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Introduction
The discussion of Rel-16 beam correspondence did not achieve any agreements during the RAN4 #94-e meeting, and the summary of the related discussion can be found in [R4-2002890].  In an effort to focus the discussion, this email discussion summary includes only the following three topics and excludes proposals on further enhancement of beam correspondence:
Topic 1: beam correspondence based on SSB
Topic 2: beam correspondence based on CSI-RS
Topic 3: initial access beam correspondence
The 1st round discussion will focus on narrowing down the alternatives within each topic.
The 2nd round discussion will focus on developing a separate WF for each topic.
If companies find it useful, a document number has been reserved for a text proposal to TR38.831 [R4-2004711] with the goal of collecting the relevant background information and analysis for information.
Topic #1: Beam correspondence based on SSB
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003213
	Intel Corporation
	On SSB Based Beam Correspondence
Observation 1: RRM requirement on SSB based L1-RSRP measurement period provides UE at least 8 SSB blocks to perform Rx beam sweeping for serving cell.
Observation 2: measurement restriction for SSB based L1-RSRP measurement gives UE flexibility to decide which to measure between SSB based L1-RSRP and CSI-RS based L1-RSRP, RLM, BFD, or CBD if SSB and CSI-RS are within the same OFDM symbols and no requirement is defined on measurement period.
Observation 3: Scheduling availability of UE performing L1-RSRP measurement on FR2 allows UE to not transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI during SSB symbols configured for L1-RSRP measurement except for receiving certain RMSI control and data symbols.
Observation []: RRM requirement on SSB based L1-RSRP measurement period provides UE at least 8 SSB blocks to perform Rx beam sweeping for serving cells.
Proposal 1: Network needs to configure SSB resource for L1-RSRP measurement, including SSB-index configured for L1-RSRP measurement, TSSB, TSMTCperiod, TReport and DRX which is optional.
Proposal 2: For Rel-16 SSB based beam correspondence, the same performance as defined in Rel-15 should be kept in conformance test in RRC_CONNECTED mode under the condition that TL1-RSRP_Measurement_Period_SSB ms is minimum test time for each test grid.
Proposal 3: RAN4 does not introduce a requirement on initial access beam correspondence.

	R4-2003232
	LG Electronics
	Enhanced beam correspondence capability in rel-16 at FR2
Observation 1: If RAN4 define relaxed eBC requirements using SSB-based in rel-16, then RAN4 should test both rel-15 BC requirements and new eBC requirements since RAN4 do not guarantee whether or not meet the legacy BC requirements.
Observation 2: When RAN4 consider UE real beam operating algorithm, the best eBC reporting is that either SSB-based or CSI-RS based eBC capability is signaled to gNB, especially CSI-RS based eBC requirements to reduce the OTA test time and keep the legacy BC performance.
Proposal 1: RAN4 specify only CSI-RS resource based enhanced BC requirements in rel-16.
Proposal 2: Enhanced Beam Correspondence in rel-16 shall be optional. If UE support rel-16, then, the UE need to meet the enhanced BC requirements which performance is same as the existing BC performance in rel-15. Then the BC requirement in rel-15 will be skipped as mentioned in WF [4].


	R4-2003335
	Nokia, Nokia Shanghai Bell
	FR2 Beam Correspondence enhancements
Proposal 1: Re-use Rel-15 SSB conditions for beam correspondence requirements and test cases based on SSB only.
Proposal 2: CSI-RS is not configured for beam refinement (P3) of the enhanced beam correspondence requirements and test cases based on SSB only.

	R4-2003348
	Sony, Ericsson
	Views on SSB only and CSI-RS only beam correspondence
Observation 1: It is necessary and feasible for UE to form a narrow beam with SSB to ensure the UE works properly in field.
Observation 2: There is no inherent difference in terms of beam correspondence performance between SSB and CSI-RS under OTA test environment.
Observation 3: The standard deviation of the RSRP estimates coverges quickly when the number of REs is larger than 20 and the SNR = 6 dB.
Observation 4: Rel-15 BC test is declared automatically passed if a UE passes Rel-16 BC test using the same SSB configuration and SNR as in Rel-15.
Proposal 1: BC based on SSB requirement is feasible, and no performance relaxation is needed using the same SSB configuration and SNR as in Rel-15.
Proposal 2: If 0 dB relaxation would be defined for SSB only BC test with SNR = 6 dB, then the UE is allowed to skip the Rel-15 BC test if it passes the Rel-16 SSB BC test.

	R4-2003409
	Apple Inc.
	On SSB based beam correspondence requirements
Proposal 1: Considering a significant EIRP spherical performance degradation with SSB based BC, there can be two options
Option 1: Introduce a performance relaxation margin for SSB based BC. The exact margin is TBD
Option 2: No specify the requirements for SSB based BC.

	R4-2003468
	NTT DOCOMO, INC.
	Views on beam correspondence enhancement based on SSB in Rel-16
Proposal 1:Beam correspondence requirements based on only SSB should be specified in Rel-16.
Observation 1:According to Rel-15 test parameter for beam correspondence, the relationship between SSB and CSI-RS with repetition is “QCL-typeD”, i.e., both SSB and CSI-RS with repetition are transmitted by the same Tx beam from gNB and UE would assume the same spatial Rx parameters to receive both signals.
Observation 2:CSI-RS with repetition is not related to beam correspondence performance itself since it is configured to allow UE to test and decide the direction of Rx beam quickly
Proposal 2:There are no technical issues on beam correspondence even if CSI-RS is not provided.
Observation 3:Beam correspondence for initial access is the subset of the beam correspondence based on only SSB.
Proposal 3:Introduce the requirements on beam correspondence for initial access in Rel-16 and test parameters and requirements could be discussed based on the conclusion on beam correspondence based on only SSB.
Proposal 4:No need to introduce new UE capability for beam correspondence based on SSB only since the beam correspondence performance based on only SSB would be the same as that in Rel-15 except for the time for trying and deciding Rx beam. 
Proposal 5:Rel-16 UE shall support the beam correspondence performance based on only SSB as mandatory if UE can set the bit of UE capability on beam correspondence introduced in Rel-15.
Proposal 6: Test applicability rule between Rel-15 and Rel-16 should be clarified. For example, if Rel-16 UE has the UE capability on beam correspondence introduced in Rel-15, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15.

	R4-2004710
	Apple Inc.
	Remaining issues with beam correspondence in Rel-16
Observation 1: If we consider a beam refinement procedure based on SSB from the perspective of UE functionality under a sub-optimal network configuration which does not include CSI-RS for the P3 procedure, then it may be helpful to consider a requirement on SSB based beam correspondence with the understanding that performance between SSB based and SSB+CSI-RS based beam correspondence are taken into account, as summarized in [10].
Proposal 6: Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1) and are independent of the Rel-15 beam correspondence capability.
Proposal 7: RAN4 should discuss how to define a new capability related to Rel-16 beam correspondence enhancement.

