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[bookmark: _Toc79478134]Introduction
This email thread discusses the maintenance of phase continuity requirements and measurement issues for DMRS bundling in NR coverage enhancements WI, including the following topics:
· Topic #1: Phase continuity requirement for DMRS bundling
· Topic #2: Measurements and test setup

List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: 
· Invite comments on the recommended WF under each issue in section 1.2 and 2.2.
· Invite comments on the CRs and LS in section 1.3.2 and 2.3.2.
· 2nd round: 
· 1 sub-thread on DMRS bundling requirements, with email title ‘[101-bis-e][130] NR_cov_enh_maintenance - requirement’, and cover the following tdocs (sub-thread led by China Telecom) 
· #1-1: WF on DMRS bundling for CA, SUL and FR2-2 (CTC), capturing the following issues:
· Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO and TxD
· Sub-topic 1-2: Phase continuity requirements for CA/DC
· Sub-topic 1-3: Phase continuity requirements for SUL band
· Issue 1-4-2: DMRS bundling to FR2-2
· #1-2: LS to RAN1/2 on DMRS bundling (MediaTek), capturing the following issues:
· Issue 1-4-1: Restriction on modulation order for FG 30-4
· Sub-topic 1-2: Phase continuity requirements for CA/DC, if any progress can be made
· Sub-topic 1-3: Phase continuity requirements for SUL band, if any progress can be made
· Issue 1-4-2: DMRS bundling to FR2-2, if any progress can be made
· #1-3: draft CR to TS 38.101-1/2: Maintenance of phase continuity requirements for DMRS bundling (MediaTek), capturing the following issues:
· Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO (for FR1 and FR2) and TxD (for FR1), if any spec change is needed
· Issue 1-4-3: Further clarification on exceptions for phase tolerance (power control behaviour)
· Issue 1-4-4: Composite Tx signal impact in FR2
· Issue 1-4-5: Removal of square brackets on the requirements, if agreeable
· #1-4: CR on DMRS for CA (QC)
· #1-5: CR on DMRS for SUL (HW)
· #1-6: Revision of updated summary of RF agreements for NR coverage enhancements WI (CTC)
· Moderator’s note: To capture additional agreement according to offline comment
· #1-7: CR on DMRS bundling phase offset Requirment FR1, on SCS for FR1 test (E///)
· Moderator’s note: If it is agreeable to restrict the test on 30 kHz for FR1, the CR in R4-2209458 is agreeable; otherwise the CR is not pursued.
· 1 sub-thread on measurements, with email title ‘[103-e][112] NR_cov_enh_maintenance - measurement’, and cover the following tdocs (sub-thread led by Ericsson)
· #2-1: LS to RAN5 on measurement of phase continuity requirements for DMRS bundling (E///), capturing the following issues:
· Issue 2-1: Frequency correction for phase tolerance test
· Sub-topic 2-3: Necessity and approach of testing multiple bundles
· #2-2: CRs on DMRS bundling phase offset measurement FR1 and FR2 (E///, Anritsu), capturing the following issues:
· Issue 1-4-6: SCS for FR1 test, if option 2 with new TDD pattern for 15kHz can be agreeable
· Issue 2-2-1: OFDM symbols for deriving the phase value
· Issue 2-2-2: Phase offset measurement
· Issue 2-2-3: Average of phase tolerances within one bundle
· Issue 2-2-4: Time offset
To the owners of the above tdocs: please send email to reflector when the draft tdocs are uploaded in the respective sub-folders in the draft inbox.
To all participated companies: please add your comments directly in each of the tdocs and upload a new version in the draft inbox. 

Topic #1: Phase continuity requirement for DMRS bundling
[bookmark: _Toc79478136]Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2207861
	China Telecom
	Updated summary of RF agreements for NR coverage enhancements WI. For information

	R4-2210081
	MediaTek (Chengdu) Inc.
	DMRS bundling – UE RF “maintenance” aspects
Proposal 4: Only consider specification of single layer UL MIMO RAN4 requirements in Rel-17.
Proposal 5: Phase tolerance requirements shall be verified per antenna “connector” for FR1 for all UL MIMO scenarios.
Proposal 6: Phase tolerance requirements for FR2 need further investigation as to the composite signal impact before the values in square brackets can be confirmed and square brackets removed. 
Proposal 7: It would make sense for a note to be added to the capability description, such as “NOTE: Applicable modulation orders are according to requirements in 38.101-1 and 38.101-2”
Proposal 8: Add the following sentence to the power change bullet: “This does not imply any change to TS38.213 section 7.1.1 and 7.2.1 behaviour applicability.”
Proposal 9: Clarify in 38.101-1, 38.101-2, and 38.101-3 that DMRS bundling requirements do not apply in the case that UL CA and MR-DC are configured in the UE. MediaTek would be happy to draft the CRs.

	R4-2207657
	Qualcomm Incorporated, China Telecom, T-Mobile USA, Verizon, CMCC
	Discussion on additional requirements for DMRS bundling
Proposal 1: Clarify in specification that the DMRS bundling requirements for FR1+FR2 CA and DC apply per CC.
Proposal 2: Define requirements for EN-DC for FR2 DMRS bundling.    
Proposal 3: Define requirements for DMRS bundling for DL CA.

	R4-2210215
	Qualcomm Incorporated
	Handling of CA for DMRS bundling
Observation 1: UE may be out of UL coverage for two bands when it is in DL coverage for the same bands and using DMRS bundling one of the bands for PUCCH helps to extend the UL coverage 
Observation 2: When UE is configured for UL CA, DMRS bundling helps to extend the UL coverage and improve the link reliability  
Observation 3: Extending UL CA coverage to case B or C would need discussions on requirements in other sections than transmit signal quality.
Observation 4: UE may have challenges in  maintaining phase continuity when it is configured for CA that do not exist in single band case    
And following proposals:
Proposal 1: Define inter-band UL CA requirements for DMRS bundling. 
Proposal 2: Define the capability for DMRS bundling per band per band combination. 
Proposal 3: Inform RAN1 that the DMRS bundling capabilities should be per band per band combination

	R4-2207659
	Qualcomm Incorporated, China Telecom, T-Mobile USA, CMCC, Nokia
	CR 38.101-1 DMRS for CA
Clarifying CA requirements for DMRS bundling

	R4-2207695 (Not available)
	Apple
	On coverage enhancement combined with UL MIMO

	R4-2207862
	China Telecom
	Maintenance of phase continuity requirements for DMRS bundling
Considering the phase continuity requirement applicability for bands capable of UL-MIMO or TxD:
Observation 1: The coverage performance from network perspective would be sacrificed if we artificially prevent the use of DMRS bundling for the bands capable of UL-MIMO or TxD.
Observation 2: Without the addition of the requirement applicability in the spec, if UE declares the support of UL-MIMO or TxD, and also the support of DMRS bundling in some bands, there is no requirement for testing.
Observation 3: In the simulation for tolerable phase offset, only the number of DMRS ports matters, regardless of how many Tx chains are equipped at UE, and one DMRS port will be configured for UEs with either 1Tx or 2Tx in coverage limited scenario.
Proposal 1: The phase continuity requirement agreed in RAN4 #102e can be applied for the bands capable of UL-MIMO or TxD.
Considering the restriction on modulation order:
Observation 4: The RAN4 Rel-17 requirements for DMRS bundling are derived based on the simulations for up to QPSK modulation with certain maximum duration. For other higher modulation orders (if considered), probably tighter requirements shall be required to support DMRS bundling and to obtain the JCE gain.
Proposal 2: For FG 30-4 in RAN1 UE feature list, add in the column of “note” that: This is applicable for QPSK or lower modulation orders.

Considering the removal of bracket on phase difference requirement:
Proposal 3: For the allowable phase difference requirement, remove the brackets on [25] degrees and [30] degrees.

	R4-2207864
	China Telecom
	Reply LS on modulation order for DMRS bundling

	R4-2209163
	Huawei, HiSilicon
	On remaining issues for NR coverage enhancements
Observation 1: Since the requirement itself is for single DMRS bundle, the motivation of introducing multiple bundles for the test is not clear.
Observation 2: Seems no additional specification clarification is needed for combining DMRS bundling with TxD and UL MIMO, so long as such combining doesn’t introduce any new RF requirements.

	R4-2209164
	Huawei, HiSilicon, China Telecom, CMCC
	CR on clarification for DMRS bundling RF requirements for SUL in TS 38.101-1
Clarify the application of the phase continuity requirements for DMRS bundling for PUSCH and PUCCH to SUL band.

	R4-2209165
	Huawei, HiSilicon
	CR on UE RF requirements for DMRS bundling in TS 38.101-1
Resubmission of the approved CR R4-2206538, since it is accidentaly not included in TS 38.101-1 v17.5

	R4-2209456
	Ericsson
	remaining issue related to DMRS bundling requirement
With the above discussion, we propose the below for JCE + TxD and JCE + UL MIMO: 
RAN4 tests phase error tolerance per connector and does not develop tests that guarantee UL MIMO or TxD performance.
we also present our view on the remaining RF requirement aspect of phase continuity with below additional observations and proposals:
Observation 1 JCE has similar gain for TxD transmission and non-TxD (single Tx) transmission
Observation 2 The DMRS bundling phase requirement could apply to TxD transmission if each Tx chain meets the DMRS bundling requirement separately.
Observation 3 JCE + TxD may not always have the same JCE performance as single Tx considering the UE implementation specific CDD scheme, but should be able to do so at least when repetitions are in back-to-back slots with all symbols occupied by the repetitions.
Proposal-1:DMRS bundling combined with TxD transmission may work fine use the same phase error tolerance value(s) per connector as for single Tx transmission. .
Observation 4 For non-coherent UL MIMO without ULFPTx and for 1 layer DFT-S-OFDM transmission, the UE will have equivalent behavior to single Tx operation, and so the same phase tolerance requirements as the single Tx case can be used.
Proposal-2: DMRS bundling combined with non-coherent UL MIMO without ULFPTx and for 1 layer DFT-S-OFDM transmission may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
Observation 5 Although it has a more specified behavior and is network controlled, ULFPTx Mode 1 transmits PUSCH is a similar way to TxD, and so can be treated with DMRS bundling similarly to TxD
Proposal-3: DMRS bundling combined with Mode 1 ULFPTx may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
Observation 6 Coherent UL MIMO requirements for phase and power only apply within a 20ms window and coherent UL MIMO performance beyond the 20ms is not specified
Observation 7 There is still some JCE gain for uniform distributed phase offset for UL MIMO but no JCE gain for accumulated phase offset.
Observation 8 Less than 25 degree uniform phase error or 5 degree accumulated phase offset may be needed to achieve sufficient JCE gain.
Observation 9 JCE does not have gain for accumulated phase noise for the case of maximum duration is <=8 ms case
Observation 10 JCE has some gain for uniform phase noise model for the case of maximum duration is > 8 ms.
Proposal-4: Apply the JCE for UL MIMO only when UE reports capability for maximum duration > 8ms, 
Observation 11 No beam switching during the test means the UE transmitted beam directivity should be stable within the measurement time.
Proposal-5:Extend GF 30-4 to FR 2-2 is fine. 

	R4-2209458
	Ericsson
	CR on DMRS bundling phase offset Requirment FR1:
Inroduce 30kHz SCS for DMRS bundling requirmeent on measurmenet condition.

