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Introduction
This email thread discusses the phase continuity and power consistency across PUSCH/PUCCH transmissions and the corresponding RF requirements for NR coverage enhancements WI in AI 9.17, including the following sub-topics:
· Sub-topic 1-1: Non-zero un-scheduled gap
· Sub-topic 1-2: Non-zero gap with other uplink transmissions
· Sub-topic 1-3: Answers to the latest questions from RAN1
· Sub-topic 1-4: Simulation assumptions and results for the tolerance of phase continuity and amplitude consistency
· Sub-topic 1-5: Tx switching scenario

List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: Invite companies to review the recommended WF and provide comments directly under each issue in section 1.2.
· 2nd round: prepare the WF and reply LS to RAN1.

Topic #1: Phase continuity and power consistency for PUSCH and PUCCH transmissions
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2108800
	Qualcomm Incorporated
	We discussed aspects for the DMRS bundling and made the following observations:
Observation 1: Question 1 is unclear and RAN4 needs more information about TPMI cases before answer can be provided from UE tx point of view.
Observation 2: With TA phase changes but reference for phase continuity is unclear. RAN4 needs more information about this use case
We also made the following proposals:
Proposal 1: Length of a gap between repetitions where UE maintains phase is exactly no longer than 13 symbols. 
Proposal 2: In the case of different channel in between two repetitions, a guard period before returning to the repetitions is defined. Length of guard period is Y is FFS but shall not exceed 2 symbols. 
Proposal 3: For intra-band CA, the same assumptions for phase continuity hold as for single CC cases. 
Proposal 4: When two bands are configured with repetitions, only one of them can have other channel/signals in between repetitions and UE keeps phase contiguous.  
Proposal 5: If tx switching occurs between repetitions, phase continuity is lost for any band included in the band pair that is part of tx swithing 
Proposal 6: Down-link reception is any instance when UE expected to receive any DL channels or signals including measurements from an other band if UE needs an interruption. 

	R4-2109012
	Sony
	In this contribution, we have discussed phase continuity for PUCCH and PUSCH repetition and UE configuration for enhanced Joint Channel Estimation in TDD. The following observations and proposal are made:
Observation 1: Depending on the implementation, it may be possible for a UE to retune the phase so as to maintain phase continuity in-between repetitions if either the power of other signals/channels in-between the repetitions is different from the power of the repetitions, or the PRB content of the channels/signals in-between is different
Observation 2: The feasibility of a use case and UE implementation complexity is up to the acceptable phase/amplitude tolerance for the network to perform a joint channel estimation over PUCCH and PUSCH repetition. 
Observation 3: The tolerance of phase discontinuity on the network side depends on the estimator design, frequency span of the pilot signal and SNR level. 
Observation 4: It is possible for the network to handle moderated phase discontinuity while obtaining more accurate channel estimation by performing joint channel estimation over uplink transmission repetitions. 
Observation 5: The cases of a downlink reception without actual DL transmission/ DL monitoring occasions and of an un-scheduled symbol in between PUSCH or PUCCH repetition are similar. Therefore, it is possible to have a DL slot while maintaining the phase/amplitude continuity under such a scenario.
Observation 6: It is possible to keep the Tx chain on during the DL slots if the UE supports high isolation between the Tx and Rx chains. 
Observation 7: Enabling phase/amplitude continuity when there is a DL slot in between PUSCH or PUCCH repetition could benefit the uplink coverage under high UL/DL ratio scenarios, e.g., uplink video streaming.
Proposal 1: RAN4 should study the acceptable phase/amplitude variation tolerance before concluding the feasibility of a specific use case. 
Proposal 2:  RAN4 shall further study the scenario where DL slots between PUSCH or PUCCH repetition from both UE implementation and network tolerance aspects conclude its feasibility. 

	R4-2109263
	InterDigital Communications
	In this contribution we made the following observations and proposals:
Observation 1: In both case TA and gradual timing adjustment operation, in adjacent contiguous transmissions in a repetition window may result just in a delayed or a shorter slot, without phase continuity impact from the UE point of view since the RF frontend will maintain its status.

Observation 2: The base station will see a phase discontinuity when the UE executes a gradual timing adjustment during a repetition window.

Proposal 1: Q1 Answer: Applying the same TPMI precoder across PUSCH transmissions is a necessary condition to keep phase continuity across PUSCH transmissions.

Proposal 2: Q2 answer: For the adjacent slots in a repetition window the application of the TA commands or gradual timing adjustment are not impacting the phase continuity from the UE perspective, but at least for the gradual timing adjustment (which is unknown for the base station) the base station receiver will perceive a slight phase difference between the slot before and the one after the timing adjustment. 

Proposal 3: Q2 answer: Option 2) is the correct interpretation. Whenever the UE has to switch RF mode from transmission to reception mode meaning DL reception or DL monitoring, the RF frontend transmission side has to be switched off. 


	R4-2109581
	China Telecom
	This contribution presented our views on the answers to RAN1 questions and the simulation assumptions for the required tolerance, with the following proposals:
Proposal 1: Answer to RAN1 Q1:
“Applying the same TPMI precoder across PUSCH transmissions” is not a necessary condition to keep phase continuity across PUSCH transmissions from RF perspective, and whether it is a necessary condition to enable joint channel estimation across PUSCH transmissions from baseband perspective is up to RAN1 discussion.
Proposal 2: Answer to RAN1 Q3:
From RAN4 perspective, interpretation #1 is correct. In the downlink symbols, if there is no actual DL transmission from gNB to the UE and/or no DL monitoring occasions is configured, phase continuity can be maintained if the additional conditions in the reply LS in R4-2105417 can be met.
Proposal 3: Use the following assumptions to evaluate the required tolerance of the phase continuity and amplitude consistency:
· Number of repetitions:
0. FDD: 8, 16, 32 for PUSCH, 8 for PUCCH
0. TDD: 2 for PUSCH and PUCCH
· Duplex mode and SCS:
0. FR1: FDD 15kHz, TDD 30kHz
0. FR2: TDD 120kHz
· Waveform for PUSCH: DFT-s-OFDM, CP-OFDM
· Propagation condition:
0. FR1: TDLA30-10, TDLC300-100
0. FR2: TDLA30-300
· Antenna configuration: 1Tx at UE, 2Rx at BS
· DMRS configuration for PUSCH: DMRS type 1 with single-symbol front-loaded, no additional DMRS
· PUSCH/PUCCH duration: 14 OFDM symbols
· PRB number: 4 for PUSCH, 1 for PUCCH
· Modulation order for PUSCH: QPSK, 16QAM 
· PUCCH format: format 1

	R4-2109743
	Nokia, Nokia Shanghai Bell
	In this contribution, we proposed the following for phase continuity and power consistency for PUSCH and PUCCH repetitions:
Proposal 1. For power consistency and phase continuity for PUSCH and PUCCH repetitions, new or existing off power requirements for shorter duration than 1 msec should not be considered.
Proposal 2. For power consistency and phase continuity for PUSCH and PUCCH repetitions, maximum value of X un-scheduled symbols between adjacent PUSCH/PUCCH repetitions should be defined per subcarrier spacing and less than 1ms.  The non-zero un-scheduled gap of less than 14, 28, 56, and 112 symbols for SCS of 15, 30, 60, and 120 kHz, respectively, should be considered.
In addition, the following are observed:
Observation 1. “Applying the same TPMI precoder across PUSCH transmissions” and “no TA adjustment in between PUCCH transmissions or PUSCH transmissions” are the two necessary conditions to apply joint channel estimation. 
Observation 2. “Downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.

	R4-2110611
	ZTE Corporation
	Question 1: In addition to the conditions provided in R4-2103393, can RAN4 please confirm that “Applying the same TPMI precoder across PUSCH transmissions” is also a necessary condition to keep phase continuity across PUSCH transmissions? 
Proposed reply: Yes, otherwise if different TPMI precoder across PUSCH transmission is applied, phase continuity across PUSCH transmission would be broken by TPMI precoder; In addition, it should be noted that phase and amplitude alignment between different UE Tx chain should also been maintained across different PUSCH repetitions.
Question 2: Whether “no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is another necessary condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions?
Proposed reply: Yes, otherwise if TA adjustment is applied across different PUCCH or PUSCH transmission, then phase continuity would also be broken.
Question 3: There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Proposed reply: no downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case, here no downlink reception means UE cannot switch from UL to DL and DL to UL, otherwise UE needs to switch Tx chain OFF and switch it ON which would result in some unknown phase shift after UL/DL switching.  

