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1. Introduction
The discussion on the Multi-Rx chain DL reception WI was organized under three threads in RAN4#105. The ad-hoc meeting is planning to treat some essential issues such that more progress can be made on this topic. The topics to be discussed are picked up from [1], [2], [3],the moderator summaries for the threads handling this WI.
2. Discussion
2.1. Overall procedure and scenarios regarding multi-Rx DL reception and 4 Layer reception
	R4-2218408
	Qualcomm Incorporated
	Overall Procedure from L3 measurement all the way to 4-layer Reception with dual TCIs

Observation 1: To enable a UE to receive up to 4L ‘with simultaneous DL reception with two different QCL TypeD RSs on single component carrier’ based on the existing multi-TRP schemes, the following sequence of events is assumed:

1. starting condition: basic connection between the UE and a single TRP

2. network configures UE for group-based L1 measurement and report with other TRPs visible to the UE

3. network requests a joint-CSF based on RS pairs reported by the UE with ‘group-based L1 measurement’

4. network configures a second active TCI state for the second TRP based on the previous reports (group based L1 measurement and joint CSF)




Issue 1-1-7 [1]: Assumption on supporting 4-layer MIMO with simultaneous DL reception with two different QCL TypeD RSs

· Proposals

· Option 1 (Qualcomm): To enable a UE to receive up to 4L ‘with simultaneous DL reception with two different QCL TypeD RSs on single component carrier’ based on the existing multi-TRP schemes, the following sequence of events is assumed:

· starting condition: basic connection between the UE and a single TRP

· network configures UE for group-based L1 measurement and report with other TRPs visible to the UE

· network requests a joint-CSF based on RS pairs reported by the UE with ‘group-based L1 measurement’

· network configures a second active TCI state for the second TRP based on the previous reports (group based L1 measurement and joint CSF)

· Recommended WF

· Needs further discussion.

Discussion:
Apple: we are not sure about what this procedure is useful for. this would be good as a test procedure
Huawei: we are also confused why we are discussing this procedure? this seems more like RAN1/2 discussion

Vivo: we understand the intention is to clarify what RRM requirements are directly or indirectly related to 4L MIMO reception. This is based on group based reporting. Our understanding is that it is possible also without group based reporting. 2 procedures are important, one is L1-RSRP reporting for beam pairs. next is TCI state configuration. this is different for SFN or non-SFN PDCCH.

Qualcomm: our point is that the ultimate goal of this item is to enable 4L MIMO in FR2, we have to do throughput enhancements which depends on the number of MIMO layers. These are the key enablers of 4L MIMO, outside this procedure there could be some nice to have enhancements. we should focus on what is necessary.

Mediakte: group based reporting is used in this procedure. we should clarify whether group based reporting is the basica assumption for this WI or not. group based reporting means that the set of beams are reporting in agroup. without group based reporting the network might configure UE to report measurement non overlapping in the time domain. We can agree if majority view is that we should only consider group based reporting.

LGE: it is ok to have the procedure only based on group based reporting. we should first conclude the RRM general scope.

Xiaomi: for group based beam reporting, this is useful. we should further clarify: should we consider also mDCI, is the procedure the same? for multiple RSs from different TRP, what is the RS ID from each TRP?
Nokia: the description makes sesnse for achieving 4 layer MIMO. we do not think we should agree on this for defning the RRM requirements. it is good for clarification but we do not need to agree this, we do not see the direct link to the requirements. we think we should aim for improvements in network operation

Intel: we share the same view as Vivo, should we also consider non group based reporting. we need to report two simultaneous measurements. it is not clear to us whether we consider simultaneous data and measurement

Ericsson: this is one of the ways to achieve simultaneous reception. we also agree with MTK that group based reporting is not mandatory to achieve simultaneous reception.

Samsung: should we only consider connected mode, not idle/inactive? should we consider direction/separation for group based reporting? this procedure implies there are 2 steps for simultaneous reception, first step UE sweeps all the beams, UE knows which panel is facing which TRP, 2nd step is connecting to another TRP

Apple: we should structure the schedule differently. L1-RSRP has 2 asptets, measurement restrictions and delays. group based reporting is still needed. 
ZTE: we share similar view as Vivo and Nokia, but it cannot prclude anything. UE an still L1-RSRP measurements and L3 measurements. this should not preclude anything, non group based reporting should not be 

Oppo: clarification question: does the grup based reporting depend on the UE RF implementation

Chair: we are only defining requirements for existing feature/capabilities defined by RAN1/2 in previous releases.

apple: we agree with the chair, it would be good to have more analysis on how this can be achieved without group based reporting

Vivo: we already agreed to enhance L1-RSRP reporting. dual TCI state is an important feature for this. in our understanding we do not need to do anything new for group based reporting, current requirements for L1-RSRP are enough. we will need some new requirements for dual TCI state related procedure.
Nokia: we are fine with the current agreement, no need for “at least”. our aim is not to add new requirements just because we do not want to burden but if the UE can do simultaneous measurements/ data then network can take advantage of that for improved performance.