	R4-2209459
	Ericsson
	CR on DMRS bundling phase offset Requirment FR2
Remove the antenna connector



[bookmark: _Toc79478137]Open issues summary
[bookmark: _Toc79478141]Sub-topic 1-1: Requirement applicability for bands capable of UL-MIMO and TxD
Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO and TxD
· Discussion in RAN4 #102e (in WF R4-2206593)
· To further confirm the phase continuity tolerance requirement applicability on the feature of 
1. TxD 
2. UL MIMO
· Proposals
· Option 1: The phase continuity requirement agreed in RAN4 #102e can be applied for the bands capable of UL-MIMO and TxD. (China Telecom, HW, MTK, E///, QC)
· Option 1A: For UL-MIMO and TxD, the phase continuity requirement shall be verified per antenna connector, which is aligned with the approved CR. No new requirement / specification clarification is needed. (MTK, HW, E///)
· E///:
1. DMRS bundling combined with TxD transmission may work fine use the same phase error tolerance value(s) per connector as for single Tx transmission.
2. DMRS bundling combined with non-coherent UL MIMO without ULFPTx and for 1 layer DFT-S-OFDM transmission may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
3. DMRS bundling combined with Mode 1 ULFPTx may work fine and use the same phase error tolerance value(s) per connector as for single Tx tests.
4. Apply the JCE for UL MIMO only when UE reports capability for maximum duration > 8ms
· Option 1B: (QC)
· TxD testing should be from combined signal since this is what is the output power reference.
· 1-layer UL MIMO aka ULFPTx testing should be made from the combined (summed) signal. 
· Recommended WF
· In general, Option 1 is agreeable. Further discuss whether the requirement is applied per antenna connector or on the combined signal. 
	Company
	Comments

	Ericsson
	We are fine with requirement defined per antenna connector.

	Qualcomm
	It is not proper to use wording such as “requirement shall be verified per antenna connector” in transmit modulation test. The specification now says for requirements
6.4D.2.1….Error Vector Magnitude requirements specified in in clause 6.4.2.1 apply per layer.
6.4D.2.4…. EVM Equalizer Spectrum Flatness requirements specified in clause 6.4.2.4 apply per layer.

The general part that is in hanging paragraph below section heading 6.4D.2 says : “…requirements are specified based on measurements made at each transmit antenna connector.”
So the measurements are made from each connector but requirement applies per layer. 
Therefore, the language in option 1A is wrong, core requirement should not state how requirement is verified but at which reference point the core requirement applies or is defined. 
In this DMRS bundling case, the phase continuity of the transmitted signal matters and in this case of 1-layer UL MIMO and TxD, the composite signal that comes out from two antenna connectors is the reference plane for the transmitted signal so that is where the requirements must be defined.  
Care should be takes with the wording here, for example Ericsson comment (above) maybe was intended to agree with option 1 but it actually is none of the option since Ericsson saying “requirement defined per connector”. 
Update: To our understanding, DMRS bundling could be applied for Txd and 1-layer UL MIMO modes which are ULFPTx and coherent ULMIMO.
And to the discussion per antenna connector, it seems to be preference but why we would create new way to test transmissions signal quality for this feature. As I write above, all signal quality metrics for TxD and UL MIMO are defined per layer or combined signal and all out of band signal metrics are per connector. This would be signal quality metric. We should draft a CR to see how this would be written exactly, maybe then it gets clarified.

	China Telecom
	We are fine with requirement defined per antenna connector (Option 1A with the wording update suggested by QC), if it is the preference of majority companies. 
However, for option 1A, it is proposed that no new requirement / specification clarification is needed. Our understanding is that, based on the approved CR in the last meeting, it is not clear enough whether the per antenna connector requirements can be applied in UL-MIMO/TxD case. So, for option 1A, some clarification in spec on the support of DMRS bundling + UL-MIMO/TxD would be needed. 

	MediaTek
	In our understanding the only transmission scheme that could be debated is the coherent transmission with 1 layer. This is why we feel that per antenna connector is ok.
For the coherent MIMO, the analysis from E/// suggests that only for uniform distribution you can guarantee the relative phase stays within 40 degrees, but the methodology from Ericsson seems to suggest that over time the difference in relative change between antennas needs to be less than 40 degrees. However, even in slot 0 they could be 40 degrees apart in our understanding according to the requirement. Also only 8 slots was simulated, not 2 or 4 slots. And it was highlighted in last meetings that uniform distribution only provides more constraint compared to accumulated on average after 8 slots, so not clear to us why only uniform distribution works.

	Apple
	We consider the combination of 1-layer UL MIMO and coverage enhancement to be a useful scenario and would like to ensure that the specification allows such UE and network implementations. Considering that coherent UL MIMO requirements already define a phase tolerance across Tx ports over 20 ms, and coverage enhancement requirements define a phase tolerance at the Tx port over up to 16ms (no requirement is defined for 32ms), we don't see the need to define additional phase requirements for UEs which support both DMRS bundling and coherent UL MIMO -- at least not for <32 slots.  This view is not exactly Option 1A, although the outcome (no new requirement is specified) is aligned with Option 1A.

	
	

	
	



Sub-topic 1-2: Phase continuity requirements for CA/DC
Issue 1-2-1: Phase continuity requirements for FR1+FR2 CA, FR1+FR2 DC and EN-DC with FR2 NR
· Proposals 
· Option 1: Clarify in specification that the DMRS bundling requirements for FR1+FR2 CA, FR1+FR2 DC and EN-DC with FR2 NR apply per CC (Qualcomm, China Telecom, T-Mobile USA, Verizon, CMCC)
· The operation between FR1 and FR2 is typically considered independent in RAN4 RF requirements.
· Option 2: DMRS bundling requirements do not apply in the case that UL CA and MR-DC are configured in the UE (MTK)
· Recommended WF
· Further discuss.  For option 1 and option 2, companies can also feedback is any additional clarification in spec needed?
	Company
	Comments

	Ericsson 
	In our understanding, RAN1 have not defined any constraints for CA or DC operation.  However, RAN1 are discussing UE capabilities for DMRS bundling with CA or DC, including if the feature is supported per band and per band combination.  This can allow solutions such as Option 1. 
We would prefer at least Option 1, since FR1+FR2 combinations are relevant for coverage enhancement use cases.  Option 1 should be clarified to be only for RAN4 specifications and/or UE capability, however.  We think that other CA combinations can also be relevant for coverage, and these should be further discussed with respect to whether they can be supported by RAN4 specifications. The necessity of introducing the new spec change on the CA + DMRS bundling needs to be discussed, that is relating to what the additional test coverage provided compared with the DMRS bundling test per connector per band. If no test is needed, maybe there is no need to add DMRS bundling spec change. 
 

	Qualcomm
	Support option 1

	China Telecom
	We support DMRS bundling for FR1+FR2 case, which is important scenario for coverage enhancement. 
Meanwhile, we tend to agree with Ericsson that maybe there is no need to add DMRS bundling spec change. In the current 38.101-3, the transmit modulation quality requirements are applied per CC. Since DMRS bundling requirement is one of the transmit modulation quality requirements, i.e., introduced under clause 6.4.2, perhaps no additional clarification in RAN4 spec is also ok.

Updated on Thursday (by China Telecom 2):
Regarding the understanding of RAN1 specification, we share the same view as E///, i.e., RAN1 have not defined any constraints for CA or DC operation.  However, RAN1 are discussing UE capabilities for DMRS bundling with CA or DC, including if the feature is supported per band and per band combination.

	Verizon
	Support Option 1! 
RAN4 needs to define DMSR bundling for FR1+FR2.

	MediaTek
	Option 1 proposal is unacceptable. 
The work item was declared 100% complete by the rapporteur in March. RAN4 liaised RAN1 in February to indicate that they have not considered UL CA in combination with this feature in Rel-17. We have never discussed such requirements in any detail, and we need to be consistent with the deadlines we set ourselves as a community and the information we provide to other WGs. Anything else sets a very bad precedent.
If companies wanted to consider this then they should have requested for the WI not to be declared completed. Please see the further comments in our input document.
If the 38.101-3 spec implicitly covers FR1+FR2 aggregation then it should be clarified that it is not applicable in Rel-17, aligned with the information we provided to RAN1.

	CMCC
	Option 1. 
A little confused about the above comments. In our view, option 1 only consider bundle on single UL. 

	Samsung
	Option 2. We share the view with MediaTek. As everyone knows, RAN1 does not have an agreement on CA scenario for the coverage enhancement of Rel-17 at all. We are not sure how come RAN4 is considering the requirement for the feature that has not been introduced during the WI which is closed already. 

	Apple
	It is not clear to us how CA features for coverage enhancement can be introduced in a 100% completed work item during the maintenance phase. We have not discussed CA/DC features anytime during the work item, and this meeting appears to be the first one to at least provide context and use cases.  We urge the proponents to take these proposals to RAN in order to perform the necessary work scoping and, based on the RAN decision, to add the corresponding objectives to the Rel-18 work plan.
According to our understanding, the existing coverage enhancement requirements are defined for single carrier operation, and we are confused by the comments referring to single UL operation.  Single UL operation can include dynamic behavior, such as UL carrier activation/de-activation within a multiple UL configuration, and DCI-based resource scheduling on one carrier out of multiple configured/activated.  These scenarios need to be discussed in much more detail in order to understand the impact on HARQ timelines, interruptions, etc. 

	Nokia
	Support Option 1. Agree with E//

	T-Mobile USA
	We support Option 1

	AT&T
	Support Option 1.



Issue 1-2-2: Phase continuity requirements for FR1 inter-band CA with one UL CC
· Proposals 
· Option 1: Define requirements for DMRS bundling for DL CA with one UL CC, and it would be simple to add such requirement referring to single band requirements (Qualcomm, China Telecom, T-Mobile USA, Verizon, CMCC)
· The motivation is that when UE is configured to DL CA, it might lose its UL coverage for the band is it configured despite DL is within coverage. gNB typically have higher output power capability than UEs.
· With limited specification impact as shown in R4-2207659.
· Recommended WF
· Is option 1 agreeable?
	Company
	Comments

	Ericsson 
	This related to the generic CA + DMRS support. So may depend on the outcome of the issue 1-2-1.  
For DL CA within single UL CC, it would be similar for single carrier case regrading the “frequency hopping”. E.g the DL is configured with “frequency hopping” and uplink is configured for DMRS bundling.  UE LO may not need to change when network schedule different RB allocation  in DL. 
 

	Qualcomm
	We support this proposal.

	China Telecom
	We support option 1, and the spec clarification in R4-2207659 also looks ok.

	Verizon
	Support Option 1!

	MediaTek
	We would like to clarify that the UE is only “configured” with a single UL CC if we move forward with this.

	CMCC
	Option 1.

	Apple
	As commented in Issue 1-2-1, we don’t understand how any aspect of CA can be introduced to this closed work item in maintenance phase.  Considering a single configured UL carrier in a multi-carrier DL CA configuration, with the UL carrier configured for DMRS budling (and, consequently, PUSCH repetitions), it is not clear to us how the HARQ timeline is impacted for the DL carriers.  We are not certain whether the PHY layer specification supports this scenario in the current release of the specification.  Thus, we suggest taking this proposal to RAN for as Rel-18 proposal. 

	Nokia
	Agree with the recommended WF

	T-Mobile USA
	We support Option 1.

	AT&T
	Support Option 1.

	Samsung
	RAN1 did not discuss applicability of DMRS bundling to DL CA which is not part of the WID. Thus, it is difficult to consider at this stage as other CA related proposals.



Issue 1-2-3: Phase continuity requirements for FR1 inter-band UL CA 
· Proposals 
· Option 1: Define FR1 inter-band UL CA requirements for DMRS bundling, and Ran4 can further restrict or discuss cases as follows (Qualcomm, China Telecom, T-Mobile USA, CMCC, Nokia):
· Case A: Only one band can support DMRS bundling at a time
· With limited specification impact as shown in R4-2207659.
· Case B: In case two bands are supporting DMRS bundling, the bundles are not overlapping in time
· Case C: In case bundles are overlapping in time their time windows are aligned
· Extending the coverage to B) and C) cases would require changes to the PCMax sentences about handling of the cases when transmission starts or end on an other band where bundling is active since it may impact the power on the band with the bundling. Also frequency hopping may impact the PCMax. It is also unclear if RAN1 needs to be involved if the TDW need to be restricted.
· Justification for DMRS bundling for UL CA
· UE may be out of UL coverage for two bands when it is in DL coverage for the same bands and using DMRS bundling one of the bands for PUCCH helps to extend the UL coverage.
· When UE is configured for UL CA, DMRS bundling helps to extend the UL coverage and improve the link reliability.
· Option 2: DMRS bundling requirements do not apply in the case that UL CA is configured in the UE (MTK)
· Recommended WF
· TBA
	Company
	Comments

	Ericsson 
	We are fine to have additional limitation on the network for the case B. Case A is more restrictive, and so is not our preference.  However, it is better than having no CA support at all. 