	R4-2004711
	Apple Inc.
	TP to TR38.831: beam correspondence enhancement

	R4-2004756
	Huawei, HiSilicon
	On beam correspondence requirement for Rel-16
Observation 7: the current SSB configuration for Beam correspondence test have impact on the UL and DL beam match accuracy.
Observation 8: rough or fine beam selection in P1 procedure is compromise between search time and DL beam selection accuracy, whether refinement shall be fulfilled in P1 procedure in up to UE implementation.
Observation 9: rough beam DL beam search will cause 7dB SNR difference which is defined in TS 38.133.
Observation 10: UE using rough beam in P1 procedure cannot fulfill the RF requirement of beam correspondence defined in the current spec even side condition on SNR is increased by 7dB.
Observation 11: TRS QCL relation is the only option for DMRS of PDCCH, it is an unnecessary topic in RAN4 RF.
Proposal 4: For SSB only based BC, 3dB degeneration for both bit 1 and bit 0 UEs on Beam correspondence requirement shall be provided.
Proposal 5: the side condition for SSB only based beam correspondence shall be SNR ≥ 13dB which comply with TS 38.133.
Proposal 6: the side condition for DMRS of PDCCH are not only defined for beam correspondence requirement, it should be specified in RAN5 or RAN4 RMC.

	R4-2004886
	Qualcomm Incorporated
	FR2 Beam Correspondence using SSB only
Proposal 1: SSB-only based BC requirement is feasible without a performance relaxation
Proposal 2: PSD of RS used by the UE to achieve BC shall be the same regardless of RS type (minimum SSB SNR = 6dB)
Proposal 3: For SSB-based eBC, P3 CSI-RS is not configured.
Proposal 4: For SSB-based eBC, minimum TRS SNR is at least equal to the minimum SSB SNR, 6dB.

	R4-2004992
	Samsung
	Discussion on beam correspondence enhancement
Observation 1: relaxed MOP for SSB based BC means that SSB based BC is not feasible.
Observation 2: Two sets of MOP will introduce significant problems than expected. Two beam peak direction and two sets of side conditions for all other TX test cases make it unreasonable and unaffordable.
Observation 3: One possible solution to address the two sets of MOP issue is to set SSB based BC as an optional feature. If UE supports SSB based BC, then MOP based on SSB based BC will be considered as the unique MOP, and CSI-RS based BC test shall be skipped
Proposal 1: SSB based BC is not feasible, unless side condition can be guaranteed and two sets of MOP issue can be addressed



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: Remaining issues with BC based on SSB
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 1-1-1: Whether BC based on SSB requirement is feasible with FFS on whether and how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
· Proposals
· Alt 1-1-1-1: Is feasible with ∆p = 0 dB
· Alt 1-1-1-2: Is feasible with 0 < ∆p ≤ 3 dB
· Alt 1-1-1-3: Is not feasible
· Alt 1-1-1-4: Is not feasible, unless side condition can be guaranteed and two sets of MOP issue can be addressed; one possible solution is If UE supports SSB based BC, then MOP based on SSB based BC will be considered as the unique MOP, and CSI-RS based BC test shall be skipped
Issue 1-1-2: Side conditions
· Proposals
· Alt 1-1-2-1: (from last meeting’s WF) SSB min SNR level = 6 dB; P3 CSI-RS configuration is not used; Tracking CSI-RS min SNR = 6 dB
· Alt 1-1-2-2: SSB min SNR level = 13 dB; the side condition for DMRS of PDCCH are not only defined for beam correspondence requirement, it should be specified in RAN5 or RAN4 RMC
· Alt 1-1-2-3: Network needs to configure SSB resource for L1-RSRP measurement, including SSB-index configured for L1-RSRP measurement, TSSB, TSMTCperiod, TReport and DRX which is optional
Sub-topic 1-2: Capability aspects related to BC based on SSB
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 1-2-1: Optionality of BC based on SSB in Rel-16
· Proposals
· Alt 1-2-1-1: Optional
· Alt 1-2-1-2: UE shall support the beam correspondence performance based on only SSB as mandatory if UE can set the bit of UE capability on beam correspondence introduced in Rel-15, and there is no need to introduce new UE capability for beam correspondence based on SSB only since the beam correspondence performance based on only SSB would be the same as that in Rel-15 except for the time for trying and deciding Rx beam
Issue 1-2-2: Relationship to the Rel-15 capability
· Proposals
· Alt 1-2-2-1: Rel-16 beam correspondence enhancements can be applicable to both Rel-15 beam correspondence types of UEs (bit-0 and bit-1) and are independent of the Rel-15 beam correspondence capability
· Alt 1-2-2-2: If a UE supports Rel-16 BC and the UE is Rel-15 BC bit-0 UE, it is an invalid scenario and should not be allowed
· Alt 1-2-2-3: Introduce L1-SINR reporting in Rel-16 beam correspondence as enhancement to BC bit-0 UE, i.e. reducing the M_SRS value depending on UE measurement of L1-SINR
Issue 1-2-3: Test case applicability
· Proposals
· Alt 1-2-3-1: If UE supports SSB based BC, then MOP based on SSB based BC will be considered as the unique MOP, and CSI-RS based BC test shall be skipped
· Alt 1-2-3-2: If Rel-16 UE has the UE capability on beam correspondence introduced in Rel-15, UE only performs the test specified in Rel-16 and can skip the test specified in Rel-15.
· Alt 1-2-3-3: Rel-15 BC test is declared automatically passed if a UE passes Rel-16 BC test using the same SSB configuration and SNR as in Rel-15
Companies views’ collection for 1st round 
Open issues 
	Issue
	Company comments

	1-1-1: Whether BC based on SSB requirement is feasible with FFS on whether and how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
	Intel: Alt 1-1-1-1: Is feasible with ∆p = 0 dBQualcomm: We support Alt 1-1-1-1.
As for whether it should be specified or not;
· given that CSI-RS with repetition is an optional feature from network perspective, SSB only based BC should be specified. 
As for whether a requirement relaxation compared with Rel-15 is necessary;
· we don’t think it is necessary because in Rel-15 side conditions for SSB already assume the UE uses its narrowest beams. In order words, the SSB power per RE is not enough to reach the target SNR with rough beams. UE is expected to meet the same power class peak EIRP and spherical coverage EIRP requirements for any RS of equivalent SNR. Besides, considering that UE is given at least 150 SSB bursts (in 3sec) before performance measurement, we don’t think UE is not allowed to use more than 8 beams which is the number of beams assumed for CORE requirement of SSB-based L1-RSRP measurement.
As for whether two sets of MOP is really an issue;
· concern in 3044 about “If two sets of MOP with two sets of side conditions, it will be a problem which side condition shall be used for other TX test cases”: It is very limited to a few TX test cases, e.g. EIRP/MOP, and this can be avoided by introducing applicability rules which will be discussed later on.
· concern in 3044 about “Two sets of MOP test may produce two different beam peak direction, however, most of other TX test cases are based on unique beam peak direction. Two different beam peak direction will make other TX test cases ambiguous.”: No requirement that beam peck directions should be aligned
Samsung: prefer Alt 1-1-1-3: is not feasible. Alt 1-1-1-4 is also acceptable as compromise.
· We do not think a relaxed requirement for SSB based BC means feasible. SSB based BC is either feasible without relaxation or not feasible.
· If side condition can achieve consensus, then our main concern is the “two sets of MOP issue” as analyzed in our contribution. In our understanding, beam correspondence not only affect MOP test but also other TX test cases. The beam peak direction for other TX test cases should be aligned with the beam peak direction obtained from MOP. It is confusing that two beam peak directions for other TX test cases. It is not convinced to specify SSB based BC without addressing the “two sets of MOP issue”.