	R4-2110612
	ZTE Corporation
	In this contribution, we shared some further analysis on the remaining open issues listed in the approved WF [1] and some proposals and observations are made as following:
Proposal 1: OFF power requirement for non-zero un-scheduled gap should still be guaranteed and some extended testing uncertainty could be considered due to less measurement time compared with Rel-15/16.
Proposal 2: the length of non-zero un-scheduled gap could be up to 14 symbols;
Proposal 3: not consider non-zero gap with other signals/channels with different configurations (e.g. power, PRB content) for UE in Rel-17.
Proposal 4: to propose the phase error between different repetitions within 10o-30o.
Proposal 5: to propose the amplitude error between different repetitions less than 0.5dB.

	R4-2111156
	MediaTek Inc.
	The following observations and proposals are made regarding the study points agreed in RAN4#98bis-e:
Observation 1: OFF power requirement observed during the non-zero unscheduled gap cannot be assumed to be achievable if phase is to be maintained. 
Proposal 1: Agree that OFF power level cannot be achieved during non-zero unscheduled gap.
Observation 2: Up to 14 symbols gap could be achieved with UE transmitter ON during the gap. However, there would be a detrimental impact to UE power consumption, and possibly impact to system level performance may be observed.
Proposal 2: Highlight to RAN1 that the longer the gap the more detriment there is to UE power consumption.
Proposal 3: Agree that phase cannot be guaranteed to be maintained if other signals are present during the gap with different power settings or different PRB configuration.
Observation 3: Maintaining phase while inserting a DL slot within a non-zero gap, is likely to cause DL reception issues for the same UE when transmitter is ON. Antenna isolation is not likely to achieve the required antenna isolation to overcome this issue without also impacting coverage performance. 
Proposal 4: Do not consider further the case where there is a DL slot within a non-zero gap.
The following observations and proposals are made regarding how to respond to the latest RAN1 LS:
Observation 4: Phase continuity following a change of TPMI precoder cannot be generically assumed. Base Station vendors should also comment on ability to perform Joint Channel Estimation when TPMI changes.
Proposal 5: RAN4 to agree that “no TA adjustment” is a necessary condition to keep phase continuity.
Proposal 6: RAN4 to reply to RAN1 that in-between PUSCH/PUCCH repetitions, the UE shall not be required to receive any DL signal, meaning that the UE shall not be required to receive any DL transmission and shall not be required to perform any DL monitoring.

	R4-2111194
	Ericsson
	In this contribution, the phase continuity issue is further discussed based on the modeling of the phase distortion from different RF block with below proposal:
Observation#1: The phase jump introduced to 10 PRB transmission with time error of +/- 130ns could be 168 degree.
Observation#2: The narrowband transmission will be less impacted by transmission time error.
Proposal-1: RAN4 discuss how to handle the transmission error in general.
Observation#3: There could be a phase jump added to the repetition signal due to the CFO for non-zero gap transmission.
Observation#4: Previous LS response to RAN1 needs further clarification that the conclusion is only hold when phase noise, time eror and residual CFO effect is ignored.
Proposal-2: CFO, time error and phase noise need to be further investigated in the link layer simulation.
Observation#5: The un-scheduled gap between uplink transmission for e.g Type B PUSCH, PUCCH is already in Rel-15-16, there may be missing corresponding UE RF behaviour for it.
Proposal-3: RAN4 investigate the UE RF behavior for un-scheduled gap between uplink transmission for e.g Type B PUSCH, PUCCH in general. 
Porposal-4: the phase tolerance for TDD case should be simulated before deciding how the UE behaviour would be impacted.
There are some questions in LS reply from RAN1 and answers are provided below based on our understanding.
Question 1: In addition to the conditions provided in R4-2103393, can RAN4 please confirm that “Applying the same TPMI precoder across PUSCH transmissions” is also a necessary condition to keep phase continuity across PUSCH transmissions? 
[answer] To initiate the new TPMI, the network need to order the UE to send the SRS signal and according to RAN4 previous reply, the phase continuity will not hold because the SRS signal may be transmitted in different antenna ports between the repetition signal. From this perspective, The same TPMI is a necessary condition to keep the phase continuity. 
Question 2: Whether “no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is another necessary condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions?
[answer] There will be phase discontinuity introduced into the baseband signal when the baseband makes the uplink time ajustment in general. Such time adjustment could be autonomously or ordered by network with a TA command. There is also transmission time error associated with the transmission time adjustment and such time error will result in phase discontinuity uncertainty between the repetition transmission. From this perspective, even if there is no TA command adjustment between PUCCH/PUSCH transmissions, UE could still make the time adjustment as received downlink timing could change when UE is in mobility. 
Question 3: There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Can RAN4 please confirm which interpretation is correct?
[answer] RAN4 needs further study on the feasibility of phase continuity when there is DL slot(s) in-between repetitions according to WF (R4-2105418). Until the feasibility is confirmed there is no need to clarify the meaning of the downlink reception.

	R4-2111195
	Ericsson
	In this contribution, the link level simulation assumption is discussed for phase discontinuity tolerance study on JCE with below proposal:
Proposal-1: Further discuss the need for a phase noise model in joint channel estimation simulations.  If one is needed, use the TR38.808 section 4.2.3.1 for phase noise model with a scaled factor for concerned frequency and 0.1ppm for the frequency error as simulation assumption.
Proposal-2: RAN4 discuss modelling of AM-PM phase distortion and if further differentiation on the magnitude of AM-PM phase distortion mapped to different use case above.
Proposal-3: Further discussion on whether the RF tuning phase distortion could be considered in the simulation.
Observation#1: There were no RF impairments in the simulation assumptions in TR 38.830.
Observation#2: The simulation assumptions other than RF impairment could be based on simulation assumption in TR38.830.
Observation#3: the JCE gain is different from different companies and then it is difficult to set universal performance limit on the SNR loss for RAN4 study.
Proposal-4: Further discussion on above cases in simulation assumption to settle the  link level simulation scope.
Proposal-5: RAN4 need to discuss how to set a performance limit on the phase discontinuity tolerance. Relative SNR loss to each company’s own JCE gain could be one approach.
Observation #4: Joint channel estimation can perform well if the phase offsets between PUSCH repetitions are not too large (e.g. phase offsets up to in the order of 20 between consecutive slots in the simulated scenario).
Proposal-6: Link level simulations of VoIP traffic with PUSCH repetition are used to characterize phase discontinuity tolerance in joint channel estimation for PUSCH, according to Tables 1-3.
Proposal-7: Link level simulations of PUCCH format 3 with 11 bit payload are used to characterize phase discontinuity tolerance in joint channel estimation for PUCCH, according to Tables 4-6.

	R4-2111385
	Huawei, HiSilicon
	In this contribution we discussed on the open issues on phase continuity for coverage enhancement, according to the analysis, we have the following proposals: 
Observation 1: For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions.
Proposal 1: For non-zero unscheduled gap in-between repetitions case, off power can be ensured only when:
· On-off and off-on transient period is allowed during the gap as in fig 1. During the transients, off power is not required.
· The repetitions meet the conditions to maintain the phase continuity, i.e. Modulation order does not change, RB allocation in terms of length and frequency position should not be changed, No change on transmission power level.
Proposal 2: define time mask requirement for the un-scheduled OS in-between repetitions case.
Proposal 3: The maximum length of non-zero un-scheduled gap is 13OS. 
Proposal 4: For 60kHz SCS, we provide solutions to solve off-power requirement:
Option 1: the minimum length of non-zero un-scheduled gap is 2OS
Option 2: off power requirement is not required during the unscheduled gap
· If option 2 is selected, whether to define a new transmit power requirement during the gap FFS.
Observation 2: From Rel-15, Transmit off power is generally required on the unscheduled symbols without clarification for <1ms case.
Proposal 5: We provide 2 options for this <1ms transmit off power clarification:
Option 1: RAN4 do nothing on this issue, transmit off power is only measured with at least 1ms duration.
Option 2: Define additional off power requirement for <1ms duration case.
Proposal 6: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions, UE cannot maintain phase continuity for PUSCH or PUCCH repetition.
Proposal 7: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained. Additional on-off and off-on time mask definition is needed.
Proposal 8: The reply to three questions in RAN1 LS is drafted as below:
Answer 1: “Applying the same TPMI precoder across PUSCH transmissions” is not a condition to keep phase continuity across PUSCH transmissions. TPMI precoder will not have impact on the RF signal phase transmitted, but “Applying the same TPMI precoder across PUSCH transmissions” is a necessary condition for joint channel evaluation across PUSCH transmissions.
Answer 2:  RAN4 confirms“no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is not the condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions. It means even there is TA adjustment in between PUCCH transmissions or PUSCH transmissions, the phase continuity can be maintained by UE.
Answer 3: For DL slots that refers to actual DL transmission, and/or without actual DL transmission from gNB to UE in-between repetitions but DL monitoring occasions configured, UE cannot maintain phase continuity for PUSCH or PUCCH repetition. For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained. But additional on-off and off-on time mask requirement definition is needed.