While per band and per band combination capability signalling is being discussed, currently the feature on DMRS maximum time duration is per band defined in RAN1, meaning there are two possible cases: 
1. UE only report one band X with DMRS bundling capability but no such capability on band Y, the DMRS bundling can only apply one band in UL CA operation of Band X + Y  
2. UE report both band X and Y with DMRS bundling capability, in such case, the DMRS bundling can apply on both X and Y carrier in UL CA X+ Y configuration. 
For case 1, the CA could be supported without any specification impact. For case 2, it is a question if the reported number is different for band X and band Y (e.g one is TDD band and other is FDD band). To schedule DMRS bundling simultaneously would mean the shorter window would be partly overlap with longer window and thus the totally aligned case would not exist. Currently the “events” defined in 38.214 allowed to happen outside bundling time window should be per CC basis. If the “events” would be allowed outside “any” bunding time window on any CC, this could be RAN1 impact. More importantly, whether such new behaviour would change the definition of UE capability on maximum time duration, prohibiting the event happening outside the shorter bundling window but only allowing outside the longer window would change the definition of such UE capability. Lastly, there always time lignment error between CC for CA configuration, the MRTD is defined in 38.133 thus it is not clear to us how to guarantee the exact time window alignment.  
Given all these problems, we do not think Case C is a good way forward. 

	Qualcomm
	Agree with Ericsson that case C might be difficult and would need ran1 involvement. We can draft the CR for the case B, it needs section in 6.4A.2.5 and list of events that break the phase continuity.  

	China Telecom
	We support option 1, and are ok to go with case A with smallest spec impact. 

	Verizon
	Support Option 1

	MediaTek
	Option 2 – for reasons stated previously. 
Note that Option 1 case A is unclear. Is the UE configured with a single DMRS bundle on a single UL CC only?  What does no UL allocation mean? Data, control, SRS?  

	CMCC
	Case A and case B can be supported. Case C in our view is not supported in RAN1. 

	Samsung
	Option 2. We should repeat what we shared for Issue 1-2-1. It is absolutely normal that a requirement follows its feature which is agreed in the group. We think even Case B and C of Option 1 have impacts to RAN1 as follows.
Case B: RAN1 (and possibly RAN2) needs to define the restriction
Case C: TDW restriction should be defined in RAN1 
Even if RAN4 agrees with these options, again, we are not sure what RAN1 can do for this feature after the WI.  

	Apple
	We support Option 2 for the current release of the specification. We are open to discuss whether in Rel-18 we could consider this feature in the broader context of handling CA plus coverage enhancement (please see our earlier comments).

	Nokia
	Support Option1, case A to reduce effort.

	T-Mobile USA
	We support Option 1.

	AT&T
	Support Option 1 and suggest having more discussion on case A and B in the next round.



Issue 1-2-4: Granularity of the UE capability for DMRS bundling
· Proposals 
· Option 1: Define the capability for DMRS bundling per band per band combination, and send LS to RAN1. (Qualcomm)
· Recommended WF
· Encourage feedback
	Company
	Comments

	Ericsson 
	Relate to the issue 1-2-1, 1-2-2 and 1-2-3. 

	Qualcomm
	Agree with Ericsson but it seems we are going with CA so CA capability should be discussed. 

	Verizon
	Support defining the capability for the DMRS bundling per band and per combination!

	MediaTek
	We liaised RAN1 about this and said it would be up to RAN1, so why are we sending another LS. Option 1 not acceptable.

	Apple
	Last meeting, in the LS R4-2206580 (proponent company Qualcomm!), we agreed the following text:
"Per band UE capability was agreed in RAN4 #101e-bis. RAN4 has not discussed requirements for combination of this feature with UL CA in Rel-17, and RAN4 suggests the final decision on the granularity to be made in RAN1."
It is very surprising to see proposals to revert this agreement in this meeting, during the WI maintenance phase.  We urge companies to respect agreements made in previous meetings.

	T-Mobile USA
	We support Option 1.

	AT&T
	Support Option 1.

	Samsung
	This is related to issues discussed above which cannot be solved in this meeting.



Sub-topic 1-3: Phase continuity requirements for SUL band
Issue 1-3: Phase continuity requirements for SUL band
· Proposals
· Option 1: Clarify that the phase continuity requirements for DMRS bundling is applicable to SUL band, see CR in R4-2209164. (Huawei, HiSilicon, China Telecom, CMCC)
· With no addition RAN1 impacts observed
· Recommended WF
· Is option 1 agreeable?
	Company
	Comments

	Ericsson 
	DMRS bundling apply to all bands as it is per band. Including the SUL band seems ok. As SUL band is always configured with SUL band + other band combination, which is similar with CA case, so there may be dependency on the CA + DMRS bundling discussion. 

	China Telecom
	For SUL band combination, there is no concurrent transmission on SUL band and NUL band, so we don’t see any issue to use DMRS bundling on SUL band. We support option 1. 

	MediaTek
	Does this mean that the DMRS bundling is limited to SUL? Would there be any switching to an NUL band proposed, even outside of the bundle duration? Or is the UE purely operating SUL not NUL?

	CMCC
	Option 1. 

	Apple
	Just like with CA, the combination of coverage enhancement with SUL has not been discussed at all during this work item. We urge the proponents to take this proposal to RAN for Rel-18 scoping.  At the high level, we don't understand how the switching timelines would work for SUL with coverage enhancement configured, and this appears to need some further PHY layer efforts.

	Huawei
	Echo for all concerns by further explaining our reasoning on our proposal:
First for a UE configured with SUL, we can list the following three types:
Type 1: Only Support DMRS bundle on NUL;
Type 2: Only Support DMRS bundle on SUL;
Type 3: Support DMRS bundle both on NUL and SUL.
We believe for Type 1&2 the current per band DMRS bundle requirements can be directly applied.
As for Type 3 UE, we think it is quite clear that there is NO simultaneous data PUS/PUC can be scheduled or configured on SUL and NUL. Then any DMRS bundle for PUS/PUC on NUL is TDM-ed to SUL. Thus we think in general DMRS bundle can be directly introduced for SUL case. 

	Nokia
	Ok with the recommended WF.

	Samsung
	With the clarifications from Huawei, the applicability to SUL only can be fine. Alternatively, this proposal also can wait until above issues are resolved.



Sub-topic 1-4: Other issues
Issue 1-4-1: Restriction on modulation order for FG 30-4
· Issue raised in RAN1 LS on updated Rel-17 RAN1 UE features list for NR (in RAN1 LS R1-2202927/R4-2207610):
· For NR_cov_enh, based on RAN4 feedback, FG 30-4 is defined without distinction of the modulation order. RAN1 has no intention to revert any existing RAN4 agreements on maximum duration. It is up to RAN4 to decide whether FG 30-4 is applicable only to QPSK and lower modulation order.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	30. NR_cov_enh
	30-4
	The maximum duration for DM-RS bundling
	The maximum duration during which UE is able to maintain power consisitency and phase continuity to support DM-RS bundling for PUSCH/PUCCH
	FFS
	Yes
	N/A
	UE does not support DM-RS bundling for PUSCH/PUCCH
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signalling



· Proposals
· Option 1: Add the restriction on modulation order for FG 30-4, according to previous RAN4 agreement. (China Telecom, MTK)
· Option 1A: add in the column of “note” that: This is applicable for QPSK or lower modulation orders, and with the LS in R4-2207864 (China Telecom)
· China Telecom: The RAN4 Rel-17 requirements for DMRS bundling are derived based on the simulations for up to QPSK modulation with certain maximum duration. For other higher modulation orders (if considered), probably tighter requirements shall be required to support DMRS bundling and to obtain the JCE gain.
· Option 1B: a note to be added to the capability description, such as “NOTE: Applicable modulation orders are according to requirements in 38.101-1 and 38.101-2” (MTK)
· Recommended WF
· Agree on Option 1, and further discuss the wording in option 1A and option 1B.
	Company
	Comments

	Ericsson 
	Option 1. Maybe to reference 38.101 better future proof if any modification happened on modulation in future. (no need to update FG30-4)  

	Qualcomm
	Option 1A would be our preference. Agree with CTC that other modulations may need more work and other requirements. 

	China Telecom
	Option 1. Either option 1A or 1B is ok. 

	Verizon
	Either Option 1A or 1B

	MediaTek
	New Option 1C: “The RAN4 Rel-17 DMRS bundling feature is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in 38.101-1/2, for the corresponding physical channels.”
I am concerned with above comments. Are people suggesting that at some point in time we may further do a category F CR to Rel-17 RAN4 spec to add other modulation schemes? That would not be acceptable as the work item was completed in March.

	Apple
	We agree that the modulation order restriction should be clearly captured in the UE feature list. This would, in turn, translate to corresponding text in the UE capability spec 38.306.  The restriction should also not hint at any possible future extensions, since that work would need to be proposed and carrier out separately in a future release.  Thus, Option 1B or MediaTek's Option 1C are good options. 

	Nokia
	Ok with the recommended WF



Issue 1-4-2: DMRS bundling to FR2-2
· Proposals 
· Option 1: Extend GF 30-4 to FR 2-2 is fine. (E///)
· E///: It could be observed that there is ~0.8dB JCE gain over the non-JCE in 60GHz
· Recommended WF
· Encourage feedback.
	Company
	Comments

	Ericsson 
	We also would like to point out that FR2-2 can generally have more back to back UL slots than FR2-1. For example, with 480 kHz SCS, it can have 4 back to back slots as compared to 1 UL slot with 120 kHz SCS.  This means that  DMRS bundling can be especially beneficial for FR2-2. 

	Qualcomm
	We are ok with option 1. Not sure about the 1 UL slot limitation for FR2-1, the RMC for all UL tests is 7DS8U so 8 back to back UL slots. 

	MediaTek
	This was never in scope of the work, and never discussed. Too late to consider this now as the work item was completed in March.

	Apple
	We have not seen any analysis of DMRS bundling at 60 GHz, and it seems premature to agree Proposal 1 without such, and during the maintenance phase of this closed WI.  We urge the proponents to bring this proposal to RAN for Rel-18 scoping.

	Nokia
	Support Option 1 

	
	

	
	


	
Issue 1-4-3: Further clarification on exceptions for phase tolerance
· Proposals 
· Proposal 1 (MTK): In 38.101-1/3, add the following sentence to the power change bullet: “This does not imply any change to TS38.213 section 7.1.1 and 7.2.1 behaviour applicability.”, e.g., 
The above requirements are applicable when all the following conditions are met within the measurement time window:
-  …
-  There is no change in UE transmission power level, and no change in the level of P-MPR applied by the UE. This does not imply any change to TS38.213 section 7.1.1 and 7.2.1 behaviour applicability.
-  …
· Recommended WF
· Encourage feedback
	Company
	Comments

	Ericsson 
	Pcmax is configured as one of test conditions, so the DL pathloss may not be relevant for testing. However, we understand the concern that the UE should still be able to adjust its UL power according to small changes in DL pathloss so long as the UE still meets the phase continuity requirements.  In that sense, we are OK with the change. 

	Qualcomm
	We have a different understanding on the read for this, the original LS said: “no change on the power control parameters specified in TS 38.213,” so if UE updates the power because DL pathloss estimate changed, the phase continuity would be lost. In principle we are ok to say TS 38.213 still holds but what that proposed sentence means is unclear and maybe some better wording should be considered. 

	China Telecom
	In our view, by default, the other WG specifications will be followed, and we don’t quite understand the reason to clarify the power control aspect. But we could be fine with the clarification if it is agreeable to all other companies. 