LGE: prefer Alt 1-1-1-3: is not feasible.
· LGE believe that the SSB-based eBC will not guarantee the legacy rel-15 BC requirements. So, need to satisfy the rel-15 BC requirements and additional meet the SSB-based eBC requirements. So it is quite burden due to OTA test time and test cost.
· Also Samsung mentioned “two set of MOP configuration” issues should be considered when RAN4 define both SSB-based BC and CSI-RS-based BC.
OPPO: Alt 1-1-1-4. 
Agree the MOP defined for potential Rel-16 SSB based BC has nothing to do with other requirements, it is purely verifying the BC. And if 0dB relaxation is chosen then our understanding is Rel-15 BC requirement can be avoided if UE can meet the Rel-16 SSB based BC. 

DCM: prefer Alt 1-1-1-1: is feasible with ∆p = 0 dB.
We have similar view as Qualcomm. In Rel-15, same Rx beam can be applied for both SSB and CSI-RS w/ repetition reception since SSB and CSI-RS are configured as QCL Type-D, i.e., NW transmits these signals from same Tx beam. Since SSB is QCL resource, UE could apply the same Rx beam as that in Rel-15 even if CSI-RS is not provided. In addition, UE knows the direction on SSB and can use fine Rx beam in BC test since only one SSB (one SSB-index) is transmitted from test equipment according to RAN5 and UE already detects this SSB when BC test is performed. 

SONY: Alt 1-1-1-1: Is feasible with ∆p = 0 dB. 
As CSI-RS is not compulsory to be configured in a real network for UE to run beam sweeping, a proper UE needs to form fine uplink beams towards the direction of DL signal, and thus there is no feasibility issue. 
In addition, the BC performance depends on the SNR level and RE numbers, and with properly selected side condition (e.g. SNR = 6 dB), it is also feasible for UE to meet the spherical coverage requirement without performance degradation. 
Nokia: We support: Alt 1-1-1-1: Is feasible with ∆p = 0 dB
Huawei:
We prefer Option 2. For option 4, we have following comments:
1. Even MoP can be guaranteed by SSB only, it is still possible that UE have 2 peak direction for SSB only and CSI-RS only respectively.
2. MoP is unique, but there is performance degradation from SSB-only test condition. MoP is for best beam which can be found by UL beam sweeping. 
3. The peak direction can be considered as the direction with UL beam sweeping.
4. SSB-only and CSI-RS only are 2 different scenarios, SSB-only cannot replace with CSI only. It is not reasonable to skip CSI-RS only BC is UE pass SSB-only BC.

Apple: Based on the simulation results provided last meeting and summarized in our paper this meeting, we prefer Alt 1-1-1-2. We appreciate Qualcomm’s detailed response to this issue and would like to provide the following comments from our side:
-	Although it is true that CSI-RS is an optional feature for the network, it is also true that a QCL relationship between SSB and PDSCH/PUSCH is not possible. CSI-RS provides this link and, in our understanding, it is the reference signal on which the UE relies to achieve the minimum requirement on max output power. Networks which deploy without CSI-RS are, in our understanding, suboptimal configurations, and the same UE performance level should not be expected. We have quantified this performance difference in our contributions.
-	The particular implementation described in Qualcomm’s contribution performs beam refinement based on the SSB signal when provided with a large number of SSB bursts, but this UE behavior is not required from the perspective of the RAN1 design and can lead to unstable mobility performance, since the UE has no knowledge how long the spatial information for SSB can be assumed to remain unchanged.  Furthermore, it is not clear to us whether this assumption (essentially, increasing the number of Rx beams for SSB based L1-RSRP beyond the maximum value agreed in the RRM specification) has any impact on the UE’s ability to meet RRM requirements according to TS38.133.
-	We believe it is possible to accommodate the network vendor request and to define a requirement on beam correspondence based on SSB.  The way to do this is to define a reasonable performance degradation due to the limitations on the number of beams which the UE can use when refining based on SSB only.
Ericsson: Alt. 1-1-1-1.

	1-1-2: Side conditions
	Intel: All proposals Alt 1-1-2-1 ,1-1-2-2, and 1-1-2-3 are needed. But SNR is 6dB not 13dB.
Qualcomm: We support Alt 1-1-2-1 along the same lines of our view in Issue 1-1-1.
Samsung: SNR for BC based on SSB only should be higher than that of Rel-15 to compensate the absence of CSI-RS, however, there is testability issue that higher SNR can not be achieved by TE.
DCM: prefer Alt 1-1-2-1 based on the reasons mentioned in Issue 1-1-1.
SONY: Alt 1-1-2-1: (from last meeting’s WF) SSB min SNR level = 6 dB; P3 CSI-RS configuration is not used; Tracking CSI-RS min SNR = 6 dB.
Nokia: We support Alt 1-1-2-1: (from last meeting’s WF) SSB min SNR level = 6 dB; P3 CSI-RS configuration is not used; Tracking CSI-RS min SNR = 6 dB
Huawei: Option 2. 
Apple: We are fine with the side conditions as they were proposed in the last meeting’s noted WF (Alt 1-1-2-1)
Ericsson: Alt. 1-1-2-1.

	1-2-1: Optionality of BC based on SSB in Rel-16
	Intel: Optional
Qualcomm: In general, we support Alt 1-2-1-2, but it’s too premature to say “the beam correspondence performance based on only SSB would be the same as that in Rel-15 except for the time for trying and deciding Rx beam”.
Samsung: Optional. It is not reasonable to mandatorily require UE to support beam refinement based on SSB only. CSI-RS plays the dominant role for beam refinement.
LGE: Optional. The mandatory feature is rel-15 BC requirements. If the UE support SSB-based eBC in rel-16, then the UE can skip the rel-15 requirements when the legacy BC requirements are applied to SSB-based eBC requirements in rel-16.
OPPO: Optional. We do not think the Rel-16 BC enhancement is something has to be supported by UE this is not critical issue for UE without this capability. And if UE support the Rel-16 SSB based BC then Rel-15 could be considered met.
DCM: Support Alt 1-2-1-2. The detailed condition can be discussed further.
SONY: Optional.
Nokia: In our view we should first agree the Rel-16 enhanced BC requirements and only after that decide mandatory vs optional and relation to the mandatory Rel-15 requirements.
Apple: Alt 1-2-1-1 (Optional)
Ericsson: Alt. 1-2-1-1 (optionality). The Rel-15 BC test is also applicable.

