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Introduction
For NR coverage enhancements WI, there are several LS exchange between RAN1/RAN5 and RAN4, and many RAN4 RF agreements captured in the WFs. To better track those agreements, the RAN1/4 LS and WF approved in previous meetings are summarized in the Annex of this contribution. The Annex has been updated to capture the content of the RAN1/4 LS and RAN4 WF approved in each meeting.
Annex A: Summary of agreements in previous meetings
A.1		List of RAN1 LS to RAN4
A.1.1  R1-2009784, LS on PUCCH and PUSCH repetition (RAN1 #103e, Oct - Nov 2020)
1. Overall Description:
In the study of coverage enhancement in Rel-17, DMRS bundling cross PUCCH or PUSCH is identified as a potential scheme to enhance PUCCH or PUSCH coverage. For RAN1 to further study the DMRS bundling scheme, RAN1 made the following agreement to ask feedback from RAN4 on the conditions for UE to keep phase continuity and same power level (with certain tolerance level) cross PUCCH or PUSCH repetitions. 
Agreements: For DMRS bundling cross PUCCH or PUSCH repetitions, send an LS to RAN4 to ask the following 
· Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
· Power control tolerance level cross PUCCH or PUSCH repetitions

2. Actions:
RAN1 respectfully asks RAN4 to provide answers to the following questions
· Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
· Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions

A.1.2  R1-2104119, Reply on LS on PUCCH and PUSCH repetition (RAN1 #104e-bis, Apr 2021)
1. Overall Description:
In LS R1-2102298 (R4-2103393), RAN1 received the following question from RAN4. 
Question from RAN4 to RAN1: For analysis for the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1 if RAN1 has specific scenario what RAN4 should focus in their study? (e.g contiguous/non-contiguous transmission, within one time slot or multiple time slots, TDD band or FDD band etc)
RAN1 has discussed the issues raised in this question and would like to provide the following answers to RAN4. 
For PUSCH transmission, the following use cases are considered in RAN1. Among the following cases, RAN1 suggest RAN4 to deprioritize use case 5a for PUSCH transmission.
   Use case 1: back-to-back PUSCH transmissions within one slot.
   Use case 2: non-back-to-back PUSCH transmissions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUSCH transmissions
‐   Use case 2b: other uplink transmissions in the middle of two PUSCH transmissions
   Use case 3: back-to-back PUSCH transmissions across consecutive slots.
   Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
‐   Use case 4a: no uplink transmission in the middle of two PUSCH transmissions
‐   Use case 4b: other uplink transmissions in the middle of two PUSCH transmissions
   Use case 5: PUSCH transmissions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUSCH transmissions 
‐   Use case 5b: other uplink transmissions in the middle of two PUSCH transmissions
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.
Note: intervening “other uplink transmissions” can be either on the same component carrier or a different component carrier. 
For PUCCH repetitions, the following use cases are considered in RAN1. Among the following cases, RAN1 suggest RAN4 to prioritize the study on use case 3, 4a, 4b, and 5b for PUCCH repetitions. 
   Use case 1: back-to-back PUCCH repetitions within one slot.
   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 
   Use case 3: back-to-back PUCCH repetitions across consecutive slots.
   Use case 4: non-back-to-back PUCCH repetitions across consecutive slots.
‐   Use 4a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use 4b: other uplink transmissions in the middle of two PUCCH repetitions 
   Use case 5: PUCCH repetitions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
‐   Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions
Note: RAN1 assumes “back-to-back PUCCH repetitions” has zero gap in-between adjacent PUCCH repetitions.
Note: intervening “other uplink transmissions” can be either on the same component carrier or a different component carrier. 
In additional, RAN1 also discussed a few more related aspects on PUCCH repetitions and PUSCH transmissions. RAN1 respectfully asks RAN4 to provide answers to the following questions. 
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? 
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?
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?

2. Actions:
RAN1 respectfully asks RAN4 to take the above information into account in their work on NR coverage enhancement. 
RAN1 respectfully asks RAN4 to provide answers to the following questions.
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? 
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?
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?

A.1.3  R1-2106212, LS on joint channel estimation for PUSCH and PUCCH (RAN1 #105e, May 2021)
1. Overall Description:
RAN1 has discussed the maximum duration for joint channel estimation for PUSCH and PUCCH in RAN1#105-e meeting. RAN1 respectfully asks RAN4 to provide answers to the following questions.
· For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
· What factors determine the maximum duration?
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· Whether the maximum duration is band specific?
· Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration

2. Actions:
To RAN WG4:
ACTION: 
RAN1 respectfully asks RAN4 to provide answers to the following questions.
· For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
· What factors determine the maximum duration?
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· Whether the maximum duration is band specific?
· Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
A.1.4  R1-2108458, Reply LS on PUCCH and PUSCH repetition (RAN1 #106-e, Aug 2021)
1. Overall Description:
In LS R1-2106423 (R4-2107880), RAN1 received the following question from RAN4. 
RAN4 also asks RAN1 to provide more information on the scenario when “downlink reception” from UE point of view includes downlink symbols without actual DL transmission from gNB to UE and UE is not assumed to do DL monitoring?
RAN1 has discussed the issue raised in this question and would like to provide the following answers to RAN4. 
In RAN1 understanding, regarding to the “downlink reception”, there are actually three scenarios: 
· Scenario 1: downlink or flexible symbols with actual DL transmission from gNB to UE, with/without DL monitoring occasion configured
· Scenario 2: downlink or flexible symbols without actual DL transmission from gNB to UE, but with DL monitoring occasion configured
· Scenario 3: downlink or flexible symbols without DL monitoring occasion configured

For scenario 1, one example is that PDSCH is actually transmitted on DL symbols. For scenario 2, one example is that a PDCCH monitoring occasion is configured, but gNB does not send PDCCH actually on the PDCCH monitoring occasion. For scenario 3, one example is that some symbols are indicated (e.g., by tdd-UL-DL-ConfigurationCommon) as DL symbols, but neither PDCCH monitoring occasion is configured nor PDSCH is transmitted on those DL symbols. 
RAN1 understand that, the “downlink reception” in RAN4 reply LS R4-2103393 covers scenario 1 and scenario 2 already. The question “whether ‘downlink reception’ include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring” that RAN1 asking to RAN4 in R1-2104119 simply means the following
· [bookmark: _Hlk80305082]In additional to scenario 1 and 2, does the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further include scenario 3?

Besides the above, RAN1 also like to clarify that any DL measurement that a UE needs to perform is also included in “downlink reception”. 

2. Actions:
RAN1 respectfully asks RAN4 to take the above information into account in their work on NR coverage enhancement. 
RAN1 respectfully asks RAN4 to provide answer to the following question.
· Question 1: In additional to scenario 1 and 2, does the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further include scenario 3?

A.1.5  R1-2110642, Reply LS on PUCCH and PUSCH repetition (RAN1 #106e-bis, Oct 2021)
1. Overall Description:
In R1-2108703(R4-2114991) “Reply LS on PUCCH and PUSCH transmissions”, RAN 4 asked the following question to RAN1:
· [bookmark: _Hlk85362099]What are the consequences if phase continuity cannot be maintained in the case of UL transmissions from other signals/channels in the repetition gap?
The following is the answer from RAN 1 to RAN 4, regarding the above question,
· If phase continuity cannot be maintained in the case of UL transmissions of other signals/channels in the repetition gap, then DM-RS symbols transmitted before and after the transmission of such other signals/channels cannot be part of the same bundle from UE perspective. A new DMRS bundle may or may not start after the other UL signals/channel transmission in the repetition gap. Details are still under discussion in RAN1.

2. Actions:
RAN1 respectfully asks RAN4 to take the above information into account in their work on NR coverage enhancement.
A.1.6  R1-2200773, LS on DMRS bundling for PUSCH and PUCCH (RAN1 #107e -bis, Jan 2022)
1. Overall Description:
RAN1 has discussed the maximum length for the non-zero un-scheduled gap for extended CP for DMRS bundling in RAN1#107b-e meeting. RAN1 respectfully asks RAN4 to provide answer to the following question.
· For extended CP, is 11-symbol the maximum length for the non-zero un-scheduled gap in-between the PUSCH transmission or PUCCH repetition, when UE is required to maintain power consistency and phase continuity?
A.1.7  R1-2202927, LS on updated Rel-17 RAN1 UE features list for NR (RAN1 #108e, Feb - Mar 2022)
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 orders.
	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



A.2		List of RAN4 reply LS to RAN1
A.2.1  R4-2103393, Reply on LS on PUCCH and PUSCH repetition (RAN4 #98e, Jan - Feb 2021)
1. Overall Description:
Ran4 has discussed the phase continuity and concluded that the cases where continuity is lost in repetitions.
Questions from RAN1 with answers from RAN4
· Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· RAN4 Answer for question 1: If the following conditions are met
· Modulation order does not change.
· RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
· No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213, and also when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 
· No UL beam switching for FR2 UE occurs
· Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions.
· RAN4 Answer for question 2: 
· For back-to-back transmissions with zero gap in-between adjacent transmissions, the conditions under Q1 need to be met to maintain phase continuity. 
· For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the conditions under Q1: 
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity  
· Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions
· RAN4 answer 3: If the conditions for phase continuity cross PUSCH or PUCCH repetitions are fulfilled, the same power level (with certain tolerance level) can also be achieved. The certain tolerance level is still under discussion in RAN4.