	MediaTek
	We are pointing out that the UE is not required to “not change its power level” if legacy specification behaviour (such as in 38.213) would drive that.
To Ericsson, this is not a test condition it is a general condition on when phase tolerance requirements would be applicable.

	Apple
	We agree with the spirit of the proposal to leave the physical layer design unchanged by the side conditions agreed in RAN4.

	Nokia
	We would prefer not to add this clarification. But we are fine with it. 

	
	



Issue 1-4-4: Composite Tx signal impact in FR2
· Proposals
· Option 1: No beam switching during the test means the UE transmitted beam directivity should be stable within the measurement time. (E///)
· Option 2: More investigation is required on whether the existing phase tolerance can apply to the composite signal transmitted. (MTK)
· Recommended WF
· Encourage further discussion
	Company
	Comments

	Apple
	Option 2 

	Qualcomm
	We could add that condition to the phase continuity criteria, that no beam switch occurs. 

	
	

	
	

	
	

	
	

	
	


	
Issue 1-4-5: Removal of square brackets on the requirements
· Proposals for FR1
· Option 1: Remove the brackets on [25] degrees and [30] degrees. (China Telecom)
· Proposals for FR2
· Option 1: Remove the brackets on [25] degrees. (China Telecom)
· Option 2: Not remove the brackets since the phase tolerance requirements for FR2 need further investigation as to the composite signal impact. (MTK)
· Recommended WF
· Remove the [] on FR1 requirements.
· Further discuss for FR2
	Company
	Comments

	China Telecom
	We support to remove the [] on FR1 requirements. For FR2, let us wait for the outcome of Issue 1-4-4 on Composite Tx signal impact in FR2

	MediaTek
	FR1: Until we clarify the UL MIMO issues and frequency error correction issue it seems a bit premature to agree Option 1.
FR2: Option 2 is preferred.

	Apple
	For FR1 single-carrier non-MIMO UL, we are fine to remove the brackets.  We should also resolve the UL MIMO issue and how to capture the requirement applicability (without additional requirements).
For FR2 we should retain the square brackets until all open issues are resolved

	Nokia
	Ok with the recommended WF

	
	

	
	

	
	



Issue 1-4-6: SCS for FR1 test
· Proposals for FR1
· Option 1: Based on the TDD patterns in the existing spec, 30kHz SCS could be selected so that the DMRS bundling can be tested with 2 consecutive uplink time slot, see CR in R4-2209460 (E///)
· Recommended WF
· Encourage feedback
	Company
	Comments

	China Telecom
	For FR1 15kHz SCS, we propose to add a new TDD pattern with at least 2 consecutive UL slots. In demod GTW session on Tuesday, the following agreement has been made, and we need to align the requirement scenarios in RF and demod discussion. 
GTW agreement in demod session:
· For FR1 15KHz SCS, define new TDD pattern with multiple contiguous UL slots and further discuss the exact TDD pattern


	Verizon
	We are okay for Option 1!

	MediaTek
	Question to CT: Is this new 15kHz configuration just for the purposes of testing or is it relevant for anything other than that?

	Apple
	We are fine with Option 1. To China Telecom: is there a network deployment scenario that justifies 15 kHz TDD with coverage enhancement?

	Nokia
	New TDD pattern is to be defined for other SCS with only one UL slot. 

	
	

	
	



[bookmark: _Toc79478145]Companies views’ collection for 1st round
Open issues 
Provided under each issue in section 1.2
CR/LS comments collection
	tdoc number
	Title/Content
	Comment collection

	R4-2207659, Qualcomm Incorporated, China Telecom, T-Mobile USA, CMCC, Nokia
	Clarifying CA requirements for DMRS bundling
	Moderator’s note: related to issues in sub-topic 1-2.

	
	
	Ericsson: may have dependency on 1-2.  

	
	
	MediaTek: See comments on 1-2

	
	
	

	R4-2209164, Huawei, HiSilicon, China Telecom, CMCC 
	CR on clarification for DMRS bundling RF requirements for SUL
	Moderator’s note: related to issues in sub-topic 1-3.

	
	
	Ericsson: may have dependency on 1-2.  

	
	
	MediaTek: See comments on 1-2

	
	
	

	R4-2209165, Huawei, HiSilicon,
	CR on UE RF requirements for DMRS bundling in TS 38.101-1
	Note: Resubmission of the approved CR R4-2206538

	
	
	

	
	
	

	
	
	

	R4-2209458, Ericsson
	For FR1: Introduce 30kHz SCS for DMRS bundling requirement on measurement condition
	Moderator’s note: related to Issue 1-4-6

	
	
	China Telecom: For 15kHz SCS, propose to add a new TDD pattern with at least 2 consecutive UL slots, as we commented in Issue 1-4-6.

	
	
	

	
	
	

	R4-2209459, Ericsson
	For FR2: Remove the antenna connector
	

	
	
	

	
	
	

	
	
	

	R4-2207864, China Telecom
	Reply LS on modulation order for DMRS bundling
	Moderator’s note: related to Issue 1-4-1

	
	
	Qualcomm: Support this LS

	
	
	MediaTek: Rather than “not discussed” I would suggest to say “RAN4 has agreed not to specify requirements in Rel-17 for…”, otherwise I worry what comes back in August.

	
	
	



[bookmark: _Toc79478146]Summary for 1st round
Sub-topic 1-1: Requirement applicability for bands capable of UL-MIMO and TxD
Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO and TxD
Summary of round 1 discussion:
· Option 1: The phase continuity requirement agreed in RAN4 #102e can be applied for the bands capable of UL-MIMO and TxD. (China Telecom, HW, MTK, E///, QC)
· Option 1A: For UL-MIMO and TxD, the phase continuity requirement shall be verified defined per antenna connector, which is aligned with the approved CR. No new requirement / specification clarification is needed. (MTK, HW, E///)
· China Telecom: Fine with per antenna connector, but some clarification in spec on the support of DMRS bundling + UL-MIMO/TxD would be needed.
· Apple: Agree no new requirement / specification clarification is needed
· Option 1B: For TxD and UL MIMO, the phase continuity requirement are defined per layer or combined signal (QC)
· QC: all signal quality metrics for TxD and UL MIMO are defined per layer or combined signal and all out of band signal metrics are per connector. This would be signal quality metric. We should draft a CR to see how this would be written exactly, maybe then it gets clarified.
Tentative agreement:
· It is agreeable that the phase continuity requirement can be applied for the bands capable of UL-MIMO and TxD, and FFS whether the requirement is applied per antenna connector or per layer. 
Recommendation for 2nd round discussion:
· Further discuss whether the phase continuity requirement is applied per antenna connector or per layer (option 1A or 1B) for bands capable of UL-MIMO and TxD. Capture the agreement in the WF.
· Meanwhile, further discuss whether there is any spec impact for option 1A/1B as commented by CTC and QC. Discuss the spec impact based on the draft CR. 

Sub-topic 1-2: Phase continuity requirements for CA/DC
Issue 1-2-1: Phase continuity requirements for FR1+FR2 CA, FR1+FR2 DC and EN-DC with FR2 NR
Summary of round 1 discussion:
· Candidate options
· Option 1: DMRS bundling requirements for FR1+FR2 CA, FR1+FR2 DC and EN-DC with FR2 NR apply per CC in Rel-17 (Qualcomm, China Telecom, T-Mobile USA, Verizon, CMCC, AT&T, E///, Nokia)
· The operation between FR1 and FR2 is typically considered independent in RAN4 RF requirements.
· Important scenario for coverage enhancement.
· Option 2: DMRS bundling requirements do not apply in the case that UL CA and MR-DC are configured in the UE in Rel-17 (MTK, Samsung, Apple)
· The work item was declared 100% complete in March, and RAN4 has never discussed such requirements in any detail.
· Option 3: Subject to RAN plenary decision, add the corresponding objectives to the Rel-18 if needed (Apple)
· Understanding of the current RAN4 specification
· For the support of option 1: maybe there is no need to add DMRS bundling spec change. In the current 38.101-3, the transmit modulation quality requirements are applied per CC. Since DMRS bundling requirement is one of the transmit modulation quality requirements, i.e., introduced under clause 6.4.2, perhaps no additional clarification in RAN4 spec is ok. (E///, China Telecom, Nokia)
· For the support of option 2: If the 38.101-3 spec implicitly covers FR1+FR2 aggregation then it should be clarified that it is not applicable in Rel-17, aligned with the information we provided to RAN1. (MTK)
· Understanding of the current RAN1 specification
· Understanding #1: RAN1 have not defined any constraints for CA or DC operation. However, RAN1 are discussing UE capabilities for DMRS bundling with CA or DC, including if the feature is supported per band and per band combination. (E///, China Telecom, Nokia)
· Understanding #2: RAN1 does not have an agreement on CA scenario for the coverage enhancement of Rel-17 at all. (Samsung)
Recommendation for 2nd round discussion:
· Further discuss the three options, and proponents of the first two options are encouraged to further clarify the RAN4 spec impact. 

Issue 1-2-2: Phase continuity requirements for FR1 inter-band CA with one UL CC
Summary of round 1 discussion:
· Candidate options
· Option 1: Define requirements for DMRS bundling for DL CA with one UL CC, and it would be simple to add such requirement referring to single band requirements (Qualcomm, China Telecom, T-Mobile USA, Verizon, CMCC, AT&T, E///, Nokia)
· Justifications from proponents:
· The motivation is that when UE is configured to DL CA, it might lose its UL coverage for the band is it configured despite DL is within coverage. gNB typically have higher output power capability than UEs.
· Any RAN4 spec clarification needed for option 1?
· With limited specification impact as shown in R4-2207659.
· MTK: We would like to clarify that the UE is only “configured” with a single UL CC if we move forward with this.
· Option 2: Applicability of DMRS bundling to DL CA was not discussed in RAN1 (Samsung)
· Option 3: Discuss this proposal to RAN for as Rel-18 proposal (Apple)
· Apple: it is not clear to us how the HARQ timeline is impacted for the DL carriers. We are not certain whether the PHY layer specification supports this scenario in the current release of the specification
Recommendation for 2nd round discussion:
· In round 1, 8 companies including 5 operators support option 1. 1 company supports option 2, and 1 company supports option 3 considering their understanding of RAN1 status.
· In round 2, further align the understanding of the RAN1 spec status and check if option 1 with only a single UL CC configured is agreeable.

Issue 1-2-3: Phase continuity requirements for FR1 inter-band UL CA
Summary of round 1 discussion:
· Candidate options
· Option 1: Define FR1 inter-band UL CA requirements for DMRS bundling, and Ran4 can further restrict or discuss cases as follows (Qualcomm, China Telecom, T-Mobile USA, CMCC, Nokia, Verizon, AT&T):
· Case A: Only one band can support DMRS bundling at a time, with limited specification impact as shown in R4-2207659. (QC, China Telecom, CMCC, Nokia, AT&T)
· MTK: Option 1 case A is unclear. Is the UE configured with a single DMRS bundle on a single UL CC only? What does no UL allocation mean? Data, control, SRS?
· Case B: In case two bands are supporting DMRS bundling, the bundles are not overlapping in time (E///, QC, CMCC, AT&T)
· Samsung: RAN1 (and possibly RAN2) needs to define the restriction
· Case C: In case bundles are overlapping in time their time windows are aligned
· Samsung: TDW restriction should be defined in RAN1
· Option 2: DMRS bundling requirements do not apply in the case that UL CA is configured in the UE (MTK, Samsung, Apple)
· Option 3: Subject to RAN plenary decision, add the corresponding objectives to the Rel-18 if needed (Apple)
Recommendation for 2nd round discussion:
· Further discuss the 3 options. For option 1, continue discussion the RAN4 spec impact for Case A and Case B. 