	1-2-2: Relationship to the Rel-15 capability
	MediaTek: We prefer “Alt 1-2-2-1” (#independent)
Qualcomm: We agree with Alt 1-2-2-2.
We disagree with Alt 1-2-2-3 because it creates a new UE capability based on a separate feature of L1-SINR reporting which RAN4 hasn’t thoroughly studied/verified in terms of M_SRS value.
Samsung: prefer Alt 1-2-2-3
· Rel-16 beam correspondence enables UE to perform beam correspondence based on only one RS, which does not mean bit-0 BC capability is precluded. So we don’t think Alt 1-2-2-2 is reasonable which precludes bit-0. Alt 1-2-2-3 provides an option for bit-0 UE that bit-0 BC is still allowed but can also be further enhanced. About Alt 1-2-2-1, we see necessity to keep both bit-1 and bit-0 but Rel-16 BC capability is not necessarily to be independent to Rel-15 capability.
LGE: there was no preferred option in 1-2-2. The eBC requirements in rel-16 will be applicable to both bit 0 and bit 1 UE for 2-20 feature. But the eBC capability is optional feature. Only BC in rel-15 is mandatory feature. If RAN4 define the eBC requirements with same peak/spherical EIRP requirements and same delta EIRP between EIRP1 and EIRP2, then the BC requirements in rel-15 will be skipped.
OPPO: Alt 1-2-2-1, should be independent from Rel-15 and regarding Alt 1-2-2-2 actually it depends on how the requirement are defined, relative high or low, and also the condition actually is not same.
DCM: Support Alt 1-2-2-2. 
SONY: Alt 1-2-2-2: If a UE supports Rel-16 BC and the UE is Rel-15 BC bit-0 UE, it is an invalid scenario and should not be allowed.
Nokia: In our view we should first agree the Rel-16 enhanced BC requirements and only after that decide mandatory vs optional and relation to the mandatory Rel-15 requirements.
Huawei:Option 1.
Apple: Alt 1-2-2-1 (independent)

	1-2-3: Test case applicability
	Intel: Alt 1-2-3-1 and Alt 1-2-3-3
Qualcomm: Though we support Alt 1-2-3-2 and Alt 1-2-3-3, to be clearer, we want to rephrase it as “Rel-16 UE supporting BC without UL beam sweeping, i.e. fulfils either SSB-only based BC requirement or CSR-RS based BC requirement if introduced in Rel-16, can skip Rel-15 BC test and declare it meets the requirement”.
Samsung: this issue depends on the final decision of Issue 1-1-1. If final decision to Issue 1-1-1 is that SSB based BC is feasible, then we prefer Alt 1-2-3-1, i.e. SSB based BC is the unique criteria for MOP when UE supporting SSB based BC. There is no conflict between Alt 1-2-3-1 and Alt 1-2-3-2. About Alt 1-2-3-2, the principle is no problem but also depends on the final decision to Issue 1-2-2.
LGE:  Alt 1-2-3-1 and Alt 1-2-3-2. Both options only test the eBC requirements either SSB-based or CSI-RS based eBC requirements in rel-16.  
OPPO: Alt 1-2-3-3 as explained above.
DCM: Support Alt 1-2-3-2 and Alt 1-2-3-3.
SONY: Alt 1-2-3-3: Rel-15 BC test is declared automatically passed if a UE passes Rel-16 BC test using the same SSB configuration and SNR as in Rel-15.
Nokia: In our view we should decide first the requirements and then these capability and test applicability aspects.
Huawei: SSB-only and CSI-RS only are 2 different scenarios, SSB-only cannot replace with CSI only. It is not reasonable to skip CSI-RS only BC is UE pass SSB-only BC.
We prefer Option 2, but UE should pass both SSB-only and CSI-RS only, then it can skip Rel-15 test.
Apple: we prefer to resolve the feasibility (Issue 1-1-1) first.  If a performance degradation for SSB based BC can be agreed as the core requirement, then a test case simplification could be a reasonable next step to undertake.
Ericsson: Alt. 1-2-3-3. The Rel-15 BC test automatically passed if a UE passes Rel-16 BC, if supported, using the same SSB configuration and SNR as in Rel-15


 
CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	1-1
	Issue 1-1-1: the following company views are captured regarding whether BC based on SSB requirement is feasible with FFS on whether and how much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present:
-	Alt 1-1-1-1: Intel, Qualcomm, NTT DOCOMO, Sony, Nokia, Ericsson (6)
-	Alt 1-1-1-2: Huawei, Apple (2)
-	Alt 1-1-1-3: Samsung, LGE (2)
-	Alt 1-1-1-4: Samsung, OPPO (2)
Companies are encouraged to seek a compromise on this issue during round 2.
Issue 1-1-2: the following company views are captured regarding the side conditions for BC based on SSB:
-	Alt 1-1-2-1: Qualcomm, NTT DOCOMO, Sony, Nokia, Apple, Ericsson
-	Alt 1-1-2-2: Huawei
-	Alt 1-1-2-3: 
-	Alt 1-1-2-4: All proposals Alt 1-1-2-1 ,1-1-2-2, and 1-1-2-3 are needed. But SNR is 6dB not 13dB (Intel)
-	Alt 1-1-2-5: SNR for BC based on SSB only should be higher than that of Rel-15 to compensate the absence of CSI-RS, however, there is testability issue that higher SNR can not be achieved by TE (Samsung)
Companies are encouraged to converge on a common understanding of the side conditions. One approach can be to consider combining aspects from the alternative proposals into a common view.