Open issues summary
Sub-topic 1-1: Non-zero un-scheduled gap
Agreement in RAN4 #98e-bis (in approved LS in R4-2105417)
· RAN4 confirms the feasibility of phase continuity and power consistency for non-zero un-scheduled gap case for a gap less than 14 symbols when UE is not required to meet the existing off power requirements. Whether new or existing off power requirements for shorter duration than 1 msec as well as the maximum value of X un-scheduled symbols will be introduced are pending on further RAN4 discussions. 
Issue 1-1-1: Length of un-scheduled gap, i.e., value of X
· Proposals
· Option 1: up to 13 symbols (Qualcomm, HW)
· Option 2: up to 14 symbols (ZTE, MTK)
· MTK: Highlight to RAN1 that the longer the gap the more detriment there is to UE power consumption.
· Option 3: less than 14, 28, 56, and 112 symbols for SCS of 15, 30, 60, and 120 kHz, respectively (Nokia)
· Nokia: Maximum value of X un-scheduled symbols between adjacent PUSCH/PUCCH repetitions should be defined per subcarrier spacing and less than 1ms. 
· Recommended WF
· Encourage further discussion.
· Aim to reach agreement and send the information to RAN1 in this meeting.
	Company
	Comments

	Qualcomm
	We are fine with all options. Our proposal 13 symbols was based on agreement < 14 so first smaller value from 14 is 13. 

	China Telecom
	Fine with all options, once we can reach agreement in this meeting.

	Ericsson
	There are RF requirement associated with the un-scheduled gap case and thus the value of X should be decided together with RF requirement discussion. 
However, the phase continuity in previous LS should be conditioned with the no CFO consideration. With CFO of the 0.1ppm for 2 GHz frequency, the 1ms un-scheduled gap can result in 100ppb* 2GHz* 1ms* 360 degree= 72 degree. This should be reflected in WF.

	ZTE
	We prefer to have option 2

	MediaTek
	Option 1 and 2 are ok, but RAN1 needs to understand the extra point about power consumption in Option 2. Option 3 is a new proposal so needs some time to evaluate.
UPDATE: We are ok with all options.

	Huawei, HiSilicon
	We prefer Option 1. For option 2, it is possibly one slot gap could be in-between the repetitions, we prefer to avoid such case that transmitter keep switch on over one slot length without transmitting data. 

	Nokia
	Option 1 and 2 seem to imply the same thing that X is less than 14 as per the initial reply made in RAN498e-bis (assuming that the wording for Option 2 should be “less than 14 symbols”). Therefore, we can probably already reduce the number of options to 2: Option 1 and Option 3. 
Now, it is a common understanding that this gap should be less than 1ms. However, since we decided to indicate this gap in the unit of symbols, it should be different for different SCSs. That’s why Option 3 is preferred by us. We are also fine to just reply to RAN1 that the maximum non-zero un-scheduled gap should result in a time duration smaller than 1ms for simplicity.
We also acknowledge the comment from MTK that “the longer the gap the more detriment there is to UE power consumption”. However, RAN1 should have full understanding on this aspect already. The question on whether/when/how the power consumption can be traded for coverage is up to RAN1 discussion. From our perspective, in this discussion we should only focus on the questions from RAN1 on what would be the maximum non-zero un-scheduled gap.

	CATT
	OK with all options.

	Sony
	Option 3 seems more reasonable to us but agree with Ericsson that X value may determined by the RF requirement, especially in terms of phase tolerance. According to our preliminary assessment, moderated phase discontinuity does not affect the channel estimation performance on the network side.



Issue 1-1-2: RF requirements for the non-scheduled gap
Issue 1-1-2A: Whether the existing OFF power level can be guaranteed
· Proposals
· Option 1: Can be guaranteed (ZTE)
· Option 2: Cannot be guaranteed (MTK)
Issue 1-1-2B: Whether to define OFF power requirements for duration shorter than 1 msec
· Proposals
· Option 1: Yes (ZTE, E///, HW)
· E///: RAN4 to investigate general UE RF behaviour for un-scheduled gap between uplink transmission, e.g., for Type B PUSCH, PUCCH is already in Rel-15-16.
· ZTE: Some extended testing uncertainty could be considered due to less measurement time compared with Rel-15/16.
· Option 2: No (Nokia, HW)
· Nokia: RAN4 should avoid extra specification efforts that do not provide benefit on the new feature.
Issue 1-1-2C: Whether to define time mask requirements
· Proposals
· Option 1: Define time mask requirement for the un-scheduled OS in-between repetitions case. For non-zero unscheduled gap in-between repetitions case, off power can be ensured only when: (HW)
· On-off and off-on transient period is allowed during the gap as in fig 1. During the transients, off power is not required.
[image: ]
· Recommended WF
· Encourage further discussion on Issue 1-1-2A/B/C respectively.
	Company
	Comments

	Qualcomm
	1-1-2A: With the current requirements and agreements, the OFF power can not be guaranteed and is untestable. 
1-1-2B: We would agree with Nokia, it maybe a little excessive to define new requirements that may even need new testing methods. 
1-1-2C: The option 1 seems to conflict with 1-1-2B option 2. Time mask can not be defined without defining OFF power requirement for shorter than 1 msec. 

	China Telecom
	Issue 1-1-2B: Whether to define OFF power requirements for duration shorter than 1 msec
One comment to option 1: generic requirements for Rel-15/16 features already in the spec cannot be specified under this WI.

	Ericsson
	Issue 1-1-2A depend on Issue 1-1-2B. For issue 1-1-2B, option 1 is our preference. This is a generic issue for Rel-15/16 and should be addressed in general requirement for NR. without the OFF power requirement, there will potential interference issue addressed in ZTE paper. 
Issue 1-1-2C: proposal 1 depends on issue 1-1-2B. the detailed time mask can wait on 1-1-2B.

	ZTE
	Issue 1-1-2A depend on Issue 1-1-2B. prefer option 1 to protect the gNB and surrounding UE’s receiver.
Issue 1-1-2C:  this should be discussed after the OFF power requirement defined.

	MediaTek
	[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29]1-1-2A: Option 2.
1-1-2B: Option 2.
1-1-2C: Dependent on the outcome of 1-1-2B.

	Huawei, HiSilicon
	1-1-2A: we prefer Option 1 except on the on-off transient period. UE need time to switch off Tx chain. After the transient period, off power can be expected. For length<1ms, we should say off power is there, it is just the average length from the time domain is not defined in RAN4.
1-1-2B: Actually, from NR Rel-15, short sub slot is allowed to be scheduled by the network, during the un-scheduled short subslot, off power is required obviously to ensure on other users performance. We are OK with both options, but if option 1, considering less average timing length, relaxation or Tolerance is needed.
1-1-2C: if RAN4 confirms off power is required on the gap, then on-off and off-on transient is necessary.

	Nokia
	Issue 1-1-2B: We share similar view with China Telecom. The legacy Rel-15/16 requirements still work for this case, i.e., the scenario of unable to test with duration less than 1ms already existed regardless of whether it is considered in the context of coverage enhancement in RAN1 or not. Hence, further discussion on shorter duration because of coverage enhancement in RAN1 does not seem justified.

	CATT
	1-1-2A: Option 1.
1-1-2B: Option 2.



Issue 1-1-3:Additional issue for 60kHz SCS
· Proposals
· Option 1 (HW): For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions, and we provide solutions to solve off-power requirement:
· Option 1A: the minimum length of non-zero un-scheduled gap is 2OS
· Option 1B: off power requirement is not required during the unscheduled gap
· If option 1B is selected, whether to define a new transmit power requirement during the gap FFS.
· Recommended WF
· Encourage feedback on Option 1.
	Company
	Comments

	Qualcomm
	1OS is short enough to shut down the transmitter. This is not a new case for this WI but Rel-15 could have had un scheduled symbol. (Please note “un-scheduled gap” is ambiguous term). It is question what requirements apply for that short gap in transmission. 
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Isn’t “new transmit power requirements during the gap” same as defining new OFF power requirement for shorter < 1 msec. We are little puzzled why same thing has many names?
In general feedback for this since it seems to come up in many issues based on one company proposals, we are not strongly against defining new OFF power requirement for shorter than < 1 msec but the problem is that min power requirement is -40 dBm and OFF power is -50 dBm. So will we relax that OFF power to -47 dBm for 0.5 msec? And then what about for one symbol @ 15 kHz, will it be 10LOG(71/1000) more relaxed thus -38.5 dBm. Seems pointless to go this way.   