Issue 1-2-4: Granularity of the UE capability for DMRS bundling
Summary of round 1 discussion:
· Candidate options
· Option 1: Define the capability for DMRS bundling per band per band combination, and send LS to RAN1. (Qualcomm, Verizon, T-Mobile USA, AT&T)
· Option 2: per band as agreed in the previous meeting (MTK, Apple)
· Option 3: depend on issue 1-2-1, 1-2-2 and 1-2-3 (E///, QC, Samsung)
Recommendation for 2nd round discussion
Pending on the discussion in Issue 1-2-1/3. 

Sub-topic 1-3: Phase continuity requirements for SUL band
Issue 1-3: Phase continuity requirements for SUL band
Summary of round 1 discussion:
· Candidate options
· Option 1: Clarify that the phase continuity requirements for DMRS bundling is applicable to SUL band, see CR in R4-2209164. (Huawei, HiSilicon, China Telecom, CMCC, E///, Nokia, Samsung)
· Proponents of option 1: no concurrent transmission on SUL band and NUL band, and with no addition RAN1 impacts
· MTK: Does this mean that the DMRS bundling is limited to SUL? Would there be any switching to an NUL band proposed, even outside of the bundle duration? Or is the UE purely operating SUL not NUL?
· Option 2: may be dependency on the CA + DMRS bundling discussion (E///, Samsung)
· Option 3: discuss to RAN for Rel-18 scoping, considering the need of some further PHY layer efforts (Apple)
Recommendation for 2nd round discussion
· Further align the understanding of RAN1 spec status, i.e., is it correct understanding that no additional RAN1 impact needed?
· Further check the RAN4 spec impact.

Sub-topic 1-4: Other issues
Issue 1-4-1: Restriction on modulation order for FG 30-4
· Issue raised in RAN1 LS on updated Rel-17 RAN1 UE features list for NR (in RAN1 LS R1-2202927/R4-2207610):
· For NR_cov_enh, based on RAN4 feedback, FG 30-4 is defined without distinction of the modulation order. RAN1 has no intention to revert any existing RAN4 agreements on maximum duration. It is up to RAN4 to decide whether FG 30-4 is applicable only to QPSK and lower modulation order.
Summary of round 1 discussion:
· Candidate options
· Option 1: Add the restriction on modulation order for FG 30-4, according to previous RAN4 agreement. (China Telecom, MTK, E///, QC, Verizon, Nokia)
· Option 1A: add in the column of “note” that: This is applicable for QPSK or lower modulation orders, and with the LS in R4-2207864 (China Telecom, QC, Verizon)
· Option 1B: a note to be added to the capability description, such as “NOTE: Applicable modulation orders are according to requirements in 38.101-1 and 38.101-2” (E///, China Telecom, Verizon, [Apple])
· Option 1C: add a note “The RAN4 Rel-17 DMRS bundling feature is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in 38.101-1/2, for the corresponding physical channels.” (MTK, Apple)
Tentative agreement:
· For FG 30-4, add a note on the modulation order restriction according to previous RAN4 agreement
· In round 2, further discuss the wording for the reply LS

Issue 1-4-2: DMRS bundling to FR2-2
Summary of round 1 discussion:
· Option 1: Extend GF 30-4 to FR 2-2 in Rel-17 (E///, QC, Nokia)
· Option 2: Not consider the extension of GF 30-4 to FR 2-2 in Rel-17 (MTK, Apple)
· MTK: Too late to consider this now as the work item was completed in March.
· Option 3: bring this proposal to RAN for Rel-18 scoping (Apple)
Recommendation for 2nd round discussion
· Further discuss based on the WF

Issue 1-4-3: Further clarification on exceptions for phase tolerance
Summary of round 1 discussion:
· Proposals 
· Proposal 1: For phase continuity requirements in 38.101-1/3, clarify that the power control behavior specified in TS 38.213 is not impacted. (MTK, [E///], QC, Apple, CTC & Nokia - not necessary but acceptable)
Tentative agreement:
· Proposal 1 is agreeable. Further discuss the wording for the draft CR in round 2. 

Issue 1-4-4: Composite Tx signal impact in FR2
Summary of round 1 discussion:
· Option 1: No beam switching during the test means the UE transmitted beam directivity should be stable within the measurement time. (E///, QC)
· QC: We could add that condition to the phase continuity criteria, that no beam switch occurs.
· In the current 38.101-2, it already states that “No uplink beam switching occurs”.
· Option 2: More investigation is required on whether the existing phase tolerance can apply to the composite signal transmitted. (MTK, Apple)
Recommendation for 2nd round discussion
· Further discuss, and capture in the maintenance CR if any additional spec change is needed.

Issue 1-4-5: Removal of square brackets on the requirements
Summary of round 1 discussion:
· Proposals for FR1
· Option 1: Remove the brackets on [25] degrees and [30] degrees. (China Telecom, Nokia)
· Option 2: Not remove the brackets until we clarify the UL MIMO issues and frequency error correction issue. (MTK)
· Option 3: Remove the brackets for FR1 single-carrier non-MIMO UL (Apple)
· Proposals for FR2
· Option 1: Remove the brackets on [25] degrees. (China Telecom)
· Option 2: Not remove the brackets since the phase tolerance requirements for FR2 need further investigation as to the composite signal impact. (MTK, Apple)
Recommendation for 2nd round discussion
· Further discuss, pending on the outcome of other related issues. Capture in the maintenance CR if any agreement.

Issue 1-4-6: SCS for FR1 test
Summary of round 1 discussion:
· Proposals for FR1
· Option 1: Based on the TDD patterns in the existing spec, 30kHz SCS could be selected so that the DMRS bundling can be tested with 2 consecutive uplink time slot, see CR in R4-2209460 (E///, Verizon, Apple)
· Option 2: For 15kHz SCS, add a new TDD pattern with at least 2 consecutive UL slots to align the requirement scenarios in RF and demod discussion (China Telecom, Nokia)
GTW agreement in demod session:
· For FR1 15KHz SCS, define new TDD pattern with multiple contiguous UL slots and further discuss the exact TDD pattern
Questions to option 2:
· MTK: Is this new 15kHz configuration just for the purposes of testing or is it relevant for anything other than that?
· Apple: is there a network deployment scenario that justifies 15 kHz TDD with coverage enhancement?
Recommendation for 2nd round discussion
· Further discuss, and capture in the CR for the Annex if option 2 can be agreeable.

CRs and LS
Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
	tdoc number
	Title/Content
	CRs/TPs Status update recommendation  

	R4-2207659, Qualcomm Incorporated, China Telecom, T-Mobile USA, CMCC, Nokia
	Clarifying CA requirements for DMRS bundling
	to be revised

	R4-2209164, Huawei, HiSilicon, China Telecom, CMCC 
	CR on clarification for DMRS bundling RF requirements for SUL
	to be revised

	R4-2209165, Huawei, HiSilicon,
	CR on UE RF requirements for DMRS bundling in TS 38.101-1
	Endorsed
(Note: Resubmission of the approved CR R4-2206538)

	R4-2209458, Ericsson
	For FR1: Introduce 30kHz SCS for DMRS bundling requirement on measurement condition
	Return to

	R4-2209459, Ericsson
	For FR2: Remove the antenna connector
	Endorsed


	R4-2207864, China Telecom
	Reply LS on modulation order for DMRS bundling
	Noted. 
(Note: MediaTek will draft the LS on modulation order)

	
	
	



[bookmark: _Toc79478148]Discussion on 2nd round
In round 2, 1 sub-thread on requirements, with email title ‘[103-e][112] NR_cov_enh_maintenance - requirement (sub-thread led by China Telecom)
To the owners of the below tdocs: please send email to reflector when the draft tdocs are uploaded in the respective sub-folders in the draft inbox.
To all participated companies: please add your comments directly in each of the tdocs and upload a new version in the draft inbox.
	Index
	Tdoc title
	Moderator’s note
	Status after round 2 discussion 

	#1-1
	R4-2210548, CTC, WF on DMRS bundling for CA, SUL and FR2-2 
	Cover issues:
· Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO and TxD
· Sub-topic 1-2: Phase continuity requirements for CA/DC
· Sub-topic 1-3: Phase continuity requirements for SUL band
· Issue 1-4-2: DMRS bundling to FR2-2

	Approved  

	#1-2
	R4-2210549, MTK, LS on DMRS bundling (to RAN1/2)
	Cover issues:
· Issue 1-4-1: Restriction on modulation order for FG 30-4
· Sub-topic 1-2: Phase continuity requirements for CA/DC, if any progress can be made
· Sub-topic 1-3: Phase continuity requirements for SUL band, if any progress can be made
· Issue 1-4-2: DMRS bundling to FR2-2, if any progress can be made

	Approved 

	#1-3
	38.101-1/2: Maintenance of phase continuity requirements for DMRS bundling
R4-2210551 for 38.101-1 CR, MTK
R4-2211126 for 38.101-2 CR, MTK
	Cover issues:
· Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO (for FR1 and FR2) and TxD (for FR1), if any spec change is needed
· Issue 1-4-3: Further clarification on exceptions for phase tolerance (power control behaviour)
· Issue 1-4-4: Composite Tx signal impact in FR2
· Issue 1-4-5: Removal of square brackets on the requirements, if agreeable

	CRs in R4-2210551 and R4-2211126 are withdrawn


	#1-4
	R4-2210736, QC, 38.101-1 CR on DMRS for CA (Revision of R4-2207659)
R4-2211173, QC, 38.101-3 CR on DMRS for CA (Formal CR with CR number: 0731)
Note: With only 1 CR for 38.101-3 in this meeting (no need to merge into a big CR), formal 38.101-3 CR is to be submitted.
	
	Revision of 38.101-1 CR: withdrawn
The content in rev1 version is agreeable and is recommended to be endorsed


38.101-3 CR:
v06_Apple_QC(2) version is agreeable and is recommended to be agreed.

	#1-5
	R4-2210735, HW, CR on DMRS for SUL (Revision of R4-2209164)
	
	The revision in R4-2210735 is withdrawn.
The original CR in R4-2209164 is postponed.




	#1-6
	R4-2210734, CTC, Revision of updated summary of RF agreements
	To capture additional agreement according to offline comment
	Noted

	#1-7
	R4-2209458, E///, CR on DMRS bundling phase offset Requirment FR1, on SCS for FR1 test
	If it is agreeable to restrict the test on 30 kHz for FR1, the CR in R4-2209458 is agreeable; otherwise the CR is not pursued.
	Not pursued, since not agreeable to restrict on 30kHz SCS for FR1.





[bookmark: _Toc79478149]Topic #2: Measurements and test setup
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2209163
	Huawei, HiSilicon
	On remaining issues for NR coverage enhancements
Observation 1: Since the requirement itself is for single DMRS bundle, the motivation of introducing multiple bundles for the test is not clear.
Proposal 1: For the phase continuity test, suggest only using DMRS REs on the OFDM symbols within the test window to derive the phase value.
Proposal 2: Choose Option 2 for the phase offset measurement:
	The phase difference for each subcarrier between a reference timeslot tref and the measurement timeslot tm is then calculated as defined below:

The average phase offset between the reference and measurement timeslots are then calculated as the RMS average over the results for all subcarriers as shown below:




Proposal 3: Choose Option 2 for the time offsetfor phase offset measurement:
	· Calculate PhaseOffsetl with set to ,
· Calculate PhaseOffseth with set to ,




	R4-2210081
	MediaTek (Chengdu) Inc.
	DMRS bundling – UE RF “maintenance” aspects
Proposal 1: Issue 3-1 proposal 2 for Issue 3-1 in [1] contradicts agreed proposal 1 so should not be discussed further.
Proposal 2: For Issue 3-1, RAN4 should focus firstly on the residual frequency error that may remain after frequency correction by the TE. This may particularly be an issue due to the approach used for >8 slots phase tolerance requirements. 
Proposal 3: Any discussion about measuring X bundles to derive the pass/fail criteria shall not attempt to effectively extend the maximum duration for DMRS bundling beyond what has been agreed.