Vivo: for sDCI based SDM, group based reporting is not a must

Agreements:

- group based reporting is one of the means to enable simultaneous reception
- companies proposing to enable simultaneous reception should bring more analysis on how this can be done
Issue 1-1-1 [3]: Regarding group-based reporting and simultaneous reception with different QCL type-D

·   Proposals

· Option 1: Simultaneous reception is based on group-based reporting. 
· Option 2: Simultaneous reception is not necessarily based on group-based reception.
· Option 3: TCI switch requirements are to specify dual TCI state switching requirements for multi-Rx (not necessary to limit to only simultaneous reception)
· Recommended WF

· More discussion is needed.

Discussion:
Issue 1-1-2 [3] : As per RAN1 agreements, group-based reporting is supported for single DCI only. If group-based reporting is a prerequisite, this AI can focus on single DCI case only. 
·   Proposals

· Option 1: Agree, only sDCI is considered

· Option 2: Do not agree, both single and multi-DCI are considered
· Recommended WF

· Companies to check this RAN1 agreement and more discussion is needed during the meeting. 

Discussion:
Xiaomi: we checked with our RAN1 colleageus, sDCI is not a prerequisite

Huawei: we would also like to check with our RAN1 colleagues

Apple: from what we checked, we have same understanding as Xiaomi

Ericsson: we mean Rel.17 group based reporting

LGE: same understanding as Xiaomi

Xiaomi: there are 2 different capabilities, group based reporting and Rel.17 group based reporting, we still need to check whether Rel.17 group based reporting is limited to sDCI.

Apple: we would also have to discuss whether requirements for sDCI/mDCI would be different or not

Qualcomm: some companies are saying that group based reporting is not a prerequisite for mDCI. 

Agreement:

Rel.15 group based reporting is not limited to sDCI

further check if Rel.17 group based reporting is limited to sDCI or not
FFS whether there will be any impact to RAN4 from these different reporting schemes
FFS whether mDCI/sDCI should be supported or not
Issue 1-1-4 [1]: Support of single-DCI and/or multi-DCI multi-TRP operation

· Proposals

· Option 1a (Xiaomi, Ericsson, ZTE): 

· To include both s-DCI and m-DCI m-TRP operation when defining RRM requirements.

· Option 1b (LGE): 

· Define RRM requirements for sDCI and mDCI multi-TRP operation if different requirements for both operations are identified.

· Option 1c (vivo): 

· RRM requirements are agnostic of single-DCI or multi-DCI. It is up to demodulation requirements whether multi-DCI multi-TRP is supported.

· Option 1d (OPPO):

· Single-DCI and multi-DCI multi-TRP scenarios is in the scope of this WI.

· Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified.

· Option 1e (NTT DOCOMO): 

· From justification analysis, there are no limitations for single or multi-DCI operation. As same as previous issue, single-DCI study should be the baseline for multi-DCI. Therefore single-DCI should be studied and completed first.

· Option 1f (Huawei): 

· For FR2 multi-Rx DL reception, it needs to be clarified how single-DCI/multi-DCI multi-TRP operation will impact the RRM requirements.

· Option 1g (Samsung): 

· 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 are to be considered.

· Whether to down-select some scenarios of multi-TRP can be further discussed after general assumption with respect to TRP are clarified

· Option 1h (Nokia): 

· Define generic RRM measurement requirements for single-DCI and multi-DCI multi-TRP operation

· Discuss sDCI and mDCI scenarios as part of the TCI switching delay

· Option 1i (Qualcomm): 

· A single DCI scheme is adopted for setting the UE RRM requirement. Multi-DCI scheme can be further discussed if the scenario of Multi-DCI is properly limited, e.g. intra-cell mTRP only, and RF requirement for Multi-DCI is defined.

· Option 2 (MTK): 

· Define RRM requirements for single-DCI multi-TRP operation only.

· Recommended WF

· Needs further discussion.