	Ericsson
	Again, this related to the 1-1-2B. and the motivation of defining the new OFF power requirement is because some company said the TX OFF power requirement cannot be fulfilled when TX is kept On without transmitting any data.  This is special case for coverage enhancement feature, as in other normal NR UE operating with an un-scheduled gap case, keeping the TX RF on is not required and thus TX OFF power requirement can be placed in normal NR UE. 
In the case of the relaxation on the TX OFF power requirement, a proposal from proponent is needed to evaluate the network interference impact. And the new OFF power requirement can only apply to UE in coverage enhancement mode. 

	ZTE
	Regardless of SCS,  OFF requirement or to minimize the impacts to network or surrounding UE should pursued.

	MediaTek
	Option 1A seems to be trying to make it easier to justify a certain Tx OFF power level. Not clear that the proposal in isolation is making any difference.
Option 1B seems to be the same as question 1-1-2B? 

	Huawei, HiSilicon
	TO QC, On-off transient is defined as 10us, from spec perspective, 1OS for 60kHz is not enough for UE to complete on-off and off-on. 
“new transmit power requirements during the gap”, means UE may keep on power during the gap , while “defining new OFF power requirement for shorter < 1 msec”, means UE need turn off the power but the average timing is less than 1ms.
If more than 2OS is within the gap, ‘new’ off power could be reached except the transient period.  



Sub-topic 1-2: Non-zero gap with other uplink transmissions
Issue 1-2-1: Non-zero gap with other uplink transmissions for the UE
· Agreement in RAN4 #98e-bis (in approved LS in R4-2105417)
· For the case with other UL channels in between repetitions, at least if the other scheduled signals/channels during the non-zero gap have the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels, it is feasible to maintain the phase continuity and power consistency across the repetitions.
· Proposals
· Option 1: In the case of different channel in between two repetitions, a guard period before returning to the repetitions is defined. Length of guard period is Y is FFS but shall not exceed 2 symbols. (Qualcomm)
· Option 2: Not consider non-zero gap with other uplink transmissions ( MTK)
· Option 3: Further investigation is needed (E///, Sony)
· E///: CFO, time error and phase noise need to be further investigated in the link layer simulation. Previous LS response to RAN1 needs further clarification that the conclusion is only hold when phase noise , time error and residual CFO effect is ignored.
· Sony: RAN4 should study the acceptable phase/amplitude variation tolerance before concluding the feasibility of a specific use case.
· Depending on the implementation, it may be possible for a UE to retune the phase so as to maintain phase continuity in-between repetitions if either the power of other signals/channels in-between the repetitions is different from the power of the repetitions, or the PRB content of the channels/signals in-between is different.
· Recommended WF
· Encourage further discussion
	Company
	Comments

	Qualcomm
	It should be noted that guard allows also different RBs and power levels for the other channels as agreed to be studied in the previous WF. 

	Ericsson
	This could be discussed further when phase discontinuity tolerance is agreed.  If the phase discontinuity for non-zero gap with other uplink tranmsision is within such tolerance value, this case can be supported. 

	ZTE
	From our understanding,  if the other scheduled signals/channels during the non-zero gap have the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels, it is feasible to maintain the phase continuity and power consistency across the repetitions.
If other signals different from repetitions, then phase continuity and power consistency cannot be guaranteed.


	MediaTek
	Our view would still be option 2. 
Fine to evaluate phase tolerance performance impact further though, as agreed last meeting.  

	Huawei, HiSilicon
	We prefer FFS.
It is not clear why guard period can help make the phase aligned with before transmission.
What is UE’s behavior during the guard period? 


	Nokia
	For Option 1, is its intention to further introduce the guard period on top of the agreed constraints on “the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels”? Or is it rather to relax the constraints on “same occupied PRBs and UL power” (if guard period is introduced)?
For Option 2, we think that whether to consider the non-zero gap with other uplink transmissions scenario or not should be up to RAN1 decision, depending on the requirements defined in this WI of course.

	Sony
	It seems a feasible as proposed in option 1. 
However, as a general comment, we prefer to conclude all the feasibility issues once it is clearer how much phase tolerance that the network can actually stand, at least we should not rule out possible scenarios without knowing the phase tolerance.



Issue 1-2-2: Non-zero gap with other uplink transmissions in CA case
· Background: the following note is added for both PUSCH and PUCCH in the RAN1 LS in R1-2104119/ R4-2107611
· Note: intervening “other uplink transmissions” can be either on the same component carrier or a different component carrier.
· Proposals
· Proposal 1: For intra-band CA, the same assumptions for phase continuity hold as for single CC cases. (Qualcomm)
· Proposal 2: When two bands are configured with repetitions, only one of them can have other channel/signals in between repetitions and UE keeps phase contiguous.  (Qualcomm)
· Recommended WF
· Encourage further discussion
	Company
	Comments

	ZTE
	More analysis are needed for CA case and propose to postpone the discussion to next meeting.

	MediaTek
	We don’t fully understand the proposals made, so would appreciate more clarification e.g. via diagrams.
However, we question whether operating coverage enhancement techniques when the UE is operating UL CA is really justifiable in the first place. Views welcome on that.

	Huawei, HiSilicon
	We better to configure out single CC case first.



Sub-topic 1-3: Answers to the latest questions from RAN1
Issue 1-3-1: Answer to RAN1 Q1
· RAN1 Question 1:
· In addition to the conditions provided in R4-2103393, can RAN4 please confirm that “Applying the same TPMI precoder across PUSCH transmissions” is also a necessary condition to keep phase continuity across PUSCH transmissions?
· Moderator’s note: 
· Based on the contributions, 3 companies (Nokia, CTC, HW) think the ability of “keep phase continuity” and “apply joint channel estimation” when TPMI preocoder changes should be discussed separately, so this issue is split into two sub-issues below.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Issue 1-3-1A: Is it a necessary condition to keep phase continuity?
· Proposals
· Option 1: Yes (IDC, ZTE, E///)
· E///: To initiate the new TPMI, the network need to order the UE to send the SRS signal and according to RAN4 previous reply, the phase continuity will not hold because the SRS signal may be transmitted in different antenna ports between the repetition signal. From this perspective, the same TPMI is a necessary condition to keep the phase continuity.
· Option 2: No from RF perspective (China Telecom, HW)
· Option 3: Need further discussion (Nokia)
· Option 4: Question 1 is unclear and RAN4 needs more information about TPMI cases before answer can be provided from UE tx point of view. (QC)
· QC: The main issue whether the number of antenna connectors for uplink transmission will change, e.g., TPMI’s changed between [1, 0] and [1, 1].
Issue 1-3-1B: Is it a necessary condition to apply joint channel estimation?
· Proposals
· Option 1: Yes (China Telecom, Nokia, IDC, ZTE, E///, HW)
· China Telecom: this is a baseband issue, and can be confirmed by RAN1. 
· Recommended WF
· For Issue 1-3-1A, companies have different views and one clarification question is raised from QC. Further discussion is needed.
· For Issue 1-3-1B, it is recommended to agree with option 1 as RAN4 understanding, and it can be further confirmed by RAN1 if needed.
	Company
	Comments

	InterDigital
	For 1-3-1B Option 1.
For Issue 1-3-1A: Option 1. However if there are cases that are overlook, it would be good to know.

	China Telecom
	Issue 1-3-1A: Is it a necessary condition to keep phase continuity?
Our understanding is option 2 from RF perspective. We are also ok to only send the feedback on Issue 1-3-1B to RAN1.
Issue 1-3-1B: Is it a necessary condition to apply joint channel estimation?
Agree with option 1, and send the information to RAN1.

	ZTE
	For Issue 1-3-1A: 
Option 1
Issue 1-3-1B:
Fine with recommendation option 1.

	MediaTek
	For 1-3-1B, we agree with the recommendation.
If the 1-3-1B recommendation is agreed, then 1-3-1A recommendation seems irrelevant to further discuss unless RAN1 respond.
For 1-3-1A Option 2, TPMI change may lead to a change in antenna ports, so seems to have RF impact. 

	Huawei, HiSilicon
	For 1-3-1B: option 1.
Issue 1-3-1A: Option 2. 

	Nokia
	We are fine with the recommended WF.

	CATT
	For Issue 1-3-1A: Option 2.
Issue 1-3-1B: OK with the recommended WF.