RAN4 has also discussed that in order to quantify the phase discontinuity tolerance, more understanding is needed how much phase can change between two transmissions and how long gap in time between two repetitions is possible. For this issue RAN4 would like to ask RAN1 

Question from RAN4 to RAN1: For analysis for the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1 if RAN1 has specific scenario what RAN4 should focus in their study? (e.g contiguous/non-contiguous transmission, within one time slot or multiple time slots, TDD band or FDD band etc)

2. Actions:
RAN4 respectfully asks RAN1 to consider the answers in their work and RAN4 asks if RAN1 could reply to the one additional question related to the amount if phase change study: 
Question 4: For analysis for the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1 if RAN1 has specific scenario what RAN4 should focus in their study?  

A.2.2  R4-2105417, Reply LS on PUCCH and PUSCH repetition (RAN4 #98e-bis, Apr 2021)
1	Overall description
RAN4 has continued the discussion about the open items in previous reply on the same topic as highlighted below:
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity  
· RAN4 answer 3: If the conditions for phase continuity cross PUSCH or PUCCH repetitions are fulfilled, the same power level (with certain tolerance level) can also be achieved. The certain tolerance level is still under discussion in RAN4.

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. 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. 
For the phase tolerance level, RAN4 is planning to perform further studies in following meetings.
		
2	Actions
To RAN1
ACTION: 	To RAN1
RAN4 respectfully asks RAN1 to the above information in account in their work

A.2.3  R4-2107880, Reply LS on PUCCH and PUSCH repetition (RAN4 #99e, May 2021)
1	Overall description
RAN4 has continued discussing the un-scheduled gap consisting of unscheduled symbols between two PUCCH repetitions or PUSCH transmissions and reached a conclusion that it is feasible for UE to maintain phase continuity when the gap is 13 symbols or less. RAN4 is still discussing the feasibility of 14 symbols or 1 ms for different SCSs for the un-scheduled gap. Main drawback RAN4 sees with long gaps is UE energy efficiency since it needs to maintain TX parts active but UE is not transmitting and the issue of existing OFF power requirements not being satisfied for less 1ms duration. 
If new RF requirements for UE during the gap are needed, is under discussion in RAN4.
Regarding questions from RAN1 in R1-2104119
· 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?
RAN4 Answer is that applying the same TPMI precoder across PUSCH transmissions is necessary condition to apply joint channel estimation.

· 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?
RAN4 Answer is that TA adjustment and UE uplink timing autonomous adjustments cause the phase to change. RAN4 is still investigating the full impacts of the detailed scenarios, and will provide a final view about this at the next RAN4 meeting.
		
· 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?
RAN4 Answer is that
1) [bookmark: _Hlk72760953]The “downlink reception” means downlink symbols with actual DL transmission from gNB to UE and/or DL monitoring with the assumption that UE is receiving information.
2) 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.
3) Phase discontinuity tolerance LLS is ongoing in RAN4 study and conditions of whether the phase continuity can be maintained in TDD case that has downlink reception in-between the PUSCH or PUCCH repetition could be revisited in future meeting with consideration of phase discontinuity tolerance.  RAN4 is also still checking whether there are any optional UE antenna configurations where a UE could overcome this problem and still gain from using the feature

2	Actions
To RAN1
ACTION: 	
RAN4 asks RAN1 to take above information in to account in their work. 
RAN4 also asks RAN1 to provide more information on the scenario when “downlink reception” from UE point of view includes downlink symbols without actual DL transmission from gNB to UE and UE is not assumed to do DL monitoring?
A.2.4  R4-2114991, Reply LS on PUCCH and PUSCH transmissions (RAN4 #100e, Aug 2021)
1. Overall Description:
RAN1 question: For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
RAN4 answer: Yes, there is a maximum duration but RAN4 has not agreed how many slots it is.
· RAN1 question: What factors determine the maximum duration?
· RAN4 answer: RAN4 has agreed that TA adjustment should be avoided across the PUSCH/PUCCH transmissions (i.e., from start of first transmission until the end of last transmission) for joint channel estimation. RAN4 is still investigating other factors impact  in more detail.
· RAN1 question: Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· RAN4 answer: Yes
· RAN1 question: Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM?
· RAN4 answer: Considering the scenario of coverage extension, RAN4 recommends to only focus on modulation orders not higher than QPSK, i.e., focus on QPSK (PUCCH and PUSCH), Pi/2 BPSK (PUCCH and PUSCH), BPSK (PUCCH). RAN4 is still discussing whether maximum duration depends on modulation order for the above modulation schemes.
· RAN1 question: Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· RAN4 answer: No
· RAN1 question: Whether the maximum duration is band specific? 
· RAN4 answer: It may be FR dependent, and RAN4 is still discussing whether it is band dependent as well.
· RAN1 question: Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
· RAN4 answer: Still under discussion in RAN4.

RAN4 has further agreed for the gap between PUSCH/PUCCH transmissions, that the 13-symbol is the maximum length for the gap for all SCS, and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.
RAN4 has agreed for the case of other signals/channels in the gap between repetitions, it is not considered for UE to transmit other channels in the gap with different settings.
For the case of other UL signals/channels in the gap between repetitions with same settings, as communicated in R4-2105417, RAN4 has further refined the conditions when phase continuity can be met as follows:
· Signals/channels with repetitions and other UL signals/channels in the gap have the same:
· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.
· Allocated number and locations of PRBs transmitted
· Antenna port settings 
RAN4 has not agreed detailed requirement for phase continuity and plans to revisit the above agreement in the scenario of other UL signals/channels in the gap once the requirement is defined. Therefore, RAN4 would like to ask RAN1 what are the consequences if phase continuity cannot be maintained in that scenario? 

2. Actions:
To RAN1 group.
ACTION:   RAN4 would like to ask RAN1 what are the consequences if phase continuity cannot be maintained in the case of UL transmissions from other signals/channels in the repetition gap?
A.2.5  R4-2120002, Reply LS on PUCCH and PUSCH transmissions (RAN4 #101e, Nov 2021)
1. Overall Description:
In LS R1-2108458, (R4-2117006) RAN4 received the following question from RAN1. 
Question 1: In additional to scenario 1 and 2, does the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further include scenario 3? 
In RAN1 understanding, regarding to the “downlink reception”, there are actually three scenarios: 
· Scenario 1: downlink or flexible symbols with actual DL transmission from gNB to UE, with/without DL monitoring occasion configured
· Scenario 2: downlink or flexible symbols without actual DL transmission from gNB to UE, but with DL monitoring occasion configured
· Scenario 3: downlink or flexible symbols without DL monitoring occasion configured

Besides the above, RAN1 also like to clarify that any DL measurement that a UE needs to perform is also included in “downlink reception”. 

RAN4 answer: For scenario 3, UE needs to prepare for the reception of DCI triggered DL for flexible symbols therefore it needs to retune the RF for reception and therefore loses phase continuity. Therefore scenario 3 is included in the “downlink reception”. 
[bookmark: _Hlk87511782]
The length(s) of maximum duration is still being analyzed in RAN4.
RAN4 is studying the impact of enabling up to 32 slots. Other numbers beyond 32 slots are not analyzed in RAN4.
RAN4 is still discussing whether the max duration would be best defined per-FR or per-band. 