	R4-2207863
	China Telecom
	On measurement of phase continuity requirements for DMRS bundling
Observation 1: If the accumulated phase change relative to the reference time slot due to the frequency error is not mitigated, the UE may not fulfill the defined phase tolerance requirements.
Proposal 1: For specifying the accumulated phase error correction relative to the reference time slot, generic description in the Annex is preferred.
Proposal 2: Regarding the OFDM symbols for deriving the phase value, we are fine with reusing the TE implementation in the existing EVM test, i.e., to derive the phase value based on data and DMRS symbols.
Proposal 3: If several bundles are considered in the test, the intention is to increase the samples for testing, but not to test X back-to-back bundles. Regarding how to calculate phaseOffset over several bundles, option 2 with the maximum from phaseOffset over X bundles should be used, to align with the phase offset model used in the simulation.
Proposal 4: Regarding the phase offset measurement, excepting the RMS part, our preference is option 2, i.e., calculate the phase difference for each subcarrier.
Proposal 5: Regarding the phase offset for one measurement interval, we support option 3, i.e., use the maximum of the phase difference for all subcarriers over the measurement set.


	R4-2209157
	Anritsu Limited
	Phase difference measurement for DMRS bundling
[bookmark: _Hlk101171719]Observation 1: Applying a frequency correction at the UE antenna (connector) output can reduce significantly the frequency error at both reference and measured time slots and so have the effect of linear phase rotation significantly reduced.
Observation 2: Applying a common frequency correction during both reference and measured time slots at the UE antenna (connector) output can keep the relative phase rotates at the same rate than the relative frequency error between both slots, and so not having an impact on their slot relative phase errors.
Observation 3: The common frequency correction could be simply calculated as the average of the signed frequency errors of each slot of a slot pair ((slot 0 or any slot p-1), slot p) at the output uplink antenna (connector).
Observation 4: It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4.2.6 requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
Observation 5: DMRS REs are enough to perform good channel estimation.
Observation 6: For the smallest subcarrier spacing and DMRS bundling configurations containing 16 slots, the measurement interval can lead to long measurement time if the number of bundles is excessive.
Proposal 1: The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction during both reference and measured time slots at the UE antenna (connector) output.
Proposal 2: The common frequency correction should be calculated as the average of the signed frequency errors during both reference and measured time slots at the UE antenna (connector) output.
Proposal 3: The channel estimation could be determined based on DRMS REs with the option to use data symbols.
Proposal 4: The number of bundles should be dependent of the subcarrier spacing and fit in a time window of about 40ms maximum.
Proposal 5: The maximum phase difference could be determined as the maximum value of the different bundles of a measurement interval.
Proposal 6: The quadratic mean of the set of phase difference (each phase difference corresponds to a subcarriers) could be used.
Proposal 7: The steps of the measurement method as described in section 2.3.1. should be documented in Annex F.9 of the 38.101-1 and in Annex F.8 of the 38.101-2.
Proposal 8: The steps of the measurement method as described in section 2.3.2. should be documented in Annex F.9 of the 38.101-1 and in Annex F.8 of the 38.101-2.


	R4-22xxxx (New tdoc number will be allocated)
	Anritsu Limited
	Draft CR for new additions to Annex F9 related to the FR1 DMRS bundling requirements
(Note: actual content in R4-2209159)

	R4-22xxxx (New tdoc number will be allocated)
	Anritsu Limited
	Draft CR for new additions to Annex F9 related to the FR2 DMRS bundling requirements
(Note: actual content in R4-2209160)

	R4-2209457
	Ericsson
	On measurement of the TX coherent transmission
Observation 1 Without the cross-time slot phase compensation, additional phase step could be introduced in the measurement results.
Observation 2 The carrier frequency error in reference time slot will add phase offset into the measurement time slot and may fail the UE if not compensated in cross timeslot.
Proposal-1: The phase offset by frequency error in measurement time slot contributed from reference time slot should be compensated.
Observation 3 The measurement uncertainty from frequency error estimated per slot would contribute to measurement uncertainty of the DMRS bundling phase offset measurement with 20% for FR1 and 50% FR2 relative to the respective phase tolerance requirements.
Observation 4 The measurement uncertainty of the frequency error will contribute to the measurement uncertainty of the DMRS bundling phase offset if the frequency error would be estimated per time slot.
Observation 5 Estimate the frequency error in bundled time slots to improve the frequency error estimation accuracy.
Proposal-2: LS to RAN5 on whether to estimate frequency error in bundled time slots or per slots to reduce the measurement uncertainty.
Proposal-3: Two extreme positions should be used to set the FFT window. 
Proposal-4: Use RMS value over measurement set for one measurement interval.
Proposal-5: Send LS to RAN5 to consider the statistical model of phase offset when designing the test case if the peak detector is used. 
Proposal-6: Use the averaging over K = [60] bundles if the RMS detector would be used.

	R4-2209460
	Ericsson
	CR on DMRS bundling phase offset measurement FR1

	R4-2209461
	Ericsson
	CR on DMRS bundling phase offset measurement FR2



Open issues summary
Sub-topic 2-1: Frequency error correction
Issue 2-1: Frequency correction for phase tolerance test
· Proposals
· Option 1: Estimate the frequency error in bundled time slots to improve the frequency error estimation accuracy. (E///)
· E///: The phase offset by frequency error in measurement time slot contributed from reference time slot should be compensated.


Figure: phase trajectory before/after applying the frequency error correction 
with/without cross time slots phase compensation.
· China Telecom: The accumulated phase change relative to the reference time slot due to the frequency error should be mitigated, otherwise the UE may not fulfill the defined phase tolerance requirements.
· E///: The measurement uncertainty of the frequency error will contribute to the measurement uncertainty of the DMRS bundling phase offset if the frequency error would be estimated per time slot.
· E///: The measurement uncertainty from frequency error estimated per slot would contribute to measurement uncertainty of the DMRS bundling phase offset measurement with 20% for FR1 and 50% FR2 relative to the respective phase tolerance requirements.
· Option 2: The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction during both reference and measured time slots at the UE antenna (connector) output. (Anritsu)
· Anritsu: The common frequency correction could be simply calculated as the average of the signed frequency errors of each slot of a slot pair ((slot 0 or any slot p-1), slot p) at the output uplink antenna (connector).
· Anritsu: It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4.2.6 requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
· Option 3: The level of correction required shall be estimated in every slot by the TE. (Previous agreement, MTK, QC)
· MTK: Option 1 contradicts the previous RAN4 agreement so should not be discussed further. Residual frequency error after frequency correction by the TE may particularly be an issue due to the approach used for >8 slots phase tolerance requirements.
· QC: TE tolerance is considered in the MU discussion in Ran5. 
· Recommended WF
· As a basic principle, the previous agreement should be followed. Meanwhile, companies are encouraged to consider two issues: 1) accumulated phase change relative to the reference time slot, 2) TE uncertainty and residual frequency error, as discussed above. 
· Further technical discussion and response are encouraged. 
	Company
	Comments

	Rohde & Schwarz
	We prefer Option 3. Measurement uncertainty as discussed by Anritsu should be considered by RAN5 as part of the MU discussions.

	Ericsson 
	In recommended WF: 
For #1 Accumulated phase change relative to the reference time slot needs to be corrected, not to do so will fail a good UE directly , please note for #1 it does not necessary to have bundled frequency estimation, the accumulated phase could still be corrected with frequency error estimation per slot as per previous RAN4 agreement. 

For #2, the issue of CFO estimation on slot-by-slot basis is serious impact on MU discussion.  Both 1) and 2) may be better a package solution. 
Option 1 and option 2 both aiming to reduce the measurement uncertainty and it is MU related discussion. Agree with Anritsu it also relate to the slot-by-slot CFO estimation/correction. We are fine with LS to RAN5 regarding this. 

	Qualcomm
	We support option3. The picture from Ericsson, the correction can also be done in a way to keep it continuous. 

	China Telecom
	For #1 on accumulated phase change relative to the reference time slot, we agree with E/// that it will fail a good UE if not corrected, and it does not conflict with the per slot frequency error estimation, i.e., additional correction is needed on top of the per slot frequency error estimation.
Sending the issues to RAN5 is fine to us.

	MediaTek
	We appreciate the inputs on this. Without going into detail, it would be good to understand what the residual error left after these types of correction proposals would be. Also we wonder a bit why only slot 0 and slot n would be used in the uniform distribution case. We do want to avoid a UE that meets the requirements from failing.

	
	

	
	



Sub-topic 2-2: Measurement of phase difference for one bundle
Issue 2-2-1: OFDM symbols for deriving the phase value
· Proposals 
· Option 1: Only use DMRS REs (HW, QC)
· Option 2: derive the phase value based on data and DMRS symbols, if this is the existing TE implementation (China Telecom)
· Option 3: Only use DMRS REs with the option to use data symbols (Anritsu)
· Recommended WF
· In the last meeting, the main motivation of considering option 2 is to reuse the existing TE implementation, based on the feedback from Rohde & Schwarz.
· Further feedback (especially the feedback from TE experts) is encouraged, or can we agree option 1 or 3?
	Company
	Comments

	Rohde & Schwarz
	We prefer Option 2, since it is part of the existing implementation, but we can compromise to Option 3.

	Ericsson 
	Option 1.  We could compromise with option 3.

	China Telecom
	Considering the feedback from TE experts, perhaps option 3 is a compromised approach.

	Huawei
	No strong view but we would like to ask a question:
What is the difference between A) Only use DMRS and B) DMRS + Data from UE capability reflection? 
If taking all potential MU issues and/or algorithm design into consideration, the answer to the above question is: B) is always better to reflect the true UE capability on phase continuity maintenance than A), then we can compromise to Option 3.  

	Nokia
	Support Option 1

	
	

	
	



Issue 2-2-2: Phase offset measurement
· Proposals 
· Option 1
The average phase for each slot i is then calculated independently, as shown below: 

with the individual average phases for each slot calculated as per the formula above.

· Option 1A: Option 1 with square root removed (QC)
· Option 2: (HW, Anritsu, E///, [China Telecom])
The phase difference for each subcarrier between a reference timeslot tref and the measurement timeslot tm is then calculated as defined below:

The average phase offset between the reference and measurement timeslots are then calculated as the RMS average over the results for all subcarriers as shown below:

· HW: for Option 1 the average operation in frequency domain is introduced in the first place and normally the RB allocation number could be large.
· E///: For option 1, the phase response per subcarrier may be frequency selective across a big RB number. Option 2 implies that there is no assumption over the phase response but to measure the phase offset per subcarrier and derive the RMS over a large data set.
· Anritsu: prefer each phase difference corresponds to a subcarrier.
· China Telecom: Support Option 2 excepting the RMS part, i.e., the maximum instead of RMS should be used. Option 1 with the average of the absolute phase values at different SCSs is not preferred.
· Recommended WF
· Is option 2 (excepting the RMS part) with majority support agreeable? Note that whether to use RMS value is discussed separately in Issue 2-2-3.
	Company
	Comments

	Rohde & Schwarz
	Option 2 is ok for us. For whether we use RMS or some other form of deriving the final value (e.g. maximum of all values), we can follow the majority view.

	Ericsson 
	Option 2. RMS or not can be discussed in 2-2-3.   

	Qualcomm
	Option 1A. Agree that this should not be RMS average since that math makes sense if the physical process supports also negative values. Phsse offset can not be negative. Why we now want to weight the average if we used uniform distribution in the simulations. We could have used normal distribution and then use RMS average.
Also, option 2 with RMS average makes this frequency dependent, if say one subcarrier has bad phase discontinuity, then that result gets big weight. We should just take the average phase of a slot over all subcarriers and compare that to the reference slot.  

	China Telecom
	Support option 2 excepting the RMS part, given the reasons from HW, E///, Anritsu and China Telecom above.