Issue 1-3-2: Answer to RAN1 Q2
· RAN1 Question 2: 
· Whether “no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is another necessary condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions?
· Proposed answer
· Option 1: Yes (Nokia, ZTE, MTK)
· [bookmark: OLE_LINK33][bookmark: OLE_LINK34]Option 2: The network commanded TA adjustments and UE autonomous adjustments can be discussed separately.
· For network commanded TA adjustments:
· It is known by both gNB side and UE side, and can be compensated by UE/BS side (QC, HW)
· For UE autonomous adjustments:
· How to handle autonomous is unclear (QC)
· The BS receiver will perceive a slight phase difference (IDC)
· It should also be clarified if TA adjustment happens during a symbol part of repetition or in a gap between repetitions (QC)
· Option 3: Need to handle autonomous uplink time adjustment together with TA (E///)
· E///: Even if there is no TA command adjustment between PUCCH/PUSCH transmissions, UE could still make the time adjustment as received downlink timing could change when UE is in mobility.
· The phase jump introduced to 10 PRB transmission with time error of +/- 130ns could be 168 degree.
· Recommended WF
· Encourage further discussion
	Company
	Comments

	Qualcomm
	TA adjustement is perceived as phase change. So how would the phase continuity be defined here? 

	InterDigital
	Indeed, the TA or gradual timing adjustment for the back-to-back repetitions occurring after the first UL slot, will be perceived as phase discontinuity at the gNB reciever. The TA commands are gNB controlled, while gradual timing adjustment is a UE driven process and unknown to the gNB.
We suggest explaining the situation in the LS reply.

	China Telecom
	Agree with Option 2 that the network commanded TA adjustments and UE autonomous adjustments can be discussed separately. Network commanded TA adjustments can be compensated by UE/BS side, and UE autonomous adjustment is perceived as phase change.
We are ok with IDC proposal to explain the situation in the LS reply.

	Ericsson
	Option 3. UE autonomous uplink time adjustment and TA adjustment both introduce the phase change and this should be in Q2 answer and RAN1 take actions when needed. Transmission time error is main source of the phase jump associated with time adjustment uncertainty.
 

	ZTE
	Fine with option 2, if UE has some autonomous adjustments unknown to gNB, then phase discontinuity would be observed for gNB,  if there are TA adjustment from gNB, there would be some TA inaccuracy defined in RRM spec, in other words,  some phase discontinuity could be also be observed. 

	MediaTek
	Option 1, and explaining the situation to RAN1 is fine, without any example numbers though.

	Huawei, HiSilicon
	TA adjustment, regardless of The network commanded TA adjustments and UE autonomous adjustments is known by UE itself before transmission. It can be compensated by the UE. So we think no TA adjustment is not the condition for phase continuity. 

	CATT
	OK with option 2.


	
Issue 1-3-3: Answer to RAN1 Q3
· RAN1 Question 3: 
· There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Can RAN4 please confirm which interpretation is correct?
Moderator’s note: Based on the contributions, this issue is split into 3 sub-issues as below:
Issue 1-3-3A: The “downlink reception” at least includes downlink symbols with actual DL transmission from gNB to UE and/or DL monitoring.
· Proposals
· Option 1: Agree (QC, IDC, CTC, Nokia, ZTE, MTK, HW)
· Option 2: Need further study (Sony, E///)
Issue 1-3-3B: Does “downlink reception” include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring?
· Proposals
· Option 1: Yes (IDC, Nokia)
· Option 2: Need further study (CTC, E///)
· Option 3: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. (HW)
Issue 1-3-3C: Other band impact
· Proposals
· Option 1: UE expected to receive any DL channels or signals including measurements from an other band if UE needs an interruption (QC)
· Recommended WF
· For Issue 1-3-3A, it is recommended to follow majority view and go with option 1.
· For Issue 1-3-3B and 1-3-3C, further discussion is needed.
	Company
	Comments

	Qualcomm
	1-3-3B: Does this case still assume UE will receive? The definition of 1-3-3B is not clear, e.g. is UE assumed to receive SSB which is not really transmissions from gNB to this UE but to all and DL monitoring means monitoring reference symbols. 
Regardless, cases should be that if slotformat contains DL symbols, is uE expected to receive anything i.e. turn RF to receive mode or not. This was the intention of the working in the LS.  

	IDC
	If the UE has to switch its Tx chain off and get in Rx mode due to the slot format, the phase continuity cannot be guaranteed.

	China Telecom
	Issue 1-3-3A: The “downlink reception” at least includes downlink symbols with actual DL transmission from gNB to UE and/or DL monitoring.
Support the recommended WF, i.e., Option 1. 

Issue 1-3-3B: Does “downlink reception” include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring?
In this case, UE will not receive any signal in DL. This issue is related to RAN1 on-going discussion on DL reception occasions skipped by UE, i.e., gNB to indicate whether any DL reception occasion should be skipped (i.e., not monitored) by the UE. 
From our side, we have no preference on yes or no. But it would be helpful to send RAN4 understanding to RAN1.

	Ericsson
	The issue 1-3-3 is whether or not the DL time slot is allowed between UL repetition case, according to last meeting WF, the feasibility is under RAN4 discussion. It is not clear now that RAN4 need make another exception to blank the DL receiving to provide the phase continuity and thus the no clarification to Ran1 relating to this is needed. Otherwise RAN1 may interpret this differently. 

	ZTE
	Issue 1-3-3A: Support the recommended WF, i.e., Option 1. 


	MediaTek
	We actually prefer our Proposal, which is not the same as proposed in 1-3-3A. The Base Station can transmit what it likes, but the key thing is for RAN1 to know that the UE will not be receiving anything during the slot.
“RAN4 to reply to RAN1 that in-between PUSCH/PUCCH repetitions, the UE shall not be required to receive any DL signal, meaning that the UE shall not be required to receive any DL transmission and shall not be required to perform any DL monitoring.”

	Huawei, HiSilicon
	For Issue 1-3-3A, agree with the recommended WF.
For Issue 1-3-3B, if RAN1 could confirm there is no DL transmission including ref signal, PDCCH monitoring and data transmission, phase could be maintained, but it may have other problem considering monitoring or measurement is not allowed, and UE power consumption will be high, so it is not recommended.

	Nokia
	We are fine with the recommended WF, although we think that agreeing on Issue-1-3-3A doesn’t help to answer the question from RAN1 since the answer for Issue-1-3-3A is straightforward. The question here should be whether “downlink reception” should also include “downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.”(note that the “no” above seems to be a typo from RAN1 in this context). 
Therefore, we should focus on Issue 1-3-3B, wherein we share similar view as IDC, i.e., Option 1 is preferred. In this regard, and in our view, any guidance would be welcome by RAN1, even if it were simply phrased as “If the UE has to switch its Tx chain off and get in Rx mode due to the slot format, the phase continuity cannot be guaranteed” (quoting IDC).

	Sony
	First, it is our understanding that at least when the UE does not need to switch off the Tx chain, phase continuity can be maintained. Therefore, if there is no actual DL data or DL monitoring, this condition can be held. 
However, even when a UE needs to have Rx-on, this does not necessaryily lead to a switch off of the Tx chain. As we analysed in our paper R4-2109012, it is still possible to maintain the Tx chain during the receiving mode by having a good isolation between Tx and Rx chains. 
To sum up, RAN1 needs to be aware that regardless of the interpretation of “DL reception” it might be possible for a UE to maintain phase continuity, e.g., by simultaneously keep both RX and TX chains ON. We think further study is needed and open for other views from other companies on this aspect. 

	CATT
	Issue 1-3-3A: Option 1.
Issue 1-3-3B: Option 1.