2. Actions:
RAN4 respectfully asks RAN1 to take the above information into account in their work on NR coverage enhancement. 
A.2.6  R4-2202368, Reply LS on Maximum duration for DMRS bundling (RAN4 #101e-bis, Jan 2022)
1	Overall description
RAN4 replied to LS R1-2106212 from RAN1 regarding maximum duration earlier with R4-2120002 but length of maximum duration was still left open. In an earlier LS RAN4 indicated that up to 32 slots was being discussed. RAN4 will further discuss the feasible value(s) for maximum duration and has considered the following:
UE reports the single value per band from a set of up to 4 values, and RAN4 does not consider the value more than 32 slots for the capability for maximum duration. Values RAN4 being considered are 5, 8, 16 or 32 slots.
2	Actions
To RAN1 and RAN2
ACTION:  RAN4 respectfully asks RAN1 and RAN2 to take the above information in to consideration in their work. 
A.2.7  R4-2206537, Reply LS on Maximum duration for DMRS bundling (RAN4 #102e, Feb - Mar 2022)
1	Overall description
In R1-2200773 RAN1 asked a question: 
RAN1 respectfully asks RAN4 to provide answer to the following question.
· For extended CP, is 11-symbol the maximum length for the non-zero un-scheduled gap in-between the PUSCH transmission or PUCCH repetition, when UE is required to maintain power consistency and phase continuity?
RAN4 has concluded that for extended CP, 11-symbol is the maximum length for the non-zero un-scheduled gap in-between the PUSCH transmission or PUCCH repetition, when UE is required to maintain power consistency and phase continuity.
		
Additionally, RAN4 has discussed the maximum duration and from RAN4 perspective, it is concluded that for per band UE capability on length of maximum duration, the set of values of duration lengths for FDD are {4, 8, 16, 32} slots.
Meanwhile, RAN4 will not define the requirements with 32 slots for FDD in Rel-17.
In RAN4 understanding, the final conclusion on the set of values for UE capability reporting is up to RAN1 to decide.
2	Actions
To RAN1 and RAN2 
ACTION: RAN4 respectfully asks RAN1 and RAN2 to take the above information in to consideration in their work. 

A.2.8  R4-2206580, Reply LS on Length of Maximum duration (RAN4 #102e, Feb - Mar 2022)
1	Overall description
RAN4 replied to LS R1-2106212 from RAN1 regarding maximum duration earlier with R4-2206537, which indicated that RAN4 concluded that for per band UE capability on length of maximum duration, the set of values of duration lengths for FDD are {4, 8, 16, 32} slots. Meanwhile, RAN4 will not define the requirements with 32 slots for FDD in Rel-17.
RAN4 continued discussing the granularity of the UE capability and the length of maximum duration for TDD, and further concluded that:
For the granularity of the UE capability on length of maximum duration: 
· 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.
For the length of maximum duration for TDD:
· Regarding the RAN1 request for maximum duration, RAN4 understands that the UE capability for TDD refers to the number of consecutively transmitted UL slots over which the UE can meet the phase consistency requirement, assuming no phase/power consistency violating events in between.
· For the above UE capability (as defined), RAN4 has further concluded that the set of values of duration lengths should at least include {2, 4, 8} slots, and whether 16 slots can be included in the set of values for UE capability reporting is up to RAN1 to decide, but RAN4 does not intend to define requirements for 16 slots for TDD in Rel-17.

2	Actions	
To RAN1 and RAN2 
ACTION: RAN4 respectfully asks RAN1 and RAN2 to take the above information in to consideration in their work. 
A.2.9  R4-2211225, Reply LS to RAN1/RAN2 on DMRS bundling (RAN4 #103e, May 2022)
1. Overall Description:
RAN4 would like to thank RAN1 for their LS on the latest version of the Rel-17 RAN1 UE feature list. RAN4 has had further discussion on NR Coverage Enhancements, and provide further information below:

1) Modulation order support 
On FG 30-4, RAN4 confirms that the maximum modulation order supported in Rel-17 requirements is QPSK and proposes to add the following note to RAN1 UE feature to ensure clarity of what is supported in Rel-17 specs.

	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 consistency 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
	NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders, as defined in TS 38.101-1 & 38.101-2, for the corresponding physical channels.
	Optional with capability signalling



2) CA/DC/SUL support
RAN4 would like to inform RAN1 and RAN2 that it has agreed to define requirements for the following additional radio configurations for Rel-17 DMRS bundling:
1. FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
1. FR1 inter-band DL CA with a “single” uplink band configured, meaning no switching to transmit SRS on another carrier.
RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the following conditions:
· For carrier switching back and forth between UL carrier and SRS carrier, if the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
Considering FR1 inter-band UL CA with DMRS bundling with following conditions:
· UE shall only have ongoing transmissions on a single uplink carrier at the same time. If overlapping transmissions of PUSCH, PUCCH, and/or SRS are erroneously scheduled/configured by the gNB on more than one carrier, then the phase continuity of DMRS bundling will be broken.
· Only configuration of a single TAG is supported.
· If there is any carrier switching back and forth between two carriers and the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
· Can only one band can be configured with DMRS bundling at a time?



RAN4 also discussed whether applying DMRS bundle to SUL would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering SUL with DMRS bundling with following conditions:
· Can only one band can be configured with DMRS bundling at a time?
· If there is any carrier switching back and forth between SUL and NUL carriers and the switching happens within the bundling duration, then the phase continuity is not maintained by the UE.



Unfortunately, RAN4 has still not concluded on whether the UE capability signalling to support each of these configurations should be defined per-band, or per-band per band combination. Previous RAN4 agreements on UE capability are not overturned.

3) UE UL Tx power adaptation
RAN4 acknowledged that the modification of Tx power may mean that phase continuity and power consistency is not able to be maintained by the UE, as seen in an earlier LS to RAN1 in R4-2103393. In RAN4 #103e meeting, RAN4 has also discussed whether text relating to UL Tx transmission power during transmission of a DMRS bundle in TS 38.101 needs further clarification. It has been raised during RAN4 discussions that in TS 38.214 v17.1.0 section 6.1.7 it states that “The UE shall maintain power consistency and phase continuity within an actual TDW…”.
RAN4 would therefore appreciate feedback from RAN1 on whether the text in TS 38.214 section 6.1.7 prevents the UE from modifying its Tx power when necessary, i.e. prevents the UE from following TS 38.213 clause 7.1.1 and 7.2.1, or prevents the UE from adapting P-MPR, during transmission of a DMRS bundle. We ask this because further alignment of understanding between RAN1 and RAN4 may be needed.

4) Non-support for FR2-2
RAN4 has also agreed not to extend the DMRS bundling requirements to FR2-2 in Rel-17.

2. Actions:
To RAN WG1 and RAN WG2
ACTION: 
· RAN4 kindly asks RAN1 and RAN2 to take into account the information provided by RAN4 on points 1, 2, and 4. 
· RAN4 also requests RAN1 to provide further feedback on the questions in points 2 and 3.

A.3		List of RAN4 WF
A.3.1  R4-2103363, WF on phase continuity and power consistency for PUCCH and PUSCH repetition (RAN4 #98e, Jan - Feb 2021)
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A.3.2  R4-2105418, WF on phase continuity and power consistency for PUCCH and PUSCH repetition (RAN4 #98e-bis, Apr 2021)
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A.3.3  R4-2107881, WF on phase continuity and power consistency for PUCCH and PUSCH repetition (RAN4 #99e, May 2021)
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A.3.4  R4-2114992, WF on phase continuity and power consistency for PUCCH and PUSCH transmissions (RAN4 #100e, Aug 2021)
Sub-topic 1-1: Non-zero un-scheduled gap in-between transmissions
Issue 1-1-2: RF requirements for the non-scheduled gap
Agreement in GTW session: 
Send LS to RAN1 to explain that the 13-symbol is the maximum length and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.
· To clarify work in RAN4, off-power requirement can be further discussed for up to 13 symbols.
· On off power less than 1ms gap
· [bookmark: OLE_LINK155]Option 1: Define new transmit off power for gap symbols explicitly for Rel-17 coverage enhancement case
· Alt.1: Define a relaxed transmit off power due to shorter measurement period
· Alt.2: Carrier leakage requirement applies for the non-scheduled gap
· FFS how to define carrier leakage requirement with no signal transmitted during the gap
· Option 2: RAN4 do not introduce new transmit off power 
· i.e. no requirement applies during the gap
· Option 3: The existing OFF power level of -50dBm apply for less than 1 ms 
· FFS whether to and how to introduce measurement uncertainty
[bookmark: _Toc79478139][bookmark: OLE_LINK5]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 GTW: 
· Scenario 2 is not considered.
· For scenario 1, there is no guard period on the condition that
· Signals/channels with repetitions and other signals/channels in the gap have the same PAPR and AVG power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and AVG power.
· The same PRB location and PRB size for signals/channels with repetitions and other signals/channels in the gap
· Signals/channels with repetitions and other signals/channels in the gap have the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels
· Re-visit the above conclusions after RAN4 finalizes the phase continuity tolerance requirement.
[bookmark: _Toc79478140]Sub-topic 1-3: TA adjustment impact on phase continuity
Issue 1-3-1: For network commanded TA adjustment
Agreement in GTW: TA adjustments should be avoided across the PUSCH/PUCCH transmissions (i.e., from starting the first transmission until the end of repetition) for joint channel estimation.
Issue 1-3-2: For UE autonomous adjustment
· Option 1: UE autonomous adjustment is not expected across the repetitions
· Check with RAN1 if there is RAN1 spec impact before concluded with option 1
· Option 2: Up to UE implementation
· UE should maintain within phase tolerance even when UE autonomous adjustment is allowed but not (pre-)compensated
· Option 3: The corresponding phase change can be pre-compensated at UE baseband processing, or estimated and compensated at BS baseband processing.
· Check feasibility of (pre-)compensation at UE/BS baseband processing
· Down select among above options