Discussion:
Apple: both features are optional, UE can support either/both/none. I do not see how we can prioritize one or the other. we should strive to define a common requirement. we should consider both equally
Ericsson: we support 1F and 1h, same as Huawei and Nokia

Qualcomm: we originally supported sDCI, at least to prioritize. we could do both but if we do mDCI, this will open the door to more complicated schemes like inter-cell. if we agree to do mDCI, it should be limited to intra-cell

Nokia: there are multiple options we could agree to, we do not want to preclude mDCI. preferred option 1f, 1h, 1a/1b/1c would also be agreeable
Vivo: supporting both could lead to different interpretation. mDCI should be in scope,demod requirements could be different. from an RRM perspective there should be no difference

Samsung: we do not see the necessity to remove mDCI, we do believe mDCI will provide more flexibility to the network. We agree with Qualcomm that mDCI should be restricted

Nokia: intra-cell vs. inter-cellshould not matter much to RRM

Qualcomm: if we consider inter-cell, multiple requirements will become more complicated

Agreement:

Consider both sDCI and mDCI
FFS on what limintations/restrictions to consider for mDCI

Group based beam reporting
The issue on whether RAN4 should discuss defining any special requirements for group based beam reporting is brought in one of the contributions and this requires discussion as this is an important part of the multi-Rx feature

Issue 1-6 [2]: Group based beam reporting
· Proposals

· Option 1: discuss if RAN4 needs to specify some condition/requirement for UE group-based beam reporting.
· Option 2: RAN4 does not need to define anything

· Option 3: RAN4 will need to define additional tests, to be discussed in the performance part
· Recommended WF

· TBA
Intra-cell vs. inter-cell support
Issue 1-1-3 [1]: Scenarios for Rel-18 multi-Rx DL reception

· Proposals

· Option 1 (CMCC, vivo, Xiaomi, LGE, Nokia, ZTE)

· Both intra-cell and inter-cell multi-TRP operation are supported for multi-Rx chain UE in the WI.

· It should be assumed that the receive timing difference for both scenarios is within CP length. (Xiaomi, LGE)

· Option 2a (Huawei, OPPO, Samsung)

· For FR2 multi-Rx DL reception, it is suggested that RAN4 works on intra-cell mTRP operation firstly and further study inter-cell mTRP operation at later stage.

· Option 2b (NTT DOCOMO): 

· Intra-cell multi-TRP study should be the baseline for inter-cell multi-TRP. Therefore intra-cell multi-TRP should be studied and completed first. If multi-TRP scenario should be limited only Rel-16 eMIMO study area, inter-cell multi-TRP can be out of scope.

· Option 2c (Intel): 

· For inter-cell multi-TRP, discuss whether measurement period can be reduced and scheduling restriction can be relaxed.

· Option 3a (Qualcomm, MTK): 

· Not to consider inter-cell mTRP operation in R18 multi-Rx WI

· Option 3b (Ericsson): 

· RAN4 shall focus intra-cell mTRP operation in R-18 multi-Rx UE

· Recommended WF

· Needs further discussion.

Discussion
Issue 1-2-1 [1]: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD

· Proposals

· Option 1a (Samsung): 

· 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 1b (Nokia): 

· simultaneousReceptionDiffTypeD should checked for its applicability to enhanced R-18 RAN4 RRM requirements.

· Option 2a (vivo): 

· Rel-16 UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception.

· New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs for L1 measurements is introduced

· Option 2b (ZTE): 

· The R16 UE capability simultaneousReceptionDiffTypeD is only applicable for PDSCH not even for PDCCH.

· It is preferred to introduce a new UE capability rather than reuse the existing R16 simultaneousReceptionDiffTypeD to indicate the support of simultaneous multi-panel reception from two directions in FR2-1.

· Option 2c (OPPO): 

· New UE capability of supporting simultaneous reception from different directions with different QCL type D RSs in R18 is preferred.

· Option 2d (Huawei): 

· For FR2 multi-Rx DL reception, we prefer not to reuse R16 UE capability IE simultaneousReceptionDiffTypeD-r16 which will lead to a misunderstanding that RRM requirements for supporting simultaneous reception from different directions with different QCL type D RSs need to be specified since R16.

· Option 2e (Ericsson): 

· Rel-16 UE capability simultaneousReceptionDiffTypeD cannot be directly applicable as an indication for UEs ability for multi-rx operation, since currently it is applicable only for PDSCH reception.
· Recommended WF

· Needs further discussion.
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