Sub-topic 1-4: Simulation assumptions and results for the tolerance of phase continuity and amplitude consistency
Issue 1-4-1: Simulation assumptions
Moderator’s note: 3 companies discussed the simulation assumptions. In general, companies think the assumptions (other than RF impairment) for PUSCH and PUCCH in Annex A.1 and A.2 of RAN1 TR 38.830 can be used as reference, and further down-selection and adjustment of the parameters can be discussed.
· Issue 1-4-1A: Proposals on modelling of phase noise, CFO, AM-PM phase distortion and RF tuning phase distortion in the simulations
· Option 1 (E///)
· Further discuss the need for a phase noise model in joint channel estimation simulations.  If one is needed, use the TR38.808 section 4.2.3.1 for phase noise model with a scaled factor for concerned frequency and 0.1ppm for the frequency error as simulation assumption.
· RAN4 discuss modelling of AM-PM phase distortion and if further differentiation on the magnitude of AM-PM phase distortion mapped to different use case above.
· Further discussion on whether the RF tuning phase distortion could be considered in the simulation.
· Issue 1-4-1B: Proposals on the metric of the simulation
· Option 1: Relative SNR loss due to phase discontinuity tolerance to each company’s own JCE gain could be one approach. (E///)
· Issue 1-4-1C: Proposals on the specific RF impairment parameter (multip choice)
· Option 1: CFO (0.1ppm,  case 1: the same frequency error cross repetition transmission; case 2: the different frequency error across repetition transmission) (E///)
· Phase noise for FR2. If one is needed, use the TR38.808 section 4.2.3.1 for phase noise model. (E///) 
· Phase offset impairment 
· Option 1: Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) (E///)
· Option 2: uniform distribution  (HW)
· [-0°,0°], ~, [-90°,90°] for BPSK
· [-0°,0°], ~, [-40°,40°] for QPSK
· [-0°,0°], ~, [-10°,10°] for 16QAM
· Issue 1-4-1D: Proposals on detailed parameters
· Option 1: Use VoIP traffic for PUSCH, and PUCCH format 3 with 11 bit payload; refers to the paper (E///)
Table 1: Link simulation parameters for joint channel estimation on PUSCH, for TDD at 4 GHz
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 273 PRBs BWP size

	UE speed
	· 3, [30] km/h

	Format, Payload,  Tx scheme
	· MCS 4, 4 PRBs, 14 symbols
· 2 DMRS symbols per slot
· Up to 7 (actual) repetitions (i.e. 8 total transmissions), no re-transmissions
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (400 Hz) 
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T4R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 2: Link simulation parameters for joint channel estimation on PUSCH, for FDD at 700 MHz
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 106 PRBs BWP size

	UE speed
	· 3 km/h or 120 km/h

	Format, Payload,  Tx scheme
	· MCS 4, 4 PRBs, 14 symbols
· 2 DMRS symbols per slot
· Up to 7 (actual) repetitions (i.e. 8 total transmissions), no re-transmissions
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (70 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 3: Link simulation parameters for joint channel estimation on PUSCH, for TDD at 28 GHz
	System
	· Carrier frequency 28GHz
· 120 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 66 PRBs BWP size

	UE speed
	· 3 km/h

	Format, Payload,  Tx scheme
	· MCS 4, 4 PRBs, 14 symbols
· 2 DMRS symbols per slot
· Up to 7 (actual) repetitions (i.e. 8 total transmissions), no re-transmissions
· With or without frequency hopping
· PT-RS not configured

	Channel
	· TDL-A (NLoS), 30 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (2800 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 4: Link simulation parameters for joint channel estimation on PUCCH, for TDD at 4 GHz
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 273 PRBs BWP size

	UE speed
	· 3, [30] km/h

	Format, Payload,  Tx scheme
	· 11 (6 part_1 + 5 part_2) bits for wideband CSI feedback for 4Rx
· 14 symbol PUCCH format 3 with 1 PRB and 4 DMRS symbols per slot
· Up to 7 repetitions (i.e. 8 total transmissions) 
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (400 Hz) 
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T4R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 5: Link simulation parameters for joint channel estimation on PUCCH, for FDD at 700 MHz
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 106 PRBs BWP size

	UE speed
	· 3 km/h or 120 km/h

	Format, Payload,  Tx scheme
	· 11 (6 part_1 + 5 part_2) bits for wideband CSI feedback for 4Rx
· 14 symbol PUCCH format 3 with 1 PRB and 4 DMRS symbols per slot
· Up to 7 repetitions (i.e. 8 total transmissions)
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (70 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 6: Link simulation parameters for joint channel estimation on PUCCH, for TDD at 28 GHz
	System
	· Carrier frequency 28GHz
· 120 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 66 PRBs BWP size

	UE speed
	· 3 km/h

	Format, Payload,  Tx scheme
	· 11 (6 part_1 + 5 part_2) bits for wideband CSI feedback for 4Rx
· 14 symbol PUCCH format 3 with 1 PRB and 4 DMRS symbols per slot
· Up to 7 repetitions (i.e. 8 total transmissions)
· With or without frequency hopping
· PT-RS not configured

	Channel
	· TDL-A (NLoS), 30 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (2800 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



· Option 2 (China Telecom)
· Number of repetitions:
· FDD: 8, 16, 32 for PUSCH, 8 for PUCCH
· TDD: 2 for PUSCH and PUCCH
· Duplex mode and SCS:
· FR1: FDD 15kHz, TDD 30kHz
· FR2: TDD 120kHz
· Waveform for PUSCH: DFT-s-OFDM, CP-OFDM
· Propagation condition:
· FR1: TDLA30-10, TDLC300-100
· FR2: TDLA30-300
· Antenna configuration: 1Tx at UE, 2Rx at BS
· DMRS configuration for PUSCH: DMRS type 1 with single-symbol front-loaded, no additional DMRS
· PUSCH/PUCCH duration: 14 OFDM symbols
· PRB number: 4 for PUSCH, 1 for PUCCH
· Modulation order for PUSCH: QPSK, 16QAM 
· PUCCH format: format 1
· Option 3 (HW)
· General parameters
	Parameter
	Value

	frequency
	[bookmark: OLE_LINK205][bookmark: OLE_LINK10]2.6GHz (TDD), 700MHz(FDD)

	Frame structure for TDD
	DDDDDDDSUU (S: 6D:4G:4U)

	Bandwidth
	100MHz (TDD)，20MHz(TDD)

	Channel model for link-level simulation
	TDL-C

	Delay spread
	300ns

	UE velocity
	30km/h, 3km/h

	Number of antenna elements for BS
	(M,N,P,Mg,Ng) = (8,8,2,1,1)

	Antenna configuration
	1x1 Low

	Phase discontinuity
	[bookmark: OLE_LINK234]uniformly distributed in range 
[-0°,0°], ~, [-90°,90°] for BPSK
[-0°,0°], ~, [-40°,40°] for QPSK
[-0°,0°], ~, [-10°,10°] for 16QAM

	Frequency hopping
	w/o frequency hopping



· Channel-specific parameters for PUSCH
	Parameter
	Value

	BLER
	10% 

	MCS index
	[bookmark: OLE_LINK213]3(251/1024)

	Waveform
	CP-OFDM

	SCS
	[bookmark: OLE_LINK11][bookmark: OLE_LINK24][bookmark: OLE_LINK23]30kHz (TDD), 15kHz (FDD)

	PUSCH duration	
	14 OS

	[bookmark: OLE_LINK13][bookmark: OLE_LINK15][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK22]Repetitions for joint channel estimation(available S or U)
	[bookmark: OLE_LINK16]TDD：2,3
FDD：2,4,8

	[bookmark: OLE_LINK236]number of HARQ transmissions
	4

	number of HARQ processes
	8

	PUSCH mapping type
	[bookmark: OLE_LINK266][bookmark: OLE_LINK12][bookmark: OLE_LINK17]Type A(Normal cyclic prefix, S=0,L=14)
Type B(Repetitions for joint channel estimation TDD：1,2,3, FDD：1,2,4,8; Normal cyclic prefix, S=0,L=7)

	DMRS configuration
	Type 1
single-symbol DM-RS
l0=2
dmrs-AdditionalPosition= pos0



· Channel-specific parameters for PUCCH
	Parameter
	Value

	PUCCH format 
	Format 3: 11 bits UCI

	BLER
	DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	DMRS configuration 
	No additional DM-RS (3,10)

	SCS
	30kHz (TDD), 15kHz (FDD)

	[bookmark: OLE_LINK21]Repetitions for joint channel estimation(available S or U)
	TDD：2,3
FDD：2,4,8

	PUCCH duration	
	14 OS

	Number of PRBs
	1 PRB



· Option 4 (ZTE)
	Parameters
	Values

	Scenario
	Urban , O2I
	Rural, O2I

	Duplexing scheme and frequency
	4GHz TDD 
	700MHz FDD

	Frame structure for TDD
	DDDSUDDSUU (S: 10D:2G:2U) for 4GHz 

	Transmission bit rate for data channel (bit/s)
	1 Mbps for eMBB
	100 kbps for eMBB

	Subcarrier spacing
	30kHz
	15kHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos

	Delay Spread
	300ns
	300ns

	UE velocity
	3 km/h
	3 km/h for O2I

	Number of RF chains for BS
	4
	4 

	Number of UE antennas
	1 
	1

	Number of RF chains for UE
	1
	1

	Number of occupied RBs
	15
	4

	MCS
	MCS4
	MCS2

	DMRS overhead
	Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data

	Frequency hopping
	Disabled

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	10%  iBLER for eMBB

	Waveform
	DFT-s-OFDM 

	Number of repetitions
	2 repetitions with JCE



· Recommended WF
· Encourage companies’ feedback, especially on the parameters which have direct impact on the required tolerance.
	Company
	Comments

	Ericsson
	Issue 1-4-1A and Issue 1-4-1C: RAN4 needs to agree the RF impairment modelling for CFO, phase offset modelling as these are key parameter impact the JCE gain.
Issue 1-4-1B: What is the metric to set the phase discontinuity tolerance threshold? 
Issue 1-4-1D.: the repetition # should cover more than 3 case and not tied with the TDD pattern. DFT-OFDM should also be considered,  DMRS # is 2 can be starting point. 