[bookmark: _Toc79478141]Sub-topic 1-4: Phase continuity and power consistency tolerance
Issue 1-4-1: Phase continuity tolerance
· On phase continuity tolerance initial thoughts based on simulation results
· [bookmark: OLE_LINK158]1: within 40 degrees based on simulation for PUCCH
· 2: within 30 degrees based on simulation for PUSCH QPSK
· 3: 
· For PUSCH QPSK, in the order of 20 degrees for 8 repetitions
· For PUCCH format 3, 40 degree’s STD for 2 repetition and 20 degree’s STD for 8 repetition
· Align on simulation assumption, decide the phase tolerance in next RAN4 meeting, key factors for alignment are as follow
· Physical channel: PUSCH and PUCCH
· Repetition number: 2/8
· Model of phase variation: in issue 1-4-2
· DMRS configuration per slot
· Modulation order: focus on Pi/2 BPSK (PUCCH/PUSCH), QPSK (PUCCH/PUSCH), BPSK (PUCCH)

Issue 1-4-2: Model of phase variation
· [bookmark: OLE_LINK125][bookmark: OLE_LINK123][bookmark: OLE_LINK124]Down select Model of explicit phase offset between option 1 and option 2
· [bookmark: OLE_LINK138]Option 1: Gaussian, std deviation 
· Option 2: uniform distribution 
· Definition of the offset
· For each individual slot (0…n) within the bundle, an independent offset is generated and applied.

Issue 1-4-3: Definition of phase continuity tolerance
· [bookmark: OLE_LINK162]Issue A: Definition for the requirements and reference point
· Issue B: Definition of measurement point
· For Issue A and Issue B, encourage companies to further discuss in the next meeting, taking into account the inputs in this meeting.

Issue 1-4-4: Power consistency tolerance
· Proposed power variation based on simulation results
· Option 1: 2 dB power variation with uniform distribution 
· Option 2: 1 dB fixed power offset (0.5 dB amplitude offset) 
· Option 3: Further study 
· [bookmark: OLE_LINK164]Option 4: Reuse existing power consistency requirements defined in RAN4 spec.
· [bookmark: OLE_LINK163]Focus on Pi/2 BPSK (PUCCH/PUSCH), QPSK (PUCCH/PUSCH), BPSK (PUCCH). 
· Further discuss the model of power variation if existing power consistency requirements cannot be reused :
· Option 1: uniform distribution
· Option 2: fixed offset

Issue 1-4-5: Impact from frequency offset
· CFO/frequency offset compensation at the receiver is considered assuming
· 1: constant CFO between transmission is assumed at UE 
· 2: full compensation of CFO assumed or leftover phase offset after compensation is assumed
Needs further discussion on whether the above points 1 and 2 can actually be assumed.

[bookmark: _Toc79478142]Sub-topic 1-5: Maximum duration for joint channel estimation
Issue 1-5-1: For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level?
Agreement in GTW: For joint channel estimation, there is a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level

Issue 1-5-2: If there is a maximum duration, how long is it?
· Option 1: The maximum duration should depend on the interval where the UE does not make frequency adjustment with DL signal
· Alt 1: at least smaller/equal than the configured SSB periodicity
· Alt 2: other DL RS periodicity
· Option 2: Depends on JCE performance considering the phase tolerance and/or gNB frequency offset compensation accuracy during the duration even within a sync periodicity.
· Option 3: Maximum duration length depends on both option 1 and option 2

Issue 1-5-3: What factors determine the maximum duration?
Further discuss on following proposals, and other factor is not precluded
· Proposal 1: Energy efficiency and thermal changes
· Proposal 2: The maximum time the UE not adjusting its frequency/time. 
· Proposal 3: Phase tolerance within the duration 
· Proposal 4: Factors related to the leftover frequency offset across slots, e.g., channel BW 
· Proposal 5: Whether to configure the PT-RS 
· Proposal 6: Clock stability and PA behavior 

Issue 1-5-4: Whether the maximum duration is dependent on the modulation order of transmission?
For modulation orders not higher than QPSK, further discuss whether the maximum duration is dependent on the modulation order of transmission or not?

Issue 1-5-6: Whether the maximum duration is band specific?
FFS on whether maximum duration is FR(frequency range) specific, and/or band specific

Issue 1-5-7: Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
FFS with following options:
· Option 1: Yes
· Option 2: Subject to a single maximum duration
· Option 3: Needs further discussion 

