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1	Introduction
The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· “Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary, by RAN4 [RAN1, RAN4]
· Potential optimization of DM-RS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]”
In RAN4#98-e meeting, RAN4 received an LS from RAN1 concerning the phase continuity and power consistency conditions for PUSCH and PUCCH repetitions to enable joint channel estimation. RAN4 has replied the first reply LS in RAN4#98-e meeting [2] followed by a second reply LS with further updates in RAN4#98-bis-e meeting [3]. Open issues will be discussed in this contribution.
2	Discussion
2.1 	Remaining issues on RAN4 answer LS
The following was captured in the reply LS from RAN4 to RAN1 in April 2021 [3]:
	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


Discussion on OFF power requirement and maximum unscheduled gap continued in RAN4 #99-e and conclusions were summarized in another reply LS from RAN4 to RAN1 [6]:
	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.




From the above reply LSs, there is still an open issue that needs to be further discussed, i.e., “RAN4 is still discussing the feasibility of 14 symbols or 1 ms for different SCSs for the un-scheduled gap.”. 
The existing OFF power requirement is specified in [4] and captured below for reference.
	[bookmark: _Toc21344288][bookmark: _Toc29801774][bookmark: _Toc29802198][bookmark: _Toc29802823][bookmark: _Toc36107565][bookmark: _Toc37251331][bookmark: _Toc45888162][bookmark: _Toc45888761]6.3.2	Transmit OFF power
Transmit OFF power is defined as the mean power in the channel bandwidth when the transmitter is OFF. The transmitter is considered OFF when the UE is not allowed to transmit on any of its ports.
The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1 ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.2-1.
Table 6.3.2-1: Transmit OFF power
	Channel bandwidth
(MHz)
	Transmit OFF power
(dBm)
	Measurement bandwidth
(MHz)

	5
	-50
	4.515

	10
	-50
	9.375

	15
	-50
	14.235

	20
	-50
	19.095

	25
	-50
	23.955

	30
	-50
	28.815

	40
	-50
	38.895

	50
	-50
	48.615

	60
	-50
	58.35

	70
	-50
	68.07

	80
	-50
	78.15

	90
	-50
	88.23

	100
	-50
	98.31






In our view, the existing OFF power requirement should not be impacted. Any shorter duration of the existing OFF power requirement does not help in keeping the power consistency and phase continuity to enable joint CE across PUSCH/PUCCH repetitions. Indeed, the shorter the duration of the OFF power requirement, the shorter the gap of un-scheduled symbols between adjacent PUSCH/PUCCH repetitions for which power consistency and phase continuity can be kept for joint CE. In other words, with a shorter gap of un-scheduled symbols between adjacent PUSCH/PUCCH repetitions, the joint CE of non-back-to-back PUSCH/PUCCH repetitions can only be applied across neighbouring repetitions, hence limiting the applicability and relevance of the joint channel estimation feature. Therefore, RAN4 should avoid extra specification efforts that do not yield the complete benefit on the new feature.
Proposal 1. For power consistency and phase continuity for PUSCH and PUCCH repetitions, OFF power requirements for shorter duration than 1 msec should not be considered.
Second, concerning the non-zero un-scheduled gap between adjacent PUSCH/PUCCH repetitions, RAN4 currently confirms the gap of less than 14 symbols as a baseline to ensure that the existing OFF power requirements within 1ms is not impacted. Indeed, with the unscheduled gap less than 14 symbols, the gap is always less than 1ms even if 15kHz SCS is used. Hence, the UE is not required to meet the existing OFF power requirements since the unscheduled gap is not long enough for the measurement. However, the maximum value of X un-scheduled symbols gap between adjacent PUSCH/PUCCH repetitions is still open for further discussion. It is our understanding that the constraint on the gap of less than 1ms is more important than the number of OFDM symbols, since the latter should also depend on the subcarrier spacing. If the unscheduled gap is less than 1ms, the UE is not required to meet the existing OFF power requirement. Therefore, the maximum number of symbols for the unscheduled gap should vary for different subcarrier spacings, as summarized in Table 1.
[bookmark: _Ref70980291]Table 1. The maximum gap for different SCSs.
	SCS (kHz)
	X symbols (where the unscheduled gap is less than X)