	ZTE
	ZTE’s simulation assumption is also attached.

	MediaTek
	1-4-1A/C: We would like some clarification on the difference between the “reference” case and the “phase discontinued” case. 
Our understanding is that Ericsson proposes to impairments to the reference simulation setup, and then compare this with the setup with this “phase offset” component added (based on Option 1 or 2). Please can Ericsson confirm?
If so, we wonder why RF retuning has been added as an impairment component here. Why is that process taking place?
1-4-1B: We need to think about this further, and how things would be tested in the end. 
1-4-1D: Will give further feedback on the other parameters in round 2.

	Huawei
	Issue 1-4-1A: 
Agree to consider of CFO as RAN4 RF requirement. For AM-PM distortion, is that mainly from PA or other? Is there any recommended model for FR1 and FR2? 
RF tuning is not expected to be happened for JCE. So seems not need to consider.
Issue 1-4-1B: 
Compared with reference one, that there is no additional phase offset, SNR improvement 1dB as the metric could be the JCE target.
Issue 1-4-1C:
For Phase offset impairment, we prefer option 2, the uniform one.
To MediaTek: In our opinion 
	
	phase offset
	CFO

	reference
	No
	Yes

	phase discontinued
	Different phase offset
	yes


Issue 1-4-1D:
Specific simulation assumptions can be aligned in round 2.



Issue 1-4-2: Required phase error based on simulation results
· Proposals
· Option 1: the phase error between different repetitions is within 10o-30o (ZTE)
· Recommended WF
· Encourage feedback
	Company
	Comments

	Ericsson
	WE need wait the agreed simulation assumption, otherwise there is no basis on the phase discontinuity tolerance comparison.

	ZTE
	Simulation results just give some inital observations for phase discontinuity impact

	
	



Issue 1-4-3: Required amplitude error based on simulation results
· Proposals
· Option 1: the amplitude error between different repetitions is less than 0.5dB. (ZTE)
· Recommended WF
· Encourage feedback
	Company
	Comments

	MediaTek
	We think that further analysis is required also considering the relation to existing RF requirements.

	
	

	
	



Sub-topic 1-5: Tx switching scenario
Issue 1-5: Tx switching scenario
· Proposals
· Option 1: If tx switching occurs between repetitions, phase continuity is lost for any band included in the band pair that is part of tx swithing (Qualcomm)
· Recommended WF
· Encourage feedback
	Company
	Comments

	MediaTek
	Agree with Option 1.

	Huawei, HiSilicon
	Prefer not agree with the option1. It is ambiguous on the exact case, what does it mean by Tx switching?  SRS antenna switching or carrier switching?
For CA_BandA+Band B, if there is SRS antenna switching on Band A, does it mean Band B can not maintain phase? It seems we could expect the opposite result.

	
	



Companies views’ collection for 1st round
Provided under each issue in section 1.2
Summary for 1st round
Open issues
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 1-1: Non-zero un-scheduled gap
	Issue 1-1-1: Length of un-scheduled gap, i.e., value of X
Summary of round 1 feedback:
· Option 1: up to 13 symbols 
· Support: Qualcomm, HW, CTC, MTK, CATT
· Option 2: up to 14 symbols, i.e., 1 slot
· Support: ZTE, MTK, Qualcomm, CTC, CATT
· MTK: Highlight to RAN1 that the longer the gap the more detriment there is to UE power consumption.
· Not support: HW
· HW: we prefer to avoid such case that transmitter keep switch on over one slot length without transmitting data.
· Option 3: less than 14, 28, 56, and 112 symbols for SCS of 15, 30, 60, and 120 kHz, respectively
· Support: Nokia, Qualcomm, CTC, Sony, CATT, MTK
· Nokia: Maximum value of X un-scheduled symbols between adjacent PUSCH/PUCCH repetitions should be defined per subcarrier spacing and less than 1ms. 
· Option 4: the value of X should be decided together with RF requirement discussion (E///, Sony)
· E///: Impact of CFO on phase continuity shall be reflected in the RAN4 WF. 
· Sony: According to our preliminary assessment, moderated phase discontinuity does not affect the channel estimation performance on the network side.
Moderator’s observations:
Regarding the max number of OFDM symbols for the un-scheduled gap, Option 1 is actually a subset of Option 2 and 3. We can first agree the feasibility of the symbol numbers in Option 1, and further check if Option 2 or 3 can be agreeable in round 2. 
Regarding Option 4, the RF requirement aspect can be discussed in the other issues.
Tentative agreements:
The maximum value of un-scheduled symbols can be up to 13, and further check the feasibility of 14 symbols or 1 ms for different SCSs.
Recommendations for 2nd round:
For the reply LS, capture the above tentative agreements and further check the feasibility of 14 symbols or 1 ms for different SCSs. Meanwhile, inform RAN1 that the corresponding RF requirement aspects are still under discussion in RAN4.

Issue 1-1-2: RF requirements for the non-scheduled gap
Issue 1-1-2A: Whether the existing OFF power level can be guaranteed
Summary of round 1 feedback:
· Proposals
· Option 1: Can be guaranteed (ZTE, HW, CATT)
· HW: After the transient period, off power can be expected.
· Option 2: Cannot be guaranteed (MTK, Qualcomm)
· Qualcomm: With the current requirements and agreements, the OFF power can not be guaranteed and is untestable.
Moderator’s observations:
There are two aspects regarding this issue: 
1) From RAN4 requirement perspective, there is no existing OFF power requirement for duration shorter than 1ms, so anyway the existing requirements cannot be fulfilled for non-scheduled gap less than 1ms.
2) From UE ability perspective, with transmitter ON during the gap, whether the power level of -50dBm can be guaranteed.
Aspect 1) is the fact in the current spec. Aspect 2) can be discussed pending on the progress in Issue 1-1-2B.
Recommendations for 2nd round:
On hold. First focus on Issue 1-1-2B.

Issue 1-1-2B: Whether to define OFF power requirements for duration shorter than 1 msec
Summary of round 1 feedback:
· Proposals
· Option 1: Yes (ZTE, E///, HW)
· Option 1A: Addressed in general requirement for NR. RAN4 to investigate general UE RF behaviour for un-scheduled gap between uplink transmission, e.g., for Type B PUSCH, PUCCH is already in Rel-15-16. (E///)
CTC/Nokia comment to Option 1A: generic requirements for Rel-15/16 features already in the spec cannot be specified under this WI.
· Option 2: No (Nokia, HW, QC, MTK, CATT)
· Nokia: RAN4 should avoid extra specification efforts that do not provide benefit on the new feature.
· QC: it maybe a little excessive to define new requirements that may even need new testing methods
Recommendations for 2nd round:
· General requirements for duration shorter than 1ms and with transmitter OFF have not been specified. Proposals related to Rel-15/16 features shall not be discussed in this thread, and interested companies can bring the proposals to other agendas.
· In round 2, further discuss whether to define the requirements for duration shorter than 1ms and with transmitter ON in this WI. Capture the discussion outcome in the WF.

Issue 1-1-2C: Whether to define time mask requirements
Summary of round 1 feedback:
· Proposals
· Option 1: Define time mask requirement for the un-scheduled OS in-between repetitions case. For non-zero unscheduled gap in-between repetitions case, off power can be ensured only when: (HW)
· On-off and off-on transient period is allowed during the gap as in fig 1. During the transients, off power is not required.
· Option 2: Dependent on the outcome of 1-1-2B. (QC, E///, ZTE, MTK, [HW])
· QC: Time mask can not be defined without defining OFF power requirement for shorter than 1 msec.
Recommendations for 2nd round:
On hold. First focus on Issue 1-1-2B.