[bookmark: _Toc79478143]Sub-topic 1-6: DL slot(s) in-between repetition
[bookmark: OLE_LINK170]Issue 1-6: DL slot(s) in-between repetition
· For the case of “with DL reception (including monitoring and/or measurements)”:
· [bookmark: OLE_LINK174]Alt 1: This case will not be discussed in RAN4 anymore in Rel-17, FFS for future release
· Alt 2: other method
· UE can retune the phase with a gap period to maintain the phase continuity (R4-2112889)
· UE can use separate Tx/Rx antennas to maintain the phase continuity (R4-2112889)
· UE can meet the to-be-defined phase/amplitude discontinuity tolerance requirement with some design
· For the case of “without actual DL transmission from gNB to UE and without DL monitoring”:
· Hold on the discussion till we receive the response from RAN1.
A.3.5  R4-2120003, WF on phase continuity and power consistency for PUCCH and PUSCH transmissions (RAN4 #101e, Nov 2021)
Sub-topic 1-1: Requirements for non-zero gap in-between PUSCH/PUCCH transmissions 
Issue 1-1-1: RF requirements for the non-zero gap in between PUSCH/PUCCH transmissions
Summary of 1st round discussion:
· On off power less than 1ms gap: 
· Option 1: Define new transmit off power for gap symbols explicitly for Rel-17 coverage enhancement case 
0. Option 1A: Define -50dBm-10log(X/1ms) as the requirement for transmit OFF power within <1ms time duration, where X is the unscheduled gap between two repetitions for JCE in milliseconds.
0. Option 1B: RAN4 should not consider power level values lower than -5dBm for PC3 / -2dBm for PC2.
· Option 2: RAN4 do not introduce new transmit off power, i.e. no requirement applies during the gap.
· Option 3: The existing OFF power level of -50dBm apply for less than 1 ms. 
· FFS whether to and how to introduce measurement uncertainty.
WF recommendation:
· On off power less than 1ms gap, down select  
· Option 1: RAN4 do not introduce new transmit off power. 
· i.e. no requirement applies during the gap.
· Option 2: The existing OFF power level of -50dBm apply for less than 1 ms. 
· FFS whether to and how to introduce measurement uncertainty.
Sub-topic 1-2: Timing adjustment impact on phase continuity
Issue 1-2-1: For UE autonomous adjustment
Summary of 1st round discussion:
· Candidate options:
· Option 1: UE autonomous adjustment is not expected across the PUSCH/PUCCH transmissions.
· Option 2: Up to UE implementation, while maintaining the power consistency and phase continuity tolerance.
· Comparison of Option 1 and 2:
· Interpretation 1: Both options imply UE would not adjust timing, and Option 1 and 2 are identical.
· Interpretation 2: UE autonomous timing adjustment and compensation on phase offset are not precluded in Option 2, then Option 1 is an implementation choice of Option 2.
· Note: With either Interpretation 1 or 2, if Option 2 is agreed, Option 1 is also allowed. 
WF recommendation:
· Option 1: Up to UE implementation, while maintaining the power consistency and phase continuity tolerance.
· Option 2: The autonomous adjustment is not expected if DL timing is not changed. It is up to UE implementation if DL timing is changed. FFS how to capture this in RF requirement/test. 
Sub-topic 1-3: Requirements for phase continuity and power consistency tolerance
Issue 1-3-1: Model of phase variation
Agreement in GTW:
· For the model of explicit phase offset, uniform distribution is agreed.
· To evaluate the phase offset tolerance for coverage enhancement (simulation assumption):
· BS reference receiver:
· Used all the DMRS within the repetition duration for channel estimation.
· It is encouraged for companies to provide the equalization algorithms used in the simulation.
· This is just the assumption for evaluation and does not imply mandating any implementation for BS.
· NOTE: try to reuse RAN1 simulation assumption.
· Provide the performance evaluation:
· Provide the tolerable phase offset by using both Option 1 simulation setup and Option 2 simulation setup.
· Compare the performance between with and without random phase offsets.
· Option 1 means that for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Option 2 means that for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
Issue 1-3-2: Phase continuity tolerance
Agreement in GTW:
· Criterion to derive the tolerance:
· The degradation of performance for case with phase offset over case without phase offset.
· The performance gain of using joint channel estimation over not using joint channel estimation when phase offset is modeled.
· Run the simulations for the following cases:
· For Option 1 phase offset, consider offset [-X, X].
· X is in the range of 10 to 40.
· Option 1 phase offset means that for each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· For Option 2 phase offset, consider offset [-X, X].
· X is in the range of 5 to 20.
· Option 2 phase offset means that for each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate) 
· Duration of transmission repetition n.
· n = 8,
· other values, e.g., 12, 16, 32, are not precluded.
Issue 1-3-4: Model of power variation
Agreement in GTW:
· For model of explicit power offset for the evaluation, Option 1 (uniform distribution) is agreed.
· For definition of the power offset, the following is agreed.
· For each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
Issue 1-3-5: Power consistency tolerance
Summary of 1st round discussion:
· Proposals based on simulation results:
· Option 1: 1 dB power offset with uniform distribution
· Option 2: 2 dB power offset with uniform distribution
· Option 3: 4 dB power offset with uniform distribution
· Option 4: 4 dB fixed power offset
· Option 5: Not specify the requirement for the amplitude offset, i.e., reuse existing power consistency requirements defined in RAN4 spec.
· The impact from power variance is negligible.
WF recommendation:
· Considering power offset [-X, X] dB in the evaluation.
· X is in the range of [1, 2 and 3.5]
· FFS on the time relate to this, e.g., whether it can assume max duration no longer than 21ms. 
Issue 1-3-6: Impact from frequency offset
Summary of 1st round discussion:
· Proposal 1: Frequency error is assumed constant for the duration provided that the maximum bundle length is not too long.
· Proposal 2: Assuming full compensation of CFO at the BS receiver.
· Proposal 3: 
· Test equipment shall estimate the CFO based on individual time slot and not estimated the CFO from best fit on all bundled time slot.
· From our simulation for the CFO impact analysis, it is found out that the CFO estimation based on combined repetition time slot actually can give JCE gain compared with the gene CFO.
· This means that if CFO is estimated using the best fit of the concatenated time slots (for FDD band) where the repetition transmission occurs, the estimated CFO may compensate partly the phase variation and thus mask the real phase variation caused by UE transmitter.
· For TDD band, additional phase offset caused by CFO between the repetition time slots should be compensated to have correct test result.
· For TDD band, the measurement will be done in a non-back-to-back pattern as there are DL time slots between the repetition time slots and thus additional phase offset caused by CFO between the repetition time slots should be compensated.
WF recommendation:
· Assuming full compensation of CFO at the BS receiver.
· Further discussion needed on what is feasible in general here.
Issue 1-3-7: Definition of RF requirements
WF recommendation: 
· For definition of RF requirements, the following options will be further discussed in the future meetings.
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly.
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly.
· Option 2: Define UE requirement as EVM value using JCE process.
· FFS EVM simulation assumptions.
· Option 3. Other options not excluded
· Encourage the test equipment vendor to provide the feedback on the testability of option 1 and option2.
Issue 1-3-7A: DMRS for channel estimation in the test
WF recommendation:
· For the test implementation: 
· Option 1: Whether use all DMRS’s from all the bundled slots equally for JCE channel estimation?
· Option 1: Yes.
· Option 2: No.
· Option 2: Whether the equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots?
· Option 1: Yes.
· Option 2: No.
· Option 3: To be further discussed based on issue 1-3-7.
Issue 1-3-8: Simulation assumptions for phase continuity and power inconsistency
WF recommendation:
· In addition to the parameters agreed in previous RAN4 meetings and agreed under Issue 1-3-1/2/4/5, introduce other parameters for the evaluation:
· 15 kHz and 30kHz for FR1, 60kHz for FR2
Sub-topic 1-4: Measurement for phase continuity and power consistency tolerance
Issue 1-4-1: Reference point for phase/amplitude tolerance test
WF recommendation:
· The reference point for phase/amplitude tolerant requirement needs to be defined in annex F.1 in TS 38.101-1.
· FFS on the remaining details.
Sub-topic 1-5: Maximum duration for joint channel estimation
Issue 1-5-1: What factors determine the maximum duration
Summary of 1st round discussion:
· Option 1: The maximum time the UE not adjusting its frequency/time.
· Option 1A: at least equal to the minimum configured SSB periodicity.
· Option 2: Phase tolerance within the duration.
· Option 3: Channel BW.
WF recommendation:
· Option 1: The maximum time the UE not adjusting its frequency/time (Option 1 is captured in RAN4 #101e Chairman Notes)
· Option 2: Phase and power tolerance within the duration
Issue 1-5-2: How long is the maximum duration
WF recommendation:
· Depend on the outcome of Issue 1-5-1.
· Note: The number of slots for maximum duration means the consecutive slots. In case of non-scheduled gap and/or other channel transmission, the duration of the non-scheduled gap and/or other channel should be counted.
Issue 1-5-3: Whether the maximum duration is dependent on the modulation order of transmission
WF recommendation:
· No. 
· Note: It has been agreed to only focus on the modulation orders not higher than QPSK.
Issue 1-5-4: Whether the length of maximum duration is band specific
WF recommendation:
The length of maximum duration is:
· Option 1: Band specific
· Option 2: FR specific
Issue 1-5-5: Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
Summary of 1st round discussion:
· Option 1: Yes.
· Option 2: Subject to a single maximum duration.
· Define a single maximum duration for a given set of factor(s), and the set of factor(s) depends on the conclusions for the other issues under discussion.
· The support of the feature may associated with capability per band
· Option 3: Needs further discussion 
· Option 4: UE could report the supported value(s)
WF recommendation:
· Down select among the following options once we have the results of the simulations:
· Option 1: Subject to a single maximum duration value.
· The value is defined for a given set of factors which are depends on the conclusion for the other issues under discussion.
· Option 2: Subject to multiple maximum duration value and UE could report the supported value(s).
Sub-topic 1-6: DL slot(s) in-between repetitions
WF recommendation:
· For the case of “with DL reception (including monitoring and/or measurements)”:
· FFS: Whether this case will be discussed in RAN4 anymore in Rel-17.
· For the case of “without actual DL transmission from gNB to UE and without DL monitoring”: does the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further include scenario 3?
· Scenario 3 is included.

A.3.6  R4-2202418, WF on phase continuity and power consistency for PUCCH and PUSCH transmissions (RAN4 #101e-bis, Jan 2022)
Sub-topic #1: Phase continuity and power consistency tolerance
[bookmark: _Toc79478136]Issue 1-1: Model of phase variation
Candidate options:
•	Phase offset Option 1: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
•	Phase offset Option 2: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)

WF recommendation:
•	Discuss the phase tolerance in Issue 1-2 directly.

Issue 1-2: Phase continuity tolerance
WF recommendation:
· Down select between the following two options: 
· Option 1: Adopt [-30, 30] degrees if Phase offset Option 1 in Issue 1-1 is agreed.
· Option 2: Adopt [-15, 15] degrees if Phase offset Option 2 in Issue 1-1 is agreed.

Issue 1-3: Power consistency tolerance
WF recommendation:
· No dedicated new requirements for power consistency tolerance to be defined, (i.e., the existing aggregate power tolerance applies), if the maximum duration is no more than 21 ms. FFS the power consistency requirements if the maximum duration is more than 21 ms.
· Meanwhile, testing phase and power tolerances together by EVM method is not precluded pending on the discussion in sub-topic #3.

Sub-topic #3: Definition and testing of phase/power requirements
Issue 3-1: Definition of RF requirements
Candidate options:
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly, i.e., separate requirements for phase and power offsets.
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly.
· Option 2: Define UE requirement as EVM value [using JCE process].
· Note: whether to use JCE process in the test is discussed separately in Issue 3-3.