	15
	14

	30
	28

	60
	56

	120
	112


From the above discussion, we propose the following.
Proposal 2. For power consistency and phase continuity for PUSCH and PUCCH repetitions, maximum value of X un-scheduled symbols between adjacent PUSCH/PUCCH repetitions should be defined per subcarrier spacing and equal to 1ms.  The non-zero un-scheduled gap of less than 14, 28, 56, and 112 symbols for SCS of 15, 30, 60, and 120 kHz, respectively, should be considered.
2.2 	RAN4 answer to the third LS from RAN1
In RAN1#105-e, RAN1 had agreed on a reply LS to RAN4 with the following additional questions [7]:
	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


Aligned with the latest RAN4 LS, the maximum duration during which a UE is able to maintain power consistency and phase continuity under certain tolerance level impacts the UE energy efficiency. Indeed, to avoid disruption in phase continuity and power consistency, a UE would need to maintain at least the transmit RF chain active throughout the time window for joint channel estimation. This may cause additional power consumption at the UE. On the other hand, it is worth observing this is the case for most L1 enhancements, which are eventually retained and supported due to the performance increase they bring. Stated differently, the larger energy consumption brought by such enhancements is deemed as adequately compensated/justified by the observed UL performance increase, i.e., their energy efficiency is higher (one joule of energy can yield better performance). It is also evident that, for this specific enhancement, this larger power consumption would occur only for few transmissions performed by the UE, e.g., PUSCH/PUCCH repetitions. For this reason, we believe RAN4 should not focus only on the energy consumption to maintain at least the transmit RF chain active throughout the time window for joint channel estimation, but rather on the overall energy efficiency of this operation.
Observation 1. The likely larger energy consumption to maintain at least the transmit RF chain active throughout the time window for joint channel estimation is expected to be compensated adequately by the benefits in UL link performance given by joint channel estimation are, in turn yielding higher energy efficiency overall.
Proposal 3. RAN4 should not focus only on the energy consumption to maintain at least the transmit RF chain active throughout the time window for joint channel estimation, but rather on the overall energy efficiency of this operation.
Switching the focus on the maximum duration as such, we do not envision any difference in the maximum duration for both PUSCH and PUCCH, as long as proper constraints on UL transmissions (e.g. same MCS, same number of PRB, same TPMI, no frequency hopping, etc.) are met. We also think that the maximum duration should not depend on UL waveform (DFT-s-OFDM vs. OFDM) or be band specific.
Proposal 4. The maximum duration should be the same for both PUSCH and PUCCH and the maximum duration should not depend on UL waveform or be band specific
The last point from RAN1 LS asks whether the maximum duration depends on UE capabilities and needs to be reported. In our view, reporting of the maximum duration as UE capability could indeed help gNB for scheduling decisions. However, if no UE reports such capability, or if the reported capability indicates an excessively short maximum duration, the joint channel estimation feature could not be applied for coverage enhancements, in turn leading to a very undesirable outcome. This is even more relevant is we consider that joint channel estimation is the only enhancement providing actual SNR gains for the PUCCH UL channel. For this reason, a RAN4 requirement on a minimum maximum duration could help ensuring that a minimum maximum duration is at least supported by all UEs, hence enabling a minimum degree of enhanced reliability in coverage shortage NR scenarios.
Proposal 5. Applicability of the joint channel estimation feature depends on UE capabilities subject to a minimum maximum duration RAN4 requirement.
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In this contribution, we proposed the following for phase continuity and power consistency for PUSCH and PUCCH repetitions:
Proposal 1. For power consistency and phase continuity for PUSCH and PUCCH repetitions, OFF power requirements for shorter duration than 1 msec should not be considered.
Proposal 2. For power consistency and phase continuity for PUSCH and PUCCH repetitions, maximum value of X un-scheduled symbols between adjacent PUSCH/PUCCH repetitions should be defined per subcarrier spacing and equal to 1ms.  The non-zero un-scheduled gap of less than 14, 28, 56, and 112 symbols for SCS of 15, 30, 60, and 120 kHz, respectively, should be considered.
Proposal 3. RAN4 should not focus only on the energy consumption to maintain at least the transmit RF chain active throughout the time window for joint channel estimation, but rather on the overall energy efficiency of this operation.
Proposal 4. The maximum duration should be the same for both PUSCH and PUCCH and the maximum duration should not depend on UL waveform or be band specific
Proposal 5. Applicability of the joint channel estimation feature depends on UE capabilities subject to a minimum maximum duration RAN4 requirement.
In addition, the following is observed:
Observation 1. The likely larger energy consumption to maintain at least the transmit RF chain active throughout the time window for joint channel estimation is expected to be compensated adequately by the benefits in UL link performance given by joint channel estimation are, in turn yielding higher energy efficiency overall.
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