	1-2
	Issue 1-2-1: the following company views are captured regarding the optionality of BC based on SSB in Rel-16:
-	Alt 1-2-1-1: Intel, Samsung, LGE, OPPO, Sony, Apple, Ericsson (7)
-	Alt 1-2-1-2: Qualcomm, NTT DOCOMO (2)
NOTE: one company commented that it’s too premature to say “the beam correspondence performance based on only SSB would be the same as that in Rel-15 except for the time for trying and deciding Rx beam”
Companies are encouraged to converge on a common understanding of the optionality, considering that any impact on RAN2 signaling design should be decided during this meeting.
Issue 1-2-2: the following company views are captured regarding the relationship of Rel-16 BC enhancements to the Rel-15 BC capability:
-	Alt 1-2-2-1: MediaTek, OPPO, Huawei, Apple (4)
-	Alt 1-2-2-2: Qualcomm, NTT DOCOMO, Sony (3)
-	Alt 1-2-2-3: Samsung (1)
-	Alt 1-2-2-4: The eBC requirements in rel-16 will be applicable to both bit 0 and bit 1 UE for 2-20 feature. But the eBC capability is optional feature. Only BC in rel-15 is mandatory feature. If RAN4 define the eBC requirements with same peak/spherical EIRP requirements and same delta EIRP between EIRP1 and EIRP2, then the BC requirements in rel-15 will be skipped (LGE) (1)
Companies are encouraged to converge on a common understanding of the relationship of Rel-16 BC enhancements to the Rel-15 BC capability.
Issue 1-2-3: the following company views are captured regarding the test case applicability:
-	Alt 1-2-3-1: Intel, LGE
-	Alt 1-2-3-2: Qualcomm, LGE, NTT DOCOMO, Huawei
-	Alt 1-2-3-3: Intel, Qualcomm, OPPO, NTT DOCOMO, Sony, Ericsson
-	Alt 1-2-3-4: Rel-16 UE supporting BC without UL beam sweeping, i.e. fulfils either SSB-only based BC requirement or CSR-RS based BC requirement if introduced in Rel-16, can skip Rel-15 BC test and declare it meets the requirement (Qualcomm)
-	Alt 1-2-3-5: If final decision to Issue 1-1-1 is that SSB based BC is feasible, then we prefer Alt 1-2-3-1, i.e. SSB based BC is the unique criteria for MOP when UE supporting SSB based BC (Samsung)
-	Alt 1-2-3-6: If a performance degradation for SSB based BC can be agreed as the core requirement, then a test case simplification could be a reasonable next step to undertake (Apple)
This issue exhibits a significant divergence in views, and a number of companies have identified a dependency on Issue 1-1-1.  It is recommended not to pursue discussion of Issue 1-2-3 in round 2, unless Issue 1-1-1 is resolved.



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	Way forward on BC based on SSB
	Huawei





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2004711
	A document number has been reserved by Apple for a text proposal to TR38.831 [R4-2004711] with the goal of collecting the relevant background information and analysis for information (including company contributions made to this meeting). It will be provided as a draft for companies to review during round 2 of the discussion.



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: Beam correspondence based on CSI-RS
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003232
	LG Electronics
	Enhanced beam correspondence capability in rel-16 at FR2
Proposal 1: RAN4 specify only CSI-RS resource based enhanced BC requirements in rel-16.
Proposal 2: Enhanced Beam Correspondence in rel-16 shall be optional. If UE support rel-16, then, the UE need to meet the enhanced BC requirements which performance is same as the existing BC performance in rel-15. Then the BC requirement in rel-15 will be skipped as mentioned in WF [4].
Proposal []: RAN4 specify only CSI-RS based enhanced BC requirements in rel-16.

	R4-2003335
	Nokia, Nokia Shanghai Bell
	FR2 Beam Correspondence enhancements
Proposal 3: Re-use the Rel-15 CSI-RS conditions for Rel-16 beam correspondence requirements based on CSI-RS only
Proposal 4: Use Method 3 (SSB and CSI-RS are present, but SSBâ€™s PSD is back-off by XdB from CSI-RS) in [2] for ensuring that the the UE uses only CSI-RS in the beam correspondence test case based on CSI-RS only.
Proposal 5: Potential UE measurement and test requirement enhancements should be discussed and done separately from the ongoing main Rel-16 beam correspondence enhancements of [1].

	R4-2003409
	Apple Inc.
	On SSB based beam correspondence requirements
Proposal 1: Considering a significant EIRP spherical performance degradation with SSB based BC, there can be two options
Proposal 2: no initial access related requirements including BC requirements should be introduced.

	R4-2003876
	Ericsson, Sony
	SSB/CSI-RS only and initial-access BC tests
Observation 1: For the BC test with single test probe, the CSI-RS â€œonlyâ€ test in current scope would be more of a â€œfunctionalâ€ test.

	R4-2004756
	Huawei, HiSilicon
	On beam correspondence requirement for Rel-16
Observation 1: Periodic CSI-RS beam management can be configured as QCL-info=â€™noneâ€™ which is justified with RAN1/2 specification.
Observation 2: if periodic CSI-RS (P1 CSI-RS) QCL-ed with SSB, it actually a beam correspondence test case with both SSB and CSI-RS provided, which violates the objective in the WID.
Observation 3: If possible, we could define a new type test case for UEs which do not support CSI-RS only beam correspondence, we can name it as: CSI-RS with SSB assisted beam correspondence.
Observation 4: UEs support CSI-RS only beam correspondence can support CSI-RS with SSB assisted beam correspondence in nature.
Observation 5: If we introduce the CSI-RS with SSB assisted beam correspondence test for UEs do not support CSI-RS only BC, the PSD difference should be decided by a calibration procedure that the procedure can find a SSB signal that makes the âˆ†EIPRY dB.
Observation 6: Problems raised in [2] are not correct understanding on beam management protocol.
Observation 7: the current SSB configuration for Beam correspondence test have impact on the UL and DL beam match accuracy.
Proposal 1: For CSI-RS only beam correspondence, periodic CSI-RS (P1 CSI-RS) QCL relation should be configured as â€˜noneâ€™ to ensure the test condition on CSI-RS only.
Proposal 2: For CSI-RS only based Beam correspondence, both periodic and aperiodic CSI-RS shall be provided to the UE, the exact configuration is as in Table 1.
Proposal 3: the side condition for CSI-RS only based beam correspondence shall be SNR ≥ 6dB.


	R4-2004887
	Qualcomm Incorporated
	Beam management CSI-RS design for BC requirement
Observation 1: There is neither a default QCL assumption nor a subsequent UE behaviour in RAN1 when qcl-TypeD of periodic CSI-RS is absent in FR2
Observation 2: There will be technical implementation issues when P1 CSI-RS is configured with qcl-typeD = â€˜noneâ€™
Observation 3: There is no such a test case where a source of qcl-TypeD of periodic CSI-RS is not configured even though it aims to verify UE performances based on configured periodic CSI-RS
Proposal 1: Parameters for CSI-RS based Beam Correspondence test shall be per Table 1
Proposal 2: RAN4 defines CSI-RS based eBC requirement by Method-3 below
Proposal []: Parameters for CSI-RS based Beam Correspondence test shall be as captured in Table 1, and reproduced below in compact form

	R4-2004992
	Samsung
	Discussion on beam correspondence enhancement
Observation 4: Alt 2-1 (X dB back off method) can not guarantee effective â€œCSI-RS onlyâ€ condition for all AoAs
Observation 5: Alt 2-3 (P1 CSI-RS QCL â€˜noneâ€™) can not prevent UE to use SSB for beam correspondence even without considering feasibility issue.
Proposal 2: apply Alt 2-2 (decreasing SSB power to threshold) as the method to achieve â€œCSI-RS onlyâ€ condition for CSI-RS based beam correspondence, i.e., decreasing power level of SSB by using UE measurement report of SS-SINR until the reported SS-SINR get to the preset threshold. The threshold can be further discussed.
Proposal 3: Introduce L1-SINR reporting in Rel-16 beam correspondence as enhancement to BC bit-0 UE, i.e. reducing the M_SRS value depending on UE measurement of L1-SINR