Main Technical issues/questions raised by companies:
· Issues/questions for option 1: 
· One possible TE implementation: directly take the amplitude and phase value from channel estimation for each slot.
· If the requirements are defined by frequency domain, then the above implementation can be agreed
· What is the phase testing accuracy 3GPP can agree for a test given that MU and TT needs a discussion.
· Issues/questions for option 2: 
· EVM could not distinguish the different impact from the phase and amplitude tolerances.

WF recommendation:
· Discuss whether the test should be conducted in time domain or frequency domain:
· Option 1: Time domain.
· Option 2: Frequency domain.

Agreement: the test reference point should be after FFT operation in test equipment.
Agreement: The reference point is between “Channel estimation” and “equalization”, since the amplitude and phase values can be taken directly from the channel estimation.


Ericsson: based on our understanding, are we OK to testing CP-OFDM rather than DFT-s-OFDM? 

Issue 3-2: Reference point for phase/amplitude tolerance test
Candidate options:
· Option 1: Define the reference point for phase/amplitude tolerance requirement in Figure 1 for both options of defining RF requirements in Issue 3-1. 


· Option 2: The reference point would be between “Channel estimation” and “equalization”, since the amplitude and phase values can be taken directly from the channel estimation. 
· Option 3: 
· For testing phase and power offset: Reference point to calculate the phase continuity and power consistency is after IDFT (time domain).
· For testing EVM: Before IDFT for CP-OFDM case. After IDFT for DFT-s-OFDM case.

WF recommendation:
· Down select among the above three Options and consider Issue 3-1 at the same time.

Issue 3-3: DMRS for channel estimation in the test
Candidate options:
· Option 1: Use all DMRS’s from all the bundled slots equally for JCE channel estimation.
· Option 2: The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots.
· Option 3: Channel estimation should be done for each slot. (frequency error will be removed on a per slot basis)

Agreement: 
· The assumption at test equipment:
· The phase error should be measured slot by slot
· FFS: down-select between the following two options
· Phase offset Option 1: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Phase offset Option 2: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
· Only use phase error as test metric, unless the problem is identified
· The common frequency error of UE should be corrected at test equipment per slot basis in the way similar to that done in EVM testing.
· The channel estimation should be done for each slot and JCE is precluded
· The TPC command for UE transmission won’t be adjusted during the testing window
· Pcmax is configured such that UE transmits at the highest power during the test.
· The downlink received power for UE should not be changed.
· There is no uplink transmission gap during testing window.
· There is no additional transmission power requirement specific to coverage enhancement.

Issue 3-4: Impact of CFO in the test
Candidate options:
· For UE side:
· Option 1: In DMRS bundling test for the UE, assume UE does not change the frequency during the bundle.
· Option 2: UE frequency remains within existing frequency error limits. 
· A UE that has a frequency error requirement of+/- 0.1ppm
· For BS/TE side:
· Option 1: Frequency correction in the JCE test is slot by slot basis.
· Option 2: Frequency correction in the JCE test is applied to the whole bundle.

WF recommendation:
· For TE side, agree on Option 1, i.e., Frequency correction in the JCE test is slot by slot basis.

Issue 3-6: Side conditions for UE RF requirement
Candidate options:
· For autonomous timing adjustment, pending on the discussion in Issue 5-1.
· For power adjustment
· Option 1: To not restrict the UE’s freedom to perform existing power adjustments during JCE window.
· Option 2: up to UE implementation, as long as the phase & power consistency can be guaranteed within the JCE bundle.
· Option 3: Up to RAN1 design.
· Option 4: power level associated with the testing

WF recommendation:
· For other uplink transmission and TA command
· UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission.
· No network commanded TA takes effect.
· The requirement is defined assuming P-MPR=0 over the entire duration of the JCE window
· For autonomous timing adjustment, pending on the discussion in Issue 5-1.
· For power adjustment, agree on Option 2 and option 4

Sub-topic #4: Requirements for non-zero gap in-between PUSCH/PUCCH transmissions
Issue 4-1: RF requirements for the non-zero gap in-between PUSCH/PUCCH transmissions
Candidate options:
· Option 1: RAN4 do not introduce new transmit off power, i.e., no requirement applies during the gap.
· Option 2: The existing OFF power level of -50dBm apply for less than 1 ms, and FFS whether to and how to introduce measurement uncertainty.
· Option 2a: For option 2, considering to allow the LO leakage power for best spectrum efficiency 
· Option 3: The power for un-scheduled gap between slots in the same bundle can be either minimum output power (e.g., -40 dBm for small CBW) or then some value in between the OFF power and minimum power.
· Note: Opiton 3 is not to define new OFF requirements and just clarifies that the minimum ON power applies.
· Option 4: No consensue reached in RAN4, LS back to RAN1. 

WF recommendation:
· Agree on Option 1 or option 4.

Sub-topic #5: Other issues
Issue 5-1: For UE autonomous timing adjustment
WF recommendation:
· Follow RAN1 agreements: UE should not perform UE autonomous TA adjustment during the actual time domain window.

[bookmark: _Toc79478146]Issue 5-2: DL slot(s) in-between repetition
WF recommendation:
· Since the “with DL reception” scenario is not supported in RAN1, RAN4 shall not further discuss the scenario of “with DL reception” in-between transmission in Rel-17.
A.3.7  R4-2206593, WF on issues for maintenance of NR coverage enhancements (RAN4 #102e, Feb - Mar 2022)
All discussion on points not already agreed in the GTW are a starting point for further elaboration and discussion at the next meeting.
1) Remaining issue for measurement
Issue 3-1: Frequency correction for phase tolerance test
· RAN4 #101e-bis agreement (in WF R4-2202418)
· The common frequency error of UE should be corrected at test equipment per slot basis in the way similar to that done in EVM testing.
GTW Agreement: The level of correction required shall be estimated in every slot by the TE.
· FFS on proposal 2 in this meeting.
· Proposal 2: Frequency correction in the JCE test is applied to the whole bundle. (E///)
· E///: For example, the frequency error is f1, the reference time slot is first time slot and the measured time slot is the second time slots. The first sample in the first symbol of the 2nd time slot need to be correct with f1* one time slot* 2pi. (E/// CR in R4-2205533)
WF:
How to specify the accumulated phase error correction relative to the reference time slot caused by common frequency error:
Option 1: in the equation in F9.1 
Option 2: generic description in F9.1 
Option 3: TBA

Issue 3-3: DFT-s-OFDM and CP-OFDM waveforms for testing
GTW Agreement: The core requirement will cover both DFT-s-OFDM and CP-OFDM.
· For the test, only choose DFT-s-OFDM for testing.

Issue 3-4: OFDM symbols for deriving the phase value
Tentative agreement in GTW: To derive the requirement for phase value, assume that the DMRS REs within the window will be used.
Summary of round 1 email discussion:
Rohde & Schwarz does not agree with the tentative agreement in GTW, since it is not aligned with the existing TE implementation. In addition, Rohde & Schwarz provide a CR revision on how to derive the phase value based on data and DMRS symbols.
Recommendation for 2nd round discussion
WF:
Option 1: Not specifying how to frequency response is done, in line with current Annex in EVM test in TS 38.101-1 and TS 38.101-2
Option 2: specifying how the frequency response on Tx chain is derived. 
Option 3: TBA

Issue 3-5: Measurement interval
Summary of round 1 email discussion:
In general companies think multiple bundles need to be measured, while the details still need further discussion. 
Recommendation for 2nd round discussion:
WF:
X bundles are to be measured for phase continuity tolerance 
FFS: number of X


Issue 3-5-1: how to calculate phaseOffset over several bundles
Option 1: averaging phaseOffset over X bundles
Option 2: maximum from phaseOffset over X bundles
Option 3: RMS value from phaseOffset over X bundles.
Option 4: TBA


New issue 3-6-1: phase offset measurement
the phase offset between a reference timeslot tref and a measurement timeslot tm is then calculated 
· 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 2:
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:

· Option 3: TBA


New issue 3-6-2: RMS average for phase tolerance (This is related to the new issue 3-6-1)
Option 1: Use RMS value over measurement set (each subcarrier between a reference timeslot tref and the measurement timeslot tm ) for one measurement interval
Option 2: use average over measurement set for one measurement interval
Option 3: use maximum over measurement set for one measurement interval
Option 4: TBA

New issue 3-6-3: Time offset  
Option 1: TX chain equalizer coefficients are calculated once per slot with [image: ] set to [image: ], as described in Annex F.4:
Option 2
-   calculate PhaseOffsetl with  set to ,
-     calculate PhaseOffseth with  set to .
Option 3: TBA
WF
TBA
New Issue 4:
· Test equipment tolerance for accumulated frequency error correction with Phase model Option 1 testing approach, and impact on phase tolerance for 16 slot configuration.


