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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we discuss the DMRS bundling related issues related with LS [1] from RAN4. 
2. [bookmark: OLE_LINK6]Discussion
In [1], RAN4 provided Reply LS addressing questions from RAN1 on conditions for DMRS bundling for PUCCH and PUSCH repetitions.
	· 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


In the reply for question 1, RAN4 provided some conditions under which UE can keep phase continuity across PUCCH or PUSCH repetitions. Apart from the conditions above, there are some other conditions to be met for DMRS bundling. 
For codebook based UL transmission, UE does not change TPMI precoder for the repetitions of a same TB. Whereas, the TPMI precoder for adjacent PUSCHs of different TBs may be different. Similarly, for non-codebook based UL transmission, the precoder used for each repetition is same as indicated by SRI(s), however the SRI(s) indicated in DCI may be different for adjacent PUSCHs of different TBs which also impacts the feasibility of DMRS bundling between multiple PUSCH transmissions. It is proposed to further check with RAN4 on above understanding. 
[bookmark: PP1]Proposal 1: To confirm with RAN4 the understanding that, it is not feasible to perform DMRS bundling at gNB if the TPMI precoder changes between PUSCH transmissions.

	· 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


In the reply for question 2, RAN4 indicated that no downlink reception in-between the PUSCH/PUCCH repetitions in the same band for TDD to keep phase continuity across repetitions. However, whether UE can transmit other UL transmission in the non-zero gap is not mentioned. For example, SRS can be transmitted in between the PUCCH/PUSCH repetitions, and PUCCH can be transmitted in-between the PUSCH repetitions, or vice versa. Even if the same power level can be achieved based on NW configuration, there are also some issues which may impact the feasibility of DMRS bundling. In [2], different UL channels/signals may have different MPR requirement for different waveform, as shown in following table.
Table 1: Maximum power reduction (MPR) for power class 3
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	Note 1: The allowed MPR for SRS, PUCCH formats 0, 1, 3 and 4, and PRACH shall be as specified for QPSK modulated DFT-s-OFDM of equivalent RB allocation.
Note 2: The allowed MPR for PUCCH format 2 shall be as specified for QPSK modulated CP-OFDM of equivalent RB allocation.


The same power level may not be guaranteed due to different MPR for signals/channels with different waveforms, the feasibility of DMRS bundling of the following cases are also doubtful:
· if PUSCH with CP-OFDM waveform is transmitted in between PUCCH repetitions with PF 1/3/4.
· if PF1/3/4, PRACH or SRS is transmitted in between PUSCH repetitions with CP-OFDM waveforms
Besides, SRS/PRACH in between the PUSCH/PUCCH repetitions may have different transmission bandwidth, it is not clear whether power consistency and phase continuity can be ensured in these cases.
[bookmark: PP2]Proposal 2: To confirm with RAN4 that, whether other UL transmissions, e.g. SRS or UL transmissions with different waveform, in between the PUCCH/PUSCH repetitions have impact on DMRS bundling, and whether any additional conditions are required.

	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)


For the RAN4 questions on scenarios to focus, following agreements have already been made on scenarios for DMRS bundling in last RAN1 meeting, which can be informed to RAN4 in the reply LS.
Agreements:
· Following potential use cases are considered for joint channel estimation for PUSCH:
· 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 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· [bookmark: OB2]Use case 5: PUSCH transmissions across non-consecutive slots.
[bookmark: OLE_LINK16][bookmark: PP3]Proposal 3: Inform RAN4 on above 5 use cases which are considered in RAN1, and ask RAN4 whether joint channel estimation in these scenarios are feasible