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1	Introduction 
During the RAN4 #101-bis meeting, the following agreement was reached on the maximum duration for DMRS bundling [1]:

	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.


 
Additionally, the following was agreed regarding the requirement on phase continuity during joint coherent estimation [2]:

	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.



Previously, RAN4 had agreed the following related to PUCCH and PUSCH repetitions [3]:

	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)



This contribution provides our views on the remaining open issues in the coverage enhancement work item.
2	Discussion 
Considering the LS to RAN1 on the possible values of JCE maximum duration, we recommend RAN4 to finalize the list of feasible slots, so that RAN1 can conclude their work on the associated UE capability.

[bookmark: _Toc95734182][bookmark: _Toc95735170][bookmark: _Toc95739454]Proposal 1:	RAN4 should confirm to RAN1 that the length of maximum duration for JCE is a UE capability, with the possible values being {5, 8, 16, 32} slots.


Referring to the WF from the last meeting [2], one of the open issues is the following:

	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. 



In our understanding, the non-zero gap scenario can be described as follows:
-	It can be assumed that DL is not scheduled during this gap (based on the LS in [1])
-	It is not clear whether it can be assumed that no other UL channel is scheduled to be transmitted during this gap
-	Possibility 1: It can be assumed that no other UL channel is scheduled to be transmitted during the gap
-	Possibility 2: It cannot be assumed no other UL channel is scheduled to be transmitted during the gap

If we proceed based on Possiblity 1, then this gap becomes a "no TX gap."  However, this seems to contradict previous RAN4 agreements on same RB allocation, constant output power, and same modulation order over the duration of the JCE duration, since these parameters do, in fact, change, during the gap.  If we consider Possibility 2, then at least from the RF perspective, these same previous RAN4 agreements could only be maintained if the other UL channel (e.g. SRS) shares all of the same characterstics as the PUSCH/PUCCH configured for JCE.  We are not certain whether it is possible to guarantee such a configuraiton in all scenarios.  Thus, in our understanding, the simplest way forward is to preclude network behavior which could configure the UE with such a gap.

[bookmark: _Toc95376841][bookmark: _Toc95376849][bookmark: _Toc95730641][bookmark: _Toc95734181][bookmark: _Toc95735167][bookmark: _Toc95739451]Observation 1:	If it can be assumed that no other UL channel is scheduled to be transmitted during the gap, then previous agreements on constant RB allocation, constant output power, and same modulation order over the JCE duration seem to be violated. The simplest way forward seems to preclude network behavior which could configure the UE with such a gap.

Considering that mandating network behavior is a difficult undertaking in the 3GPP specification, it is also possible to discourage such network behavior by not defining UE requirements corresponding to certain scenarios.

[bookmark: _Toc95376843][bookmark: _Toc95376850][bookmark: _Toc95730642][bookmark: _Toc95734183][bookmark: _Toc95735171][bookmark: _Toc95739455]Proposal 2:	RAN4 shall not introduce new transmit off power for the non-zero gap in-between PUSCH/PUCCH transmissions, and no requirement applies during the gap

When considering the longer JCE durations, such as 16 and 32 slots, the agreements made last meeting in [2] should be considered also in the context of the proposed values for phase error.  Although RAN4 did not agree any values, we do have the following candidates from the Moderator's summary of the email discussion [4]:

	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.



Concerns with both options can be envisioned.  With Option 1, the UE requirement on phase continuity during JCE is defined as the cumulative phase difference between slot 0 and slot N (where N could be up to 32 slots).  It is unclear whether this requirement in any way ensures that the base station would use all of the DMRS available in the N slots for demodulation of the UL signal.  As was discussed during the RAN4 #101 meeting, there are many possible BS algorithms to realize the demodulation of the JCE signal, and it is not clear whether RAN4 has converged on this topic.  At least when glancing at the PUSCH/PUCCH demodulation simulation assumptions in [5] and [6], it is not clear whether BS demodulation experts have captured this aspect.  Thus, the concern from the UE perspective is that the Option 1 requirement might enable a suboptimal BS implementation, where the DMRS from slot0 is used to demodulate all N of the JCE slots.  In our understanding, this should be clearly precluded in the 3GPP specification.

[bookmark: _Toc95735168][bookmark: _Toc95739452]Observation 2:	In the context of the Option 1 definition of phase continuity tolerance, 3GPP specifications should clearly preclude the suboptimal BS implementation, where DMRS from slot0 is used to demodulate all N of the JCE slots.

With Option 2, a differential requirement on phase continuity can be defined based on the slot-to-slot impact on phase.  However, with a large number of slots in the JCE window, this differential requirement can accumulate to an unacceptable total phase offset from slot 0 to the Nth slot.

[bookmark: _Toc95735169][bookmark: _Toc95739453]Observation 3:	In the context of long JCE durations (e.g. 16 and 32 slots), Option 2 might not adequately ensure phase continuity over the entire duration.


[bookmark: _Toc95735172][bookmark: _Toc95739456]Proposal 3:	RAN4 should discuss the impact of Option 1 and 2 together with the tolerance values and JCE duration as a package, and differentiation of the requirement as a function of UE capability on JCE duration should be possible.

It is also valuable to summarize all of the various side conditions that have been discussed in relation to DMRS bundling.  In our understanding, the list is as follows:
-	The UE can assume the following during the JCE window:
-	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
-	The common frequency error of UE is corrected per slot
-	Pcmax is configured, such that UE transmits at the highest power, and no TPC commands with power adjustments are expected
-	There is no uplink transmission gap
-	The BS will use all DMRS available in the JCE window to demodulate the UL channel

[bookmark: _Toc95739457]Proposal 4:	RAN4 should discuss how to capture the above side conditions in the definitions of the applicable requirements.

3	Conclusions
This contribution provides our views on the remaining open issues in the coverage enhancement work item and makes the following observation and proposals:

Observation 1:	If it can be assumed that no other UL channel is scheduled to be transmitted during the gap, then previous agreements on constant RB allocation, constant output power, and same modulation order over the JCE duration seem to be violated. The simplest way forward seems to preclude network behavior which could configure the UE with such a gap.
Observation 2:	In the context of the Option 1 definition of phase continuity tolerance, 3GPP specifications should clearly preclude the suboptimal BS implementation, where DMRS from slot0 is used to demodulate all N of the JCE slots.
Observation 3:	In the context of long JCE durations (e.g. 16 and 32 slots), Option 2 might not adequately ensure phase continuity over the entire duration.


Proposal 1:	RAN4 should confirm to RAN1 that the length of maximum duration for JCE is a UE capability, with the possible values being {5, 8, 16, 32} slots.
Proposal 2:	RAN4 shall not introduce new transmit off power for the non-zero gap in-between PUSCH/PUCCH transmissions, and no requirement applies during the gap
Proposal 3:	RAN4 should discuss the impact of Option 1 and 2 together with the tolerance values and JCE duration as a package, and differentiation of the requirement as a function of UE capability on JCE duration should be possible.
Proposal 4:	RAN4 should discuss how to capture the above side conditions in the definitions of the applicable requirements.
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