2) Remaining issue for Requirement

New Issue 1: combing DMRS bundling feature with TxD and UL MIMO feature
To further confirm the phase continuity tolerance requirement applicability on the feature of 
1. TxD 
2. UL MIMO

New Issue 2:
FFS on the impact of the composite Tx signal transmitted from antenna array on phase tolerance requirement
A.3.8  RAN4 Chairman notes, Agreements on transmit off power (RAN4 #102e, Feb - Mar 2022)
Output power for the non-zero un-scheduled gap in-between PUSCH/PUCCH transmissions
Agreement: RAN4 do not introduce new transmit off power, i.e., no requirement applies during the gap.
· With understanding that there may be co-channel interference to other user in the duration of non-zero gap (< one slot) in-between PUSCH/PUCCH transmissions.
· FFS whether to capture it in the specifications.

A.3.9  R4-2210548, WF on DMRS bundling (RAN4 #103e, May 2022)
1. DMRS bundling for bands capable of UL-MIMO and TxD
1.1 Issue 1-1: Phase continuity requirement applicability for bands capable of UL-MIMO and TxD
GTW Agreement: If UE indicates supporting one-layer MIMO/TxD and DMRS bundling, those features can be supported together by the UE.

2. DMRS bundling for CA/DC
Issue 1-2-1: Phase continuity requirements for FR1+FR2 CA, FR1+FR2 DC and EN-DC with FR2 NR
GTW Agreement:
· DMRS bundling requirements apply to DL FR1+FR2 CA with one uplink CC transmission either on FR1 or FR2 in per CC manner in Rel-17
· The operation between FR1 and FR2 is typically considered independent in RAN4 RF requirements.
· Important scenario for coverage enhancement.
· DMRS bundling will be configured on one uplink band for FR1+FR2 CA, FR1+FR2 DC and EN-DC with FR2 NR in Rel-17

Tentative agreement in Tuesday GTW
· DMRS bundling requirements for FR1+FR2 CA, FR1+FR2 DC and EN-DC with FR2 NR apply per CC in Rel-17
· The operation between FR1 and FR2 is typically considered independent in RAN4 RF requirements.
· The phase tolerance requirement is applied when No change of power level and P-MPR on both FR1 and FR2 CCs for the UE.
· Capture it in 38.101-3 as additional side condition
· Important scenario for coverage enhancement.
· There is no RAN1 impact in Rel-17
No consensus on whether the above tentative agreement can be agreed.

Issue 1-2-2: Phase continuity requirements for FR1 inter-band CA with one UL CC
GTW Agreement:
· DMRS bundling requirements apply to FR1 DL CA with one uplink CC configured in Rel-17

Proposed further clarification: DMRS bundling requirements apply to FR1 DL CA with one uplink CC configured in Rel-17, meaning no switching to transmit SRS on another carrier.

In the next meeting, proponents are encouraged to bring the CR to implement the above agreement and clarification.

Issue 1-2-3: Phase continuity requirements for FR1 inter-band UL CA
GTW Tentative agreement: 
Define FR1 inter-band UL CA for DMRS bundling, and Ran4 can further restrict as follows:
· Only one band can support DMRS bundling at a time
· [DMRS bundling will be configured on one uplink band]
· No RAN1 impact in Rel-17
· If there is any carrier switching back and forth between two carriers and the switching happens within the bundling duration, then the phase continuity does not need to be maintained on a carrier
· For FR1 inter-band UL CA, UE does not transmit on two carriers simultaneously. [If the simultaneous transmissions of PUSCH, PUCCH, and/or SRS are scheduled, then the phase continuity will be broken.]

Proposed WF:
Decide whether to define FR1 inter-band UL CA for DMRS bundling with the conditions stated in the RAN4 LS to RAN1, pending on RAN1 feedback.

3. DMRS bundling for SUL band
Issue 1-3: Phase continuity requirements for SUL band
GTW Tentative agreement: 
Define SUL requirements for DMRS bundling, and Ran4 can further restrict as follows:
· [DMRS bundling will be configured on one uplink band]
· No RAN1 impact in Rel-17
· If there is any carrier switching back and forth between two carriers and the switching happens within the bundling duration, then the phase continuity does not need to be maintained on a carrier

Proposed WF:
Decide whether to define SUL requirements for DMRS bundling with conditions stated in the RAN4 LS to RAN1, pending on RAN1 feedback.

A.4		List of RAN4 LS to RAN5
A.4.1  R4-2210550, LS to RAN5 on measurement of phase continuity requirements for DMRS bundling (RAN4 #103e, May 2022)
1. Overall Description:
RAN4 has introduced the UE RF requirements for the phase continuity requirement for DMRS bundling in both FR1 and FR2 and has agreed attached CRs for FR1 and FR2. DMRS bundling improves the UL coverage and despite the core requirements apply for DFT-S-OFDM and CP-OFDM RAN4 has concluded that testing should be done only for DFT-S-OFDM.
RAN4 has below questions regarding the testing aspect of this requirement:
Questions on Common Frequency Offset and its handing (within one bundling time):
RAN4 has agreed that there will be no change to the 0.1ppm UE frequency error requirement for the DMRS bundling feature, and have agreed that the Test Equipment would estimate the signal slot-by-slot and perform Frequency Error Correction on a slot-by-slot basis, as is currently done for other transmission signal quality requirements. However, RAN4 is not clear on the level of accuracy of frequency error correction by the TE and have the following questions.

Q1-1: What would be the impact of the residual frequency error after CFO correction by TE on the testability of the phase offset measurement for UE complying with +/- 0.1 ppm frequency error requirement, particularly for the upper range of FR2-1 and lowest allowed SCS?

Q1-2: Can Frequency error be corrected in such way that it has minimal or no impact on measurement uncertainty for phase discontinuity requirements? If answer is yes, in which options below could achieve this:
1. CFO correction in each slot should be applied taking into account a slot starting from a reference time slot (e.g slot 0 or any slot p-1) to measured time slot (slot p) to enable a continuous correction to avoid any potential phase step introduced by CFO correction.
1. CFO in each slot is corrected with its individual frequency error

Q1-3: Does RAN5 see any other testing issue apart from issues raised by RAN4 above?

RAN1 specification has defined some the phase consistency violating “events” defined in TS 38.214 and these events may happen outside the bundling time window but not within the bundling window. Therefore, sufficient time between any repeated bundles should be allowed for UE to perform such “event”. 
Questions on improving test accuracy by repeated testing
Q2-1: The requirement of phase continuity requirement is applied within one DMRS bundling configuration, would the measurement uncertainty be improved as the result of repeating the test over several bundles and if so, what would be the recommended number of bundles and should it be dependent on the subcarrier spacing?
Q2-2: In case multiple bundles will be tested, what is Ran5 view on how the test results in terms of phase offset from individual bundles be used to improve the test reliability and reduce measurement uncertainty (e.g., maximum over all bundles or RMS average over all bundles or others method)?

RAN4 kindly asks RAN5 to provide answers on the above questions.
2. Actions:
To RAN WG5 group.
ACTION: 	RAN4 kindly ask RAN5 to provide answers to RAN4.
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WF1: Non-zero un-scheduled gap

¢ Issue 1-1-1: Non-zero un-scheduled gap

« Proposals
» Option 1: Feasible
» Option 2: Deprioritize non-zero gap scenario

¢ Issue 1-1-1A: Length of un-scheduled gap

« Proposals
» Option 1: Less than 14 OFDM symbols
» Option 2: Up to 14 OFDM symbols

* Agreement:

* RAN4 confirms the phase can be maintained when there is non-zero un-scheduled gap in-between the PUSCH or
PUCCH repetition

« Further study on following issues:
*  Whether off power requirement can be met on the un-scheduled symbols

« The length of non-zero un-scheduled gap
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WF2: Non-zero gap with other signals/channels

+ Issue 1-1-2: Non-zero gap with other signals/channels for the UE

« Proposals
» Option 1: Not consider these scenarios
» Option 2: A guard period before returning to the repetitions should be defined, and the length including the guard period of the
other channel in between two repetitions is less than 14 symbols.

« Agreement:

* RAN4 confirms the phase can be maintained when there is non-zero gap with other signals/channels in-between
the PUSCH or PUCCH repetition if the other signals/channels scheduled during the gap have the same
transmission setting with the repetitions, i.e. the same antenna port, RB allocation, transmission power

« Further study on following issue:

«  Whether phase continuity can be maintained if the other signals/channels power in-between the repetitions
can be different with the power of repetition or if PRB content of the channels/signals in between can be
different
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WF3: CA and DC scenarios

+ Issue 1-1-3: PUCCH/PUSCH repetition under CA and DC scenarios

« Proposals

» Option 1: RAN4 to further check the use case and the necessity to consider phase continuity and power consistency for UL
repetition under CA and DC scenarios.