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: Remaining issues with BC based on CSI-RS
Sub-topic description:
Open issues and candidate options before e-meeting:
[bookmark: _Hlk38035056]Issue 2-1-1: The method to achieve “CSI-RS only” condition
· Proposals
· Alt 2-1-1-1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
· X is either 3 or 6; CSI-RS SNR = [6]; define ∆EIRPBC CDF, s.t. UE relying on SSB-only for beam refinement cannot meet the requirement but UE using CSI-RS can satisfy the requirement; Further optimization can be considered, e.g. decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
· Alt 2-1-1-2: Decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
· Alt 2-1-1-3: According to the procedure in 4756:
· Provide SSB only signal with SNR=X to the UE, measure the EIRP value for corresponding beam
· Reduce SSB only signal with ∆SNR=2dB granularity to the UE, measure the EIRP value with beam correspondence until the ∆EIPR>Y dB, where ∆EIPR means the difference between corresponding beam and best beam.
· Make SSB SNR with the condition that ∆EIPR>Y dB, record the SSB signal SNR as Z
· Decide on PSD difference for CSI-RS and SSB according to the calibration procedure
· The method shall correspond to a deployment scenario
· companies are encouraged to provide the corresponding deployment scenario together with the preferred method in the first round of email discussions

Issue 2-1-2: Side conditions
· Proposals are summarized in the table below
· Alt 2-1-2-1: according to the noted WF from the last meeting (R4-2002822)
· Alt 2-1-2-2: according to 4756
· Alt 2-1-2-3: according to 4992
	Parameter
	Alt 2-1-2-1 (R4-2002822)
	Alt 2-1-2-2 (4756)
	Alt 2-1-2-3 (4992)

	P1 CSI-RS configuration
	Yes
	Yes
	Yes

	P1 CSI-RS periodicity
	Slot80(120kHz)
	Slot80(120kHz)
	TBD

	P1 CSI-RS QCL info
	qcl-TypeD to SSB
	qcl-TypeD to ‘none’
	qcl-TypeD to SSB

	
	
	
	

	P2 CSI-RS configuration
	No
	No
	

	
	
	
	

	P3 CSI-RS configuration
	Yes
	Yes
	Yes

	P3 CSI-RS repetitions per resource set
	maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand
	maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand
	maxNumberRxBeam in UE capability IE of MIMO-ParametersPerBand

	P3 CSI-RS configuration repetition
	
	
	On

	P3 CSI-RS trigger
	
	
	once P1 CSI-RS is finished

	P3 CSI-RS QCL info
	qcl-TypeC to SSB and qcl-TypeD to SSB
	qcl-Type D to P1 CSI-RS
	qcl-Type D to P1 CSI-RS

	
	
	
	

	Tracking CSI-RS periodicity
	
	
	Reuse Rel-15



Sub-topic 2-2: Capability aspects related to BC based on CSI-RS
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-2-1: Whether the BC based on CSI-RS capability is separate from BC based on SSB
NOTE: No contribution explicitly mentioned this, but it is worthwhile to check whether RAN4 has a common understanding
· Proposals
· Alt 2-2-1-1: No
· Alt 2-2-1-2: Yes
Companies views’ collection for 1st round 
Open issues 
	Issue
	Company comments

	2-1-1: The method to achieve “CSI-RS only” condition
	Qualcomm: 
We support Alt 2-1-1-1 and propose a lowerupper limit of X as 9dB based on our field observation which also satisfies a request of “The method shall correspond to a deployment scenario”. According to the observation during field test trials, CSI-RS based RSRP can be up to 7-9dB higher than SSB based RSRP due to a finer beam shape.
As for a further optimization of Alt 2-1-1-1 and Alt 2-1-1-2, we don’t think SSB should be invisible to the UE for the all test directions as UE BC requirement will be determined at a specific percentile of CDF. Besides, it can be error-prone particularly in a low SNR regime.
As for Alt 2-1-1-3, we don’t think it is acceptable because of (1) a case where UE doesn’t support SSB only BC and (2) a case where UE may keep the last beam even after it disappears which ends up decreasing Z unexpectedly.

Samsung: support Alt 2-1-1-2, i.e. decrease SSB power to a threshold for each AoA.
· Alt 2-1-1-1 (SSB PSD X dB back off) can not guarantee low enough SSB signal for the directions near to beam peak. Beam correspondence requirement is not only spherical EIRP but also peak EIRP. Thus the side condition for peak direction shall also be guaranteed.
· Alt 2-1-1-3 (SSB PSD calibration) assumes SSB based BC has to be supported, however, in our understanding SSB based BC optional feature for UE. Moreover, the calibration procedure brings too much suffer even to bit-1 UE while the benefits are not obvious since the relationship between ∆EIPR and ∆SNR is not linear.
· Our understanding is only Alt 2-1-1-2 can guarantee side condition for CSI-RS based BC.
About deployment scenario, we don’t think it is necessary to exactly match with deployment scenario for RF test especially for CSI-RS based BC where preventing UE to make use of SSB for beam correspondence should be guaranteed. In deployment scenario, even network configured CSI-RS based BC to UE, UE can still rely on SSB for beam refinement depending on UE implementation. To Distinguish Rel-15 BC and Rel-16 BC, BC test side condition is not necessary to match deployment scenario.LGE: prefer Alt 2-1-1-1, the CSI-RS can be boosted, so relative power backoff is reasonable in real field.
OPPO: Alt 2-1-1-1 or Alt 2-1-1-2, considering the long spherical testing time we prefer to use a simple way to save the testing time.
SONY: With all the candidate solution, we prefer Alt 2-1-1-1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS. 
However, we believe that the important thing here is that the proposed method must be able to link to a real-life scenario, which ensures the additional test introduced in Rel-16 is meaningful, as explained in R4-2003876.
The CSI-RS tests as above would be more of a “functional test” that the UE can select its TX beam also based on the CSI-RS “only” with SSB attenuated. The UEs is likely to use CSI-RS, particularly for P3 (RX beam refinement), which in somehow become similar to Rel-15 BC test.
Nokia: Alt 2-1-1-1
Huawei: if SSB and CSI-RS are both provided, we propose it is called CSI-RS with SSB assisted beam correspondence. Our contribution proposal is for the UE type which do not support CSI-RS only.
If CSI-RS only, SSB should not be QCL-ed, it can ensure UE will not use SSB for beam measurement under connected mode.
Ericsson: Alt. 2-1-1-1. This is the only one that has a bearing on conditions in the field, CSI-RS BC in the presence of an attenuated SSB in the background. The test is still a “functional” test of the DL estimation based on CSI-RS, the test probe is the same for both the SSB and CSI-RS in the same beam. The SSB attenuation could be greater than 6 dB.