	Nokia
	Support option 2

	
	

	
	



Issue 2-2-3: Average of phase tolerances within one bundle
· Proposals 
· Option 1: Use RMS value over measurement set (each subcarrier between a reference timeslot tref and the measurement timeslot tm ) for one measurement interval (E///)
· QC: RMS AVG would give unintentional bias
· China Telecom: If RMS averaging will be used, the agreed phase offset values need to be revisited.
· Option 2: use average over measurement set for one measurement interval (QC)
· Option 3: use maximum over measurement set for one measurement interval (China Telecom)
· Recommended WF
· Encourage feedback
	Company
	Comments

	Rohde & Schwarz
	No strong view.

	Ericsson 
	Option 1. The uniform distribution offset is used as phase offset model.  It is methmatical exchangeable between RMS and maximum detector. 

	Qualcomm
	Option 2, see previous item. Uniform distribution for each slots phase, and same for each subcarrier was used in simulations. How now that means RMS (weighted average) where larger values get bigger weight? We can discuss converting agreed values to RMS values but since the phase offset is not periodic function and therefore RMS can not be calculated, it needs statistical simulations. 
I do see one issue we have not agreed is how does one come up with a slots average phase over the subcarriers and timesample. That should be linear average.  Option 3 is not our opreferrence but we can live with it too since sims were done with uniform distribution. 

	China Telecom
	Option 3, which is aligned with the model we used in the simulation.
If option 1 or option 2 is to be considered, the requirement values need to be revisited. 

	Huawei
	Option 3. Option 1 or 2 is a relaxation to UE from our understanding.

	Nokia
	Support Option 1

	
	




Issue 2-2-4: Time offset  
· Proposals 
· Option 1: TX chain equalizer coefficients are calculated once per slot with [image: ] set to [image: ], as described in Annex F.4 (QC)
· QC: Going with option 2 make this test about inter-symbol interference test
· Option 2 (HW, E///)
· calculate PhaseOffsetl with  set to ,
· calculate PhaseOffseth with  set to .
· E///: There is no certainty that the delay spread will be confined within the CP/2 and the CP itself is configurable, as such testing the two extreme position as the same as EVM would be appropriated.
· HW: To our understanding, the main reason for introducing symmetrical FFT window (EVMh and EVMl) is to exclude the impacts from the jitter caused by PA output power roll-up/roll-off.
· Recommended WF
· Encourage further discussion
	Company
	Comments

	Rohde & Schwarz
	We support Option 1. There is only a single channel estimation performed at [image: ] in a given slot, from this we take the equalizer coefficients. Doing measurements in a high and low part in a slot impacts the EVM; but it as no impact on the channel estimation, from which we take the coefficients to derive the measurement results. So Option 2 does not make sense in this case.

	Ericsson 
	Option 2. EVM is measured with equalized data, and equalizer coefficients derived from channel estimation, if EVM would  be impacted by timing error, so the equalization coefficient and so do the channel estimation?

	Qualcomm
	Stil option 1 and agree with R&S. 
To Ericsson: if EVM is dependent on timing error, then we have an other test to capture that problem. 

	
	

	
	

	
	

	
	



Sub-topic 2-3: Necessity and approach of testing multiple bundles
Issue 2-3-1: Measurement interval
· Intention of testing multiple bundles if considered
· Option 1: Any discussion about measuring X bundles to derive the pass/fail criteria shall not attempt to effectively extend the maximum duration for DMRS bundling beyond what has been agreed. (MTK, China Telecom, QC)
· For the details, for example, the bundles are not consecutive but scheduled separately with at least 10 msec in between them (QC)
· Whether to use multiple bundles for the test
· Option 1: The motivation of introducing multiple bundles for the test is not clear (HW)
· HW: the requirement itself is for single DMRS bundle
· Option 2: The total time window of multiple bundles should not exceed about 40ms. (Anritsu)
· Option 3: The number of bundles tested should be large enough to ensure no TE error will cause known good UE to fail (QC)
· Option 4: Send LS to RAN5 to consider the statistical model of phase offset when designing the test case if the peak detector is used. 
· Recommended WF
· For the intention of testing multiple bundles if considered, option 1 is agreeable?
· Further discuss whether to use multiple bundles for the test in RAN4, or send LS to RAN5? If it can be decided in RAN4 to use multiple bundles, what is the criterion to choose the number of bundles?
	Company
	Comments

	Ericsson 
	Option 1 is fine with us. I think it also depend on the RMS / peak detector discussion in issue 2-2-3.  If the peak detector would be used, it will be better to increase the sample size to reduce the MU. Also we think that for 2 slot maximum duration, then only 1 slot is measured between reference time slot and measured time slot. The same size may be not enough to give a good MU.  Refer to EVM test with reference signal, 60 repetition could be followed here.

	Qualcomm
	If the reason to add multiple bundles is MU then we should let ran5 handle this repeated bundles issue. They do not even need LS about this.  

	China Telecom
	· Intention of testing multiple bundles if considered: option 1
· Whether to use multiple bundles for the test: send LS to RAN5 is ok

	Mediatek
	Option 1. But also ok to let RAN5 handle it.

	Nokia
	We are fine with Option 1 for “Intention of testing multiple bundles if considered”. 
Whether to use multiple bundles for the test: let RAN5 handle this issue. 

	
	

	
	



Issue 2-3-2: Calculation of phaseOffset over several bundles
· Proposals 
· Option 1: maximum from phaseOffset over X bundles (China Telecom, Anritsu)
· China Telecom: to align with the phase offset model used in the simulation.
· Option 2: The test procedure should be such that the bundle with the smallest measured maximum phase offset between slots in one bundle shall be used as the test criteria (QC)
· Recommended WF
· Encourage feedback
	Company
	Comments

	Ericsson 
	Option 3. RMS average between different bundles as the same as EVM average over the basic EVM measurement over n slots.  

	Qualcomm
	Option 1 means UE is tested multiple times and if one test fails, then UE fails the test. We should let ran5 handle this. Maybe we can advice them with an LS and ask if multiple bundles need to be tested because test accuracy issues. 

	China Telecom
	Option 1 or send LS to RAN5.

	Huawei
	If we go with Option 1 for the previous issue, then we should also follow Option 1 here. Also OK to leave it to RAN5.

	
	

	
	

	
	



Companies views’ collection for 1st round
Open issues 
Provided under each issue in section 2.2
CR comments collection
	tdoc number
	Title/Content
	Comment collection

	R4-2210344  
(Note: actual content in R4-2209159)
	Draft CR for new additions to Annex F9 related to the FR1 DMRS bundling requirements
	Rohde & Schwarz: CR should be revised with the outcomes of the discussion points above. 

	
	
	

	
	
	

	
	
	

	R4-2210345
(Note: actual content in R4-2209160)
	Draft CR for new additions to Annex F8 related to the FR2 DMRS bundling requirements
	Rohde & Schwarz: CR should be revised with the outcomes of the discussion points above.

	
	
	

	
	
	

	
	
	

	R4-2209460, Ericsson
	CR on DMRS bundling phase offset measurement FR1
	Rohde & Schwarz: Same comment as for Anritsu CR above, only one of the CRs is needed, which should be updated based on the discussion in round 1.

	
	
	

	
	
	

	
	
	

	R4-2209461, Ericsson
	CR on DMRS bundling phase offset measurement FR2
	Rohde & Schwarz: Same comment as for Anritsu CR above, only one of the CRs is needed, which should be updated based on the discussion in round 1.

	
	
	

	
	
	

	
	
	



Summary for 1st round
Sub-topic 2-1: Frequency error correction
Issue 2-1: Frequency correction for phase tolerance test
GTW Agreement in RAN4 #102e: 
· The level of correction required shall be estimated in every slot by the TE.
Summary of round 1 discussion:
· On the accumulated phase change relative to the reference time slot
· E///, China Telecom: Accumulated phase change relative to the reference time slot needs to be corrected, and the accumulated phase could still be corrected with frequency error estimation per slot as per previous RAN4 agreement.
· QC: the correction can also be done in a way to keep it continuous.
· R&S, E///, China Telecom, QC: fine with sending LS to RAN5
· On TE uncertainty and residual frequency error
· R&S, E///, China Telecom, QC: fine with sending LS to RAN5
Recommendation for 2nd round discussion
· Send the issues to RAN5. 

Sub-topic 2-2: Measurement of phase difference for one bundle
Issue 2-2-1: OFDM symbols for deriving the phase value
Summary of round 1 discussion:
· Option 1: Only use DMRS REs (HW, QC, E///, Nokia)
· Option 2: derive the phase value based on data and DMRS symbols, since this is the existing TE implementation (Rohde & Schwarz)
· Option 3: Only use DMRS REs with the option to use data symbols (Anritsu, Rohde & Schwarz, E///, China Telecom, HW)
Recommendation for 2nd round discussion
· Check if option 3 is agreeable, and capture option 3 in the draft CR.

Issue 2-2-2: Phase offset measurement
Summary of round 1 discussion:
· Option 1 below with square root removed (QC)
The average phase for each slot i is then calculated independently, as shown below: 

with the individual average phases for each slot calculated as per the formula above.

· Option 2 below and without the RMS part (RMS or not is discussed in 2-2-3) (HW, Anritsu, E///, China Telecom, Rohde & Schwarz, Nokia)
The phase difference for each subcarrier between a reference timeslot tref and the measurement timeslot tm is then calculated as defined below:

The average phase offset between the reference and measurement timeslots are then calculated as the RMS average over the results for all subcarriers as shown below:

Recommendation for 2nd round discussion
· Check if option 2 (without the RMS part) with majority support is agreeable, and if so, capture option 2 in the draft CR.
· Whether to use RMS value is discussed separately in Issue 2-2-3.

Issue 2-2-3: Average of phase tolerances within one bundle
Summary of round 1 discussion:
· Option 1: Use RMS value over measurement set (each subcarrier between a reference timeslot tref and the measurement timeslot tm ) for one measurement interval (E///, Nokia)
· E///: It is mathematical exchangeable between RMS and maximum detector. 
· QC: RMS AVG would give unintentional bias, and RMS needs statistical simulations
· China Telecom: If RMS averaging will be used, the agreed phase offset values need to be revisited.
· HW: Option 1 or 2 is a relaxation to UE from our understanding.
· Option 2: use average over measurement set for one measurement interval (QC)
· Option 3: use maximum over measurement set for one measurement interval (China Telecom, HW, QC - compromise)
· To align with the model we used in the simulation
Recommendation for 2nd round discussion
· Option 1 with RMS has been discussed for several meetings without agreement, and option 3 is aligned with the model used in the simulation. To conclude the measurement CRs in this meeting, it is proposed to go with option 3, and capture option 3 in the draft CRs.


Issue 2-2-4: Time offset  
Summary of round 1 discussion:
· Option 1: TX chain equalizer coefficients are calculated once per slot with [image: ] set to [image: ], as described in Annex F.4 (QC, R&S)
· QC: Going with option 2 make this test about inter-symbol interference test
· R&S, QC: There is only a single channel estimation performed at [image: ] in a given slot. Doing measurements in a high and low part in a slot impacts the EVM; but it as no impact on the channel estimation.
· Option 2 (HW, E///)
· calculate PhaseOffsetl with  set to ,
· calculate PhaseOffseth with  set to .
· E///: There is no certainty that the delay spread will be confined within the CP/2 and the CP itself is configurable, as such testing the two extreme position as the same as EVM would be appropriated.
· HW: To our understanding, the main reason for introducing symmetrical FFT window (EVMh and EVMl) is to exclude the impacts from the jitter caused by PA output power roll-up/roll-off.
Recommendation for 2nd round discussion
· Based on round 1 discussion, the reasons to support option 2 from proponents are different. For the reason from Huawei, it can be resolved by the feedback from R&S and QC (i.e., with only DMRS symbols used for channel estimation). 
· Check if option 1 is more reasonable? Capture in the draft CR.