* Agreement:

« Keep the RAN4 agreements in the reply LS approved in the last meeting, and leave the decision on the applicable
use cases to RANT.
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WF4: Phase drift mitigation methods like PT-RS insertion

* Issue 1-1-4: Phase drift mitigation methods like PT-RS insertion for FR1 and FR2

« Proposals
» Study the phase continuity for non-contiguous and contiguous transmissions and implementation phase drift issues in the
context of mitigations methods like PT-RS insertion for FR1 and FR2.

* Agreement:
* leave the decision on the PTRS insertion to RAN1.
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WFS5: DL slot(s) in-between repetition

* Issue 1-1-5: DL slot(s) in-between repetition

« Proposals
» Use different antennas/panels for UL and DL traffic during the JCE window

* Agreement:
* RAN4 further study on the feasibility of phase continuity when there is DL slot(s) in-between repetitions
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WF6: phase continuity tolerance

* Issue 1-2-1: Amount of phase change from UE implementation aspect

« Proposals

» The amount of phase change allowed for the UE when phase between two repetitions is considered to be contiguous shall be
less than 160 degrees.

* Issue 1-2-1: Quantification of the acceptable/required tolerance

« Proposals

» To estimate the required tolerance of the phase continuity and amplitude consistency from link performance perspective

* Agreement:

* RAN4 to evaluate the required tolerance of the phase continuity and amplitude consistency from link performance
simulation:

* RAN4 to provide simulation assumption in the next meeting

« Initial simulation result is also encouraged to be provided in the next meeting
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WF1: Non-zero un-scheduled gap in-between repetitions

« To maintain phase continuity and power consistency across the PUSCH transmissions or PUCCH repetitions, the value of
un-scheduled symbols in-between the repetitions up to 130S is feasible (with some TBD phase tolerance):

*  Whether maximum X can be 140S or 1ms for different SCS FFS
« Further study if new RF requirements for UE during the gap are needed
« For transmit power on the gap symbols that less than or equal to Ims, RAN4 down select solution from following options:

« Option 1: define new transmit off power for gap symbols less than or equal to Ims explicitly for Rel-17 coverage
enhancement case

« Option 2: RAN4 do not introduce new transmit off power

« Option 3: The existing OFF power requirement apply to the un-scheduled gap
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WF2: Non-zero un-scheduled gap with other uplink transmissions

o 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

Whether it is beneficial to define a Guard period for scenario 1:

o 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.

o Option 2: FFS. It is not clear why guard period can help make the phase aligned with before transmission.

e 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.

Option 2: Phase continuity and power consistency cannot be guaranteed.
Option 3: Further investigation is needed

o If the phase discontinuity for non-zero gap with other uplink transmission is within such tolerance value, this
case can be supported.
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WF3: TA adjustment impact on phase continuity

For RAN1 Question 1 on TPMI change and Question 2 on TA impact: there are transmission timing errors associated with
TA adjustment and UE uplink timing autonomous adjustments. Transmission timing errors cause the phase change.

— For network commanded TA adjustments:

o It is known by both gNB side and UE side.

o FFS how to handle the transmission timing error in TA inaccuracy.
— For UE autonomous adjustments:

o FFS whether the autonomous adjustments can be handled by UE or BS and how to handle.
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WF4: Simulation assumption for the tolerance of phase continuity and amplitude consistency(1)

* Both reference and compared cases shall inciude:
*  RF impairment modelling:
+ CFO:0.1ppm, with one of the following cases
* Casel: the same frequency error cross repetifion transmission
* Casel: the different frequency error across repetifion transmission
* Reference case shall include
+ Noexplicitly modelled Phase offset
+ NoAmpliude impairments - should consider relafive power folerance from existing specs
* Compared case shall inciude
« Explicit Phase offset
* Opion 1: Gaussian, std deviation (10° ,20° ,30° ,40° ,50° )
+ Option 2: uniform distribution

[0 ,0° 1,~ [-90° ,90° ]for BPSK
[-0° ,0° 1,~, [-40° ,40° ] for QPSK
[-0° ,0° 1, [110° ,10° ] for 160AM
+ Option 3: fixed values (10° ,20° ,30° , 40° ,50° 60° )

* Other option not preciuded
* Whether Phase noise, FFS
« Explicit Amplitude offsct

+ Option I: fixed values : 0:0.52dB

* Option 2: +0.7dB as the relative power tolerance from existing specs

* Other options not precluded
+ RANA to decide on the mefric of the simulation, following option can be considered:
+ Option I relative SNR gain due to JCE with phase discontinuity tolerance and amplitude inconsistency tolerance

*+ Option 2: TP gain due to JCE with phase discontinuity tolerance and amplitude inconsistency tolerance
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WF4: Simulation assumption for the tolerance of phase continuity and amplitude consistency(2)

* Following assumption for PUSCH is initially aligned, encourage to down select if more than 1 configuration in one item

TDD FR1: 4GHz and 3042,
Frequency and SCS. TDD FR2: 28GH: and 120Kz,
FDD: J00MHz and 15kHz

Bandwidth 100MEHz (TDD)» 20MHz(FDD)

IEE ] 5, e 53

CP-OFDM and/or DFT-s-OFDM|

FRI: TDL-C (NLoS), 30 nsor 300 ns delay spread, medium comelation
Channel model for fink level simulation

FR2: TDL-A (NLoS), 30 ns delay spread, medium correlation

UE velocity 7| 5. or [30] kh. or 120kmh for FDD

Frequency hopping ‘With or without frequency hopping.
HARQ No HARQ
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WF4: Simulation assumption for the tolerance of phase continuity and amplitude consistency(2)

* Assumptions for PUSCH repetition need further alignment

Frame structure for TOD
MCS i

Number of antenna slements for

na configaration

Repetitions for joint channel

DDDSUDDSUU (§: 10D262U) for 4GHz
Mes 47MCS 2
Rx
1Tx

oo DooDDDDSLY 5. sty OB L st oo L
T T T
v B
Hirow D e
e s L e
Seiin i s

estimation(arailable S or U)

PUSCH mapping fype

DMRS configuration

Type AQNommal cyclic prefix, S=0.L=14)

‘Type B (Repetitions for joint channel
estimation TDD: 123, FDD: 124,35
Nomal cyclic prefix, S=01=7)
Typel

single-symbol DMRS

=2

dnrs-AdditionalPositior=pos0

2 DMRS symbols per slot

TDD: 2 for PUSCH and PUCCH

DMRS type | with single-symbol front-
loaded, no additional DMRS

2 repetitions with ICE

Type 2 DMRS symbol (one front-
loaded and one additional), no
multplesing data




image14.jpeg
WF4: Simulation assumption for the tolerance of phase continuity and amplitude consistency(3)
* Assumptions for PUCCH repetition need further alignment
v ) T T

PUCCH format Fomat 3: 11 bits UCI fomat 1 PUCCH format 3 with 11 bit payload
DTX to ACK probabilty: 1% NACK
to ACK probability: 0.1%.
ACK missed detection probabilty: 1%.

No additional DMRS (3,10) 4 DMRS symbols perslot

30kHz (TDD), 15kHz (FDD) 30kHz (IDD), 15kHz (FDD)» 120kHz FR2

TDD: 23
St e Up to repetitions (ie. § total transmissions)

ZUCCHIAACE 1408 14 OFDM symbols 14 symbot PUCCH format 3 with 1 PRE
Number of PRBs W 1PRB
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WEFS5: DL slot(s) in-between repetition

RAN4 further study on the feasibility of phase continuity when there is DL slot(s) in-between repetitions
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WF1: phase continuity for PUCCH and PUSCH repetition

* RAN4 further study on following issues for phase continuity across repetition:
* phase continuity when there is X un-scheduled UL OFDM symbols in-between the
PUSCH and PUCCH repetition, it is encouraged to study on following aspects:
» Whether phase continuity can be maintained if off power is not required on the un-scheduled symbols
» Other possible conditions
» Value of X in relation to the phase continuity tolerance

* Amount of Phase continuity tolerance across repetition when all phase continuity
conditions agreed by RAN4 is met, following aspects can be considered:

» Phase drifting from UE implementation aspect: e.g. frequency error
- ¥ t t I Y €

» Other aspects are not precluded