	2-1-2: Side conditions
	Qualcomm: We support Alt 2-1-2-3 with updates of ‘P2 CSI-RS configuration=No’
As for Alt 2-1-2-2, we provide our technical responses to the following problems in 4756
· Problem 1: it is correct that the CR is about CSI-RSs for CSI. However, what it tried to resolve and discuss was a general QCL associations and floating QCL relations of periodic CSI-RSs to clearly define a subsequent UE behaviour.
· Problem 2: we think periodic CSI-RS resources with much shorter periodicity than SSB, e.g. 4ms, is undesirable from network resource utilization and UE data traffic efficiency perspectives. And if UE has to run BM based on periodic CSI-RS without any help from SSB which should be available to the UE, it’s energy and time consuming.
· Problem 3: in such a high-speed scenario, SSB based BM and link management should be more reliable/stable.
· Problem 4: we don’t think implementing two independent BM engines is a mandatory for UE supporting CSI-RS based BM. We think it is unnecessary for the UE to have two distinct BW algorithms to prove CSI-RS based beam refinement.
Samsung: support Alt 2-1-2-3 as proposed in our contribution (4992) and share the same view with Qualcomm that P2 CSI-RS configuration shall not be configured.
LGE: prefer alt 2-1-2-3 with P2 CSI-RS configuration is not needed.
OPPO: Alt 2-1-2-3
Huawei: Option 2. RAN1 provides the possibility on QCL relation=’none’ configured for P1-CSI-RS, we can utilize it as side condition to ensure on the test condition. If it is not allowed, we believe RAN1/2 would not keep it in the current spec.

	2-2-1: Whether the BC based on CSI-RS capability is separate from BC based on SSB
	Qualcomm: We support Alt 2-2-1-2.
Samsung: before show our preference we’d like to make clear about this issue description to make sure common understanding to this issue. If separate BC capability means that UE can support bit-1 for CSI-RS based BC but also support bit-0 for SSB based BC (or vice versa), then we support Alt 2-2-1-1 (No). In our understanding, bit-1 for SSB and bit-0 for CSI-RS (or vice versa) is not valid.
LGE: Need more clear understanding. Actually, LGE prefer either capability should be reported to gNB. Both capabilities reporting from UE is not valid.
OPPO: Alt 2-2-1-2
Nokia: CSI-RS based and SSB based BC are separate UE features but this does not mean separate UE capability signalling. UE capability signalling is separate discussion. Rel-16 UE should support both of the enhanced BC requirements.
Huawei: From Approved WF of RAN#86, no additional capability will be defined for Rel-16 BC.
Apple: Alt 2-2-1-2 (Yes)


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	2-1
	Issue 2-1-1a: the following company views have been captured regarding the method to achieve “CSI-RS only” condition:
-	Alt 2-1-1-1: Qualcomm, LGE, OPPO, Sony, Nokia, Ericsson
-	Alt 2-1-1-2: Samsung, OPPO
-	Alt 2-1-1-3: Huawei
-	Alt 2-1-1-4: if SSB and CSI-RS are both provided, we propose it is called CSI-RS with SSB assisted beam correspondence (Huawei)
NOTE: some companies have also proposed further optimizations of Alt 2-1-1-1 or Alt 2-1-1-2 in their comments
Issue 2-1-1b: the following company views have been captured regarding the deployment scenario applicable to the “CSI-RS only” condition:
-	According to the observation during field test trials, CSI-RS based RSRP can be up to 7-9dB higher than SSB based RSRP due to a finer beam shape
-	We don’t think it is necessary to exactly match with deployment scenario for RF test especially for CSI-RS based BC where preventing UE to make use of SSB for beam correspondence should be guaranteed
-	The CSI-RS tests as above would be more of a “functional test” that the UE can select its TX beam also based on the CSI-RS “only” with SSB attenuated. The UEs is likely to use CSI-RS, particularly for P3 (RX beam refinement), which in somehow become similar to Rel-15 BC test
-	The test is still a “functional” test of the DL estimation based on CSI-RS, the test probe is the same for both the SSB and CSI-RS in the same beam. The SSB attenuation could be greater than 6 dB
Companies are encouraged to seek a common understanding on Issue 2-1-1a. Based on the company responses to Issue 2-1-1b, it appears to have been resolved. 
Issue 2-1-2: the following company views have been captured regarding the side conditions for BC based on CSI-RS:
-	Alt 2-1-2-2: Huawei (1)
-	Alt 2-1-2-3, Qualcomm, Samsung, LGE, OPPO (4)
It appears that the major obstacle to reaching agreement is whether companies have the same understanding regarding the feasibility of the qcl-TypeD=’none’ configuration. Although a majority view seems to be developing around Alt 2-1-2-3, such a fundamental disagreement about the RAN1 design of CSI-RS is surprising. Companies are encouraged to seek a compromise to resolve this issue during the round 2 discussion.

	2-2
	Issue 2-2-1: the following company views have been captured regarding whether the BC based on CSI-RS capability is separate from BC based on SSB:
-	Alt 2-2-1-1 (No): 
-	Alt 2-2-1-2 (Yes): Qualcomm, OPPO, Apple
-	Alt 2-2-1-3: If separate BC capability means that UE can support bit-1 for CSI-RS based BC but also support bit-0 for SSB based BC (or vice versa), then we support Alt 2-2-1-1 (No). In our understanding, bit-1 for SSB and bit-0 for CSI-RS (or vice versa) is not valid (Samsung)
-	Alt 2-2-1-4: either capability should be reported to gNB. Both capabilities reporting from UE is not valid (LGE)
-	Alt 2-2-1-5: CSI-RS based and SSB based BC are separate UE features but this does not mean separate UE capability signalling. UE capability signalling is separate discussion. Rel-16 UE should support both of the enhanced BC requirements (Nokia)
-	Alt 2-2-1-6: From Approved WF of RAN#86 [RP-193204], no additional capability will be defined for Rel-16 BC (Huawei)
Companies are encouraged to converge on a common understanding of the optionality, considering that any impact on RAN2 signaling design should be decided during this meeting.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	Way forward on BC based on CSI-RS
	Samsung





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #3: Initial access beam correspondence
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003335
	Nokia, Nokia Shanghai Bell
	FR2 Beam Correspondence enhancements
Proposal 6: Potential UE requirements for beam correspondence during initial access should be discussed and developed as potential additional beam correspondence requirement and test case enhancements.

	R4-2003409
	Apple Inc.
	On SSB based beam correspondence requirements
Proposal 2: no initial access related requirements including BC requirements should be introduced.

	R4-2003468
	NTT DOCOMO, INC.
	Views on beam correspondence enhancement based on SSB in Rel-16
Proposal 3:
Introduce the requirements on beam correspondence for initial access in Rel-16 and test parameters and requirements could be discussed based on the conclusion on beam correspondence based on only SSB.