Sub-topic 2-3: Necessity and approach of testing multiple bundles
Issue 2-3-1: Measurement interval
Summary of round 1 discussion:
· Intention of testing multiple bundles if considered
· Option 1: Any discussion about measuring X bundles to derive the pass/fail criteria shall not attempt to effectively extend the maximum duration for DMRS bundling beyond what has been agreed. (MTK, China Telecom, QC, E///, Nokia)
· For the details, for example, the bundles are not consecutive but scheduled separately with at least 10 msec in between them (QC)
· Whether to use multiple bundles for the test
· Option 4: Send LS to RAN5 (QC, China Telecom, MTK, Nokia). 
· Option 5: it also depend on the RMS / peak detector discussion in issue 2-2-3. (E///)
Tentative agreement:
· Intention of testing multiple bundles if considered
· Any discussion about measuring X bundles to derive the pass/fail criteria shall not attempt to effectively extend the maximum duration for DMRS bundling beyond what has been agreed.
Recommendation for 2nd round discussion
· With the intention agreed above, send LS to RAN5 on whether or not multiple bundles need to be tested due to test accuracy issues

Issue 2-3-2: Calculation of phaseOffset over several bundles
Summary of round 1 discussion:
· Option 1: maximum from phaseOffset over X bundles (China Telecom, Anritsu, HW)
· China Telecom: to align with the phase offset model used in the simulation.
· Option 2: let ran5 to decide (QC, China Telecom, HW)
· Option 3: RMS average between different bundles (E///)
Recommendation for 2nd round discussion
· Check if it is agreeable to let RAN5 to decide, and if so, capture in the LS to RAN5 

CRs
Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
	tdoc number
	Title/Content
	CRs Status update recommendation  

	R4-2210344, Anritsu  
(Note: actual content in R4-2209159)
	Draft CR for new additions to Annex F9 related to the FR1 DMRS bundling requirements
	Merged

	R4-2210345, Anritsu  
(Note: actual content in R4-2209160)
	Draft CR for new additions to Annex F8 related to the FR2 DMRS bundling requirements
	Merged

	R4-2209460, Ericsson
	CR on DMRS bundling phase offset measurement FR1
	Revised, and add Anritsu  as co-sourcing company

	R4-2209461, Ericsson
	CR on DMRS bundling phase offset measurement FR2
	Revised, and add Anritsu  as co-sourcing company



Discussion on 2nd round
In round 2, 1 sub-thread on measurements, with email title ‘[103-e][112] NR_cov_enh_maintenance - measurement’ (sub-thread led by Ericsson)
To the owners of the below tdocs: please send email to reflector when the draft tdocs are uploaded in the respective sub-folders in the draft inbox.
To all participated companies: please add your comments directly in each of the tdocs and upload a new version in the draft inbox.
	Index
	Tdoc title
	Moderator’s note
	Status after round 2 discussion

	#2-1
	R4-2210550, E///, LS to RAN5 on measurement of phase continuity requirements for DMRS bundling
	Cover issues:
· Issue 2-1: Frequency correction for phase tolerance test
· Sub-topic 2-3: Necessity and approach of testing multiple bundles

	LS:

R4-2210550 is approved


	#2-2
	CRs on DMRS bundling phase offset measurement FR1 and FR2
R4-2210737, Ericsson, Anritsu Limited, FR1 CR
R4-2210738, Ericsson, Anritsu Limited, FR2 CR
	Cover issues:
· Issue 1-4-6: SCS for FR1 test, if option 2 with new TDD pattern for 15kHz can be agreeable
· Issue 2-2-1: OFDM symbols for deriving the phase value
· Issue 2-2-2: Phase offset measurement
· Issue 2-2-3: Average of phase tolerances within one bundle
· Issue 2-2-4: Time offset

	CRs:

R4-2210737  and R4-2210738 are to be  agreed




0 Recommendations for Tdocs
0.1 [bookmark: _Toc79478150]1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	R4-2210344
	Draft CR for new additions to Annex F9 related to the FR1 DMRS bundling requirements
	Anritsu Limited
	The new tdoc number was already allocated.
This draft CR is merged.

	R4-2210345
	Draft CR for new additions to Annex F9 related to the FR2 DMRS bundling requirements
	Anritsu Limited
	The new tdoc number was already allocated.
This draft CR is merged.

	
	WF on DMRS bundling for CA, SUL and FR2-2
	China Telecom
	Capture the following issues:
Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO and TxD
Sub-topic 1-2: Phase continuity requirements for CA/DC
Sub-topic 1-3: Phase continuity requirements for SUL band
Issue 1-4-2: DMRS bundling to FR2-2

	
	LS on DMRS bundling
	MediaTek
	To RAN1, RAN2

Capture the following issue:
Issue 1-4-1: Restriction on modulation order for FG 30-4
Capture the following issues if any progress can be made:
Sub-topic 1-2: Phase continuity requirements for CA/DC
Sub-topic 1-3: Phase continuity requirements for SUL band
Issue 1-4-2: DMRS bundling to FR2-2


	
	LS on measurement of phase continuity requirements for DMRS bundling
	Ericsson
	To RAN5
Capture the following issues:
Issue 2-1: Frequency correction for phase tolerance test
Sub-topic 2-3: Necessity and approach of testing multiple bundles

	
	draft CR to TS 38.101-1: Maintenance of phase continuity requirements for DMRS bundling
	MediaTek
	Capture the following issues:
Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO and TxD (if any spec chage is needed)
Issue 1-4-3: Further clarification on exceptions for phase tolerance (power control behaviour)
Issue 1-4-5: Removal of square brackets on the requirements

	
	draft CR to TS 38.101-2: Maintenance of phase continuity requirements for DMRS bundling
	MediaTek
	Capture the following issues:
Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO (if any spec chage is needed)
Issue 1-4-3: Further clarification on exceptions for phase tolerance (power control behaviour)
Issue 1-4-4: Composite Tx signal impact in FR2
Issue 1-4-5: Removal of square brackets on the requirements



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2207861
	
	Updated summary of RF agreements for NR coverage enhancements WI
	China Telecom
	Revised
	Capture additional agreement according to offline comment

	R4-2209163
	
	On remaining issues for NR coverage enhancements
	Huawei, HiSilicon
	Noted
	

	R4-2209164
	
	CR on clarification for DMRS bundling RF requirements for SUL in TS 38.101-1
	Huawei, HiSilicon
	Revised
	Capture the following issues:
Sub-topic 1-3: Phase continuity requirements for SUL band

	R4-2209165
	
	CR on UE RF requirements for DMRS bundling in TS 38.101-1
	Huawei, HiSilicon
	Endorsed
	Resubmission of the approved CR R4-2206538

	R4-2210081
	
	DMRS bundling – UE RF “maintenance” aspects
	MediaTek (Chengdu) Inc.
	Noted
	

	R4-2207657
	
	Discussion on additional requirements for DMRS bundling
	Qualcomm Incorporated, China Telecom, T-Mobile USA, Verizon, CMCC
	Noted
	

	R4-2207659
	
	CR 38.101-1 DMRS for CA
	Qualcomm Incorporated, China Telecom, T-Mobile USA, CMCC, Nokia
	Revised
	Capture the following issues:
Sub-topic 1-2: Phase continuity requirements for CA/DC

	R4-2207695
	
	On coverage enhancement combined with UL MIMO
	Apple
	Withdrawn
	

	R4-2207862
	
	Maintenance of phase continuity requirements for DMRS bundling
	China Telecom
	Noted
	

	R4-2207864
	
	Reply LS on modulation order for DMRS bundling
	China Telecom
	Noted
	

	R4-2209456
	
	remaining issue related to DMRS bundling requirement
	Ericsson
	Noted
	

	R4-2209458
	
	CR on DMRS bundling phase offset Requirment FR1
	Ericsson
	Return to
	

	R4-2209459
	
	CR on DMRS bundling phase offset Requirment FR2
	Ericsson
	Endorsed
	

	R4-2210215
	
	Handling of UL CA for DMRS bundling
	Qualcomm Incorporated
	Noted
	

	R4-2207863
	
	On measurement of phase continuity requirements for DMRS bundling
	China Telecom
	Noted
	

	R4-2209157
	
	Phase difference measurement for DMRS bundling
	Anritsu Limited
	Noted
	

	R4-2209158
	
	Draft CR for new additions to Annex F9 related to the FR1 DMRS bundling requirements
	Anritsu Limited
	withdrawn
	

	R4-2209159
	
	Draft CR for new additions to Annex F9 related to the FR2 DMRS bundling requirements
	Anritsu Limited
	withdrawn
	

	R4-2209457
	
	On measurement of the TX coherent transmission
	Ericsson
	Noted
	

	R4-2209460
	
	CR on DMRS bundling phase offset measurement FR1
	Ericsson
	Revised, and add “Anritsu Limited” as co-sourcing company
	Capture the following issues:
Issue 1-4-6: SCS for FR1 test, if option 2 with new TDD pattern for 15kHz can be agreeable
Issue 2-2-1: OFDM symbols for deriving the phase value
Issue 2-2-2: Phase offset measurement
Issue 2-2-3: Average of phase tolerances within one bundle
Issue 2-2-4: Time offset

	R4-2209461
	
	CR on DMRS bundling phase offset measurement FR2
	Ericsson
	Revised, and add “Anritsu Limited” as co-sourcing company
	Capture the following issues:
Issue 2-2-1: OFDM symbols for deriving the phase value
Issue 2-2-2: Phase offset measurement
Issue 2-2-3: Average of phase tolerances within one bundle
Issue 2-2-4: Time offset



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents
[bookmark: _GoBack]
0.2 [bookmark: _Toc79478151]2nd round 
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2210548
	
	WF on DMRS bundling for CA, SUL and FR2-2
	China Telecom
	approved
	Change the tdoc title to be “WF on DMRS bundling”, since TxD/MIMO aspects are also covered in the WF, and FR2-2 aspect was removed.

	R4-2210549
	R4-2211225
	LS on DMRS bundling
	MediaTek
	revised
	

	R4-2211225
	
	LS on DMRS bundling
	MediaTek
	approved
	

	R4-2210551

	
	draft CR to TS 38.101-1: Maintenance of phase continuity requirements for DMRS bundling
	MediaTek
	withdrawn
	

	R4-2211126
	
	draft CR to TS 38.101-2: Maintenance of phase continuity requirements for DMRS bundling
	MediaTek
	withdrawn
	

	R4-2210736

	
	CR 38.101-1 DMRS for CA
	Qualcomm Incorporated, China Telecom, T-Mobile USA, CMCC, Nokia
	withdrawn 

	The original CR in R4-2207659 is postponed.

	R4-2211173

	
	DMRS bundling for CA and DC 

	Qualcomm
	agreed
	

	R4-2210735
	
	CR on clarification for DMRS bundling RF requirements for SUL in TS 38.101-1
	Huawei, HiSilicon
	withdrawn
	The original CR in R4-2209164 is postponed.

	R4-2210734
	
	Updated summary of RF agreements for NR coverage enhancements WI
	China Telecom
	Noted
	

	R4-2209458
	
	CR on DMRS bundling phase offset Requirment FR1
	Ericsson
	Not pursued
	

	R4-2210550
	
	LS on measurement of phase continuity requirements for DMRS bundling
	Ericsson
	approved
	

	R4-2210737

	
	CR on DMRS bundling phase offset measurement FR1
	Ericsson, Anritsu Limited
	Agreed 
	A styling issue was pointed out.

	R4-2210738
	
	CR on DMRS bundling phase offset measurement FR2
	Ericsson, Anritsu Limited
	Agreed 
	

	R4-2209165
	
	CR on UE RF requirements for DMRS bundling in TS 38.101-1
	Huawei, HiSilicon
	Endorsed -> Agreed
	Change the status from “Endorsed” to “Agreed”, since no big CR is planned for Rel-17 maintenance

	R4-2209459
	
	CR on DMRS bundling phase offset Requirment FR2
	Ericsson
	Endorsed-> Agreed
	Change the status from “Endorsed” to “Agreed”, since no big CR is planned for Rel-17 maintenance

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	




	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
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Contact information
	Company
	Name
	Email address

	T-Mobile USA
	Bill Shvodian 
	bill.shvodian@t-mobile.com

	AT&T
	Ron Borsato
	ronald.borsato@att.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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