM requirements.
Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
· 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.
· 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.
· 

For the spatial MIMO, there is some agreement in RF session can be referred. It is captured below from the UE RF WF[3]:
1.4	What should happen when same panel receives DL from multiple directions for UE RF requirement
Way Forward: 
· [The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue]. 
· [If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on 1.2 ]
1.2	’Panel’ understanding in assumptions for deriving UE RF requirements
Way Forward: Take the following panel assumption for DL reception, noting panel is a logical construct:
‘Panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
Unit of antenna group to control beam independently 
0. Within a panel, one beam can be selected and used for DL reception.
0. Across different panels, multiple beams [(each selected per panel)] may be used for DL reception.
0.  ‘Beam’ is assumed to mean spatial filter associated with reception.


From the above agreement with the definition of UE panel and UE antenna module, one antenna module to receive two AoAs simultaneously but with two panels is supported. However, this is based on the assumption that two different AoAs and two panels for one antenna module. In this case, the one panel for two independent signals from same or nearly the same directions is not within the scope of the WID since the two panels and different AoAs are assumed.
Observation 2: From UE RF agreement, one antenna module to receive two AoAs simultaneously but with two panels supported.
Proposal 4: One panel for two independent signals from same or nearly the same directions is not within the scope of the WID.
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)


For the simultaneous L1 and L3 measurement, based on the panel definition quoted from UE RF WF [3] such that “cross different panels, multiple beams [(each selected per panel)] may be used for DL reception”. In this case, it is possible that different panel can configure different beams and correspondingly the fine beam for L1 measurement and rough beam for L3 measurement. We see this is an extra requirement for UE with multi-RX capability and hence an optional capability is proposed based on our previous discussion paper.
Proposal 5: To introduce a new capability of the UE besides the multi-RX chain capability to support the simultaneous L1 and L3 measurement.
For the UE capability issue, it has some relationship with the previous “simultaneous reception” discussion. Based on our understanding and discussion as previously stated, with the two RX chain architecture assumption, the simultaneous data + data/measurement + data and measurement + measurement should be supported. However, for the simultaneous L1 and L3 measurement, with the beam assumption as fine beam and rough beam respectively, an additional UE capability for simultaneous L1 and L3 measurement is proposed as an optional capability to distinguish different UE implementation.
Proposal 6: 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 needs optional capability to support simultaneous L1 and L3 measurements with different beam directions.
3	Conclusions
In this paper, we give further discussion on the multi-RX chain WID scenario issues, the observations and proposals are captured as below:
Proposal 1: Agree on Option 1 for the scope as: 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.
Observation 1: The RTD is assumed to be within CP for both intra-cell and inter-cell m-TRP operation at least till Rel-17.
Proposal 2: With the RTD is within CP assumption, both intra-cell and inter-cell multi-TRP operation are supported in this WID.
Proposal 3: To include both s-DCI and m-DCI m-TRP operation when defining RRM requirements.
Observation 2: From UE RF agreement, one antenna module to receive two AoAs simultaneously but with two panels supported.
Proposal 4: One panel for two independent signals from same or nearly the same directions is not within the scope of the WID.
Proposal 5: To introduce a new capability of the UE besides the multi-RX chain capability to support the simultaneous L1 and L3 measurement.
Proposal 6: 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 needs optional capability to support simultaneous L1 and L3 measurements with different beam directions
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