	R4-2003876
	Ericsson, Sony
	SSB/CSI-RS only and initial-access BC tests
Proposal 1: introduce a BC test for initial access as proposed in the CR [3].

	R4-2003877
	Ericsson, Sony
	Verification of beam correspondence during initial access
CR to 38.101-2 #draft v16.3.1
Reason for change: 
Introduce requirements on beam correspondence during initial access. 

Beam corrspondence is critical during the intial access procedure: coverage during the RACH procedure is essential, there is no uplink beam management procedure for intial access unlike for connected mode operation. Poor BC during initial access will significantly increase the delay time. Moreover, the BC in PRACH can also affect the beam failure recovery process since the BFR is basically a PRACH connection. 
The existing test for verification of beam correspondence (BC) in clause 6.6.4 only covers connected mode operation. The TX/RX beam(s) may also be different during the RACH procedure. 
Summary of change: 
New clause 6.6.2: the following test procedure is introduced 
â€¢ Measure the spherical coverage of the random access preamble 
â€¢ Normalise the resulting CDF obtained with the measured radiated preamble power (EIRP) in the direction of maximum over the sphere; the spherical coverage requirement (percentile) is relative to the maximum radiatied power measured over the sphere to verify the omni-directionality of RACH (subject to an additional minimum requirement on the absolute power in the direction of the maximum) 
â€¢ Evaluate Msg2 reception in the direction of maximum radiated preamble power and a direction of radiated preamble power that is M dB lower than the maximum radiated preamble power (measure of the correspondence between the TX and RX beams) 
The OTA parameters for the test are similar to those used for veification of the random access procedure in the TS 38.133 but with parameters that ensure maximum preamble transmission power. The SSB_RP shall be sufficiently high to allow a measurement of the RAR reception in directions with preamble power below the 50th percentile (M dB below the maximum). 
Consequences if not approved: 
Beam correspondence is critical during for the intial access procedure during initial access but would not be verified, nor would the spherical coverage of preamble transmissions. 
Clauses affected: 
6.6.2

	R4-2004710
	Apple Inc.
	Remaining issues with beam correspondence in Rel-16
Observation 1: If we consider a beam refinement procedure based on SSB from the perspective of UE functionality under a sub-optimal network configuration which does not include CSI-RS for the P3 procedure, then it may be helpful to consider a requirement on SSB based beam correspondence with the understanding that performance between SSB based and SSB+CSI-RS based beam correspondence are taken into account, as summarized in [10].
Proposal 1: RAN4 shall not define any requirements on initial access.
Proposal 2: RAN4 shall consider whether a requirement is needed to verify UE beam refinement when CSI-RS for P3 procedure is not present.

	R4-2004885
	Qualcomm Incorporated
	On FR2 Initial access beam correspondence
Observation 1: TRx beam (mis)alignment characteristics between rough beam and fine beam have not been analysed
Observation 2: How many beam widths UE supports is up to UE implementation
Observation 3: Which beam width UE uses at a specific moment and during any procedure cannot be specified unless UE should transmit UL channel/signal with the maximum transmission power
Observation 4: Msg1 based initial access BC property can be verified by SSB-only based Rel-16 eBC, if introduced, unless one wants to introduce a new test specific UE behaviour that forces UE to use rough beam



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: Feasibility of initial access beam correspondence
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 3-1-1: Whether RAN4 shall introduce a requirement on initial access beam correspondence
· Proposals
· Alt 3-1-1-1: Yes
· Alt 3-1-1-2: No
· Alt 3-1-1-3: Msg1 based initial access BC property can be verified by SSB-only based Rel-16 eBC, if introduced, unless one wants to introduce a new test specific UE behaviour that forces UE to use rough beam
Companies views’ collection for 1st round 
Open issues 
	Issue
	Company Comments

	3-1-1: Whether RAN4 shall introduce a requirement on initial access beam correspondence
	Intel: Alt 3-1-1-2: No
MediaTek: Alt 3-1-1-2: No
Qualcomm: We support Alt 3-1-1-3 with an update that ‘Msg1 based initial access BC property can be verified by SSB-only based Rel-16 eBC, if introduced without relaxations relative to Rel-15, unless one wants to introduce a new test specific UE behaviour that forces UE to use rough beam’
Samsung: Alt 3-1-1-2: No. It is better to focus on SSB based BC and CSI-RS based BC within Rel-16. Further discussion can be based on the outcome of Rel-16 SSB based BC.
LGE: prefer Alt 3-1-1-2: No
OPPO: Alt 3-1-1-2
DCM: Prefer Alt 3-1-1-1, but at first we would like to focus on SSB based BC.
SONY: Alt 3-1-1-1: Yes. 
We would firstly like to mention that for current SSB only BC test, it focuses on testing the UE performance in connected mode, but not during the initial access. As the UE may use a lower EIRP in initial access compared to connected mode, we think it is very important to have such a test.
In addition, we would like to clarify that the test proposed in R4-2003876 focus on examining the similarity between the Tx and Rx beam. Therefore, it is agnostic for the beam pattern that the UE would use during the initial access, the test works for both rough beam and fine beam pattern during the initial access. 
Huawei: FR2 MoP is defined for all physical channels, no unique requirement for PRACH is needed. However, the power control procedure is not the same as PUSCH, current RAN2 spec allows some implementation space for initial access to reach a better access delay. So our preference would be option 2. 
Apple: We support Alt 3-1-1-2 (No). Somewhat echoing (or refracting?) the Qualcomm comment, if SSB based BC is introduced with a non-zero relaxation, then the UE’s ability to refine its Tx beam when sending Msg1 can be verified using the SSB-based BC requirement.
Ericsson: Alt. 3-1-1-1. Yes. The network relies on BC during initial access, no beam management available, and the UEs are most likely not using different antenna beams during RACH transmission. Hence not verified by any of the present tests for connected mode. The proposed test verifies the correlation between the TX and RX beams – beam correspondence! No need to discuss whether or not this test corresponds to a scenario in the field.


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	3-1
	Issue 3-1-1: the following company views have been captured regarding whether whether RAN4 shall introduce a requirement on initial access beam correspondence:
-	Alt 3-1-1-1 (Yes): NTT DOCOMO, Sony, Ericsson
-	Alt 3-1-1-2 (No): Intel, MediaTek, Samsung, LGE, OPPO, Huawei, Apple
-	Alt 3-1-1-3a (Msg1 based initial access BC property can be verified by SSB-only based Rel-16 eBC, if introduced without relaxations): Qualcomm
-	Alt 3-1-1-3b (if SSB based BC is introduced with a non-zero relaxation, then the UE’s ability to refine its Tx beam when sending Msg1 can be verified using the SSB-based BC requirement): Apple
This issue exhibits a significant divergence in views, and a number of companies have identified a dependency on Issue 1-1-1.  It is recommended not to pursue discussion of Issue 3-1-1 in round 2, unless Issue 1-1-1 is resolved.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”