	Sub-topic 1-2: Non-zero gap with other uplink transmissions
	Issue 1-2-1: Non-zero gap with other uplink transmissions for the UE
Summary of round 1 feedback:
The following two scenarios can be discussed separately:
· Scenario 1: if the other scheduled signals/channels during the non-zero gap have the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels
· Guard period for scenario 1:
· Option 1: In the case of different channel in between two repetitions, a guard period before returning to the repetitions is defined. Length of guard period is Y is FFS but shall not exceed 2 symbols. (Qualcomm, [Sony])
· Option 2: FFS. It is not clear why guard period can help make the phase aligned with before transmission. (HW)
· Scenario 2: If the other scheduled signals/channels during the non-zero gap have the different settings in antenna port, occupied PRBs or UL power than the repeated transmission signals/channels
· Option 1: a guard period before returning to the repetitions is defined. Guard allows also different RBs and power levels for the other channels as agreed to be studied in the previous WF. Length of guard period is Y is FFS but shall not exceed 2 symbols. (Qualcomm,)
· Option 2: Phase continuity and power consistency cannot be guaranteed. (ZTE, MTK)
· Option 3: Further investigation is needed (E///, Sony, MTK)
· E///, Sony: If the phase discontinuity for non-zero gap with other uplink transmission is within such tolerance value, this case can be supported.
· Option 4: Up to RAN1 decision (Nokia)
Recommendations for 2nd round:
Capture the options into the WF.

Issue 1-2-2: Non-zero gap with other uplink transmissions in CA case
Recommendations for 2nd round:
On hold. Further discuss after agreement on Issue 1-2-1 is achieved.


	Sub-topic 1-3: Answers to the latest questions from RAN1
	Issue 1-3-1: Answer to RAN1 Q1
· RAN1 Question 1:
· In addition to the conditions provided in R4-2103393, can RAN4 please confirm that “Applying the same TPMI precoder across PUSCH transmissions” is also a necessary condition to keep phase continuity across PUSCH transmissions?
Issue 1-3-1A: Is it a necessary condition to keep phase continuity?
· Proposals
· Option 1: Yes (IDC, ZTE, E///)
· Option 2: No from RF perspective (China Telecom, HW, CATT)
· MTK comment to option 2: TPMI change may lead to a change in antenna ports, so seems to have RF impact. This issue is also mentioned in QC paper.
· Option 3: Need further discussion (Nokia)
Issue 1-3-1B: Is it a necessary condition to apply joint channel estimation?
· Proposals
· Yes (China Telecom, Nokia, IDC, ZTE, E///, HW, MTK)
Moderator’s observations:
The question and issue are not clear enough to some companies. In addition, as understood by several companies, if the 1-3-1B recommendation is agreed, then 1-3-1A recommendation seems irrelevant to further discuss unless RAN1 respond. So moderator recommends to focus on Issue 1-3-1B in reply LS.
Tentative agreements on RAN4 response:
In RAN4 understanding, “Applying the same TPMI precoder across PUSCH transmissions” is a necessary condition to apply joint channel estimation.
Recommendations for 2nd round:
Capture the tentative agreements in reply LS.

Issue 1-3-2: Answer to RAN1 Q2
· RAN1 Question 2: 
· Whether “no TA adjustment in between PUCCH transmissions or PUSCH transmissions” is another necessary condition to keep phase continuity across PUCCH repetitions or PUSCH transmissions?
Summary of round 1 discussion:
· The network commanded TA adjustments and UE autonomous adjustments can be discussed separately. Both can be perceived as phase change if not compensated by BS/UE. 
· For network commanded TA adjustments:
· It is known by both gNB side and UE side, and probably can be compensated by UE/BS.
· FFS how to handle the TA inaccuracy.
· For UE autonomous adjustments:
· FFS how to handle autonomous adjustments, e.g., whether it can be compensated by UE.
Recommendations for 2nd round:
· Capture the above RAN4 discussion status in reply LS.
· List RAN4 action points for future meeting in the WF.

Issue 1-3-3: Answer to RAN1 Q3
· RAN1 Question 3: 
· There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Can RAN4 please confirm which interpretation is correct?
Issue 1-3-3A: The “downlink reception” at least includes downlink symbols with actual DL transmission from gNB to UE and/or DL monitoring.
· Proposals
· Option 1: Agree (QC, IDC, CTC, Nokia, ZTE, MTK, HW, CATT)
· Alternative wording by MTK: “RAN4 to reply to RAN1 that in-between PUSCH/PUCCH repetitions, the UE shall not be required to receive any DL signal, meaning that the UE shall not be required to receive any DL transmission and shall not be required to perform any DL monitoring.”
· Option 2: Need further study (Sony, E///)
Issue 1-3-3B: Does “downlink reception” include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring?
· Proposals
· Option 1: Yes (IDC, Nokia, CATT)
· Option 2: Key issue is that is whether UE expected to receive anything i.e. turns RF to receive mode or not. (QC, IDC)
· Option 3: the scenario with “downlink symbols without actual DL transmission from gNB to UE and without DL monitoring” is not recommended. (HW)
Moderator’s observation:
· For Issue 1-3-3A, Option 1 with majority support reflects the current status in RAN4 unless any new agreements can be reached in this meeting. 
· For Issue 1-3-3B, it seems the scenario is not clear enough to some companies, while the key issue is whether UE expected to receive anything i.e. turns RF to receive mode or not.
Tentative agreements on response to RAN1:
1) In general, in-between PUSCH/PUCCH transmissions, the UE shall not be required to receive any DL signal, meaning that the UE shall not be required to receive any DL transmission and shall not be required to perform any DL monitoring.
2) The “downlink reception” at least includes downlink symbols with actual DL transmission from gNB to UE and/or DL monitoring. 
3) Regarding whether “downlink reception” include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring, it would be helpful if RAN1 could provide more information on the exact scenario.
Recommendations for 2nd round:
Capture the tentative agreements in reply LS.


	Sub-topic 1-4: Simulation assumptions and results for the tolerance of phase continuity and amplitude consistency
	Recommendations for 2nd round:
· Issue 1-4-1A/C on RF impairment parameter
· Capture the candidate options on RF impairment modelling for CFO and phase offset modelling into the WF, and other options are not precluded.
· Meanwhile, make it clear that which impairments are to the reference simulation setup (non-joint channel estimation) as well.
· Issue 1-4-1B: Proposals on the metric of the simulation
· Encourage feedback on the metric to set the phase discontinuity tolerance threshold in the 2nd round, or capture the candidate options in the WF.
· Issue 1-4-1D: Proposals on detailed parameters
· For other detailed parameters, capture the options for main parameters into the WF. 

Issue 1-4-2: Required phase error based on simulation results
Recommendations for 2nd round:
On hold. Further discuss after more companies provide results.

Issue 1-4-3: Required amplitude error based on simulation results
Recommendations for 2nd round:
On hold. Further discuss after more companies provide results.


	Sub-topic 1-5: Tx switching scenario
	Issue 1-5: Tx switching scenario
· Proposals
· Option 1: If tx switching occurs between repetitions, phase continuity is lost for any band included in the band pair that is part of tx swithing
· Support: Qualcomm, MTK
· Not support: HW
Recommendations for 2nd round:
Further discuss and capture the candidate options in the WF.



Discussion on 2nd round


0 Recommendations for Tdocs
0.1 1st round 
New tdocs
	Title
	Source
	Comments

	Reply LS on PUCCH and PUSCH repetition
	Qualcomm Incorporated
	To: RAN1

	WF on phase continuity and power consistency for PUCCH and PUSCH repetition
	Huawei, HiSilicon
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2108800
	Phase continuity with the other channels in the gap
	Qualcomm Incorporated
	Noted
	

	R4-2109012
	Views on phase continuity and power consistency for PUSCH and PUCCH repetition
	Sony
	Noted
	

	R4-2109263
	Further discussion on phase continuity for LS reply
	InterDigital Communications
	Noted
	

	R4-2109581
	On phase continuity and power consistency for PUCCH and PUSCH repetition
	China Telecom
	Noted
	

	R4-2109743
	Phase continuity and power consistency for PUSCH and PUCCH repetition
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2110611
	Discussion on reply LS on NR coverage enhancement
	ZTE Corporation
	Noted
	

	R4-2110612
	Discussion on phase discontinuity and power inconsistency tolerance across different repetitions
	ZTE Corporation
	Noted
	

	R4-2111156
	Further analysis on PUSCH/PUCCH repetition impacts
	MediaTek Inc.
	Noted
	

	R4-2111194
	Reply LS to RAN1 latest question on phase discontinuity
	Ericsson
	Noted
	

	R4-2111195
	Simulation assumption for phase tolerance for PUSCH PUCCH repeition
	Ericsson
	Noted
	

	R4-2111385
	on phase continuty for multiple transmissions
	Huawei, HiSilicon
	Noted
	

	R4-2111386
	simulation assumption for phase tolerance Cov_enh
	Huawei, HiSilicon
	Noted
	



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

0.2 2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-210xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-210xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	



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
3) Do not include hyper-links in the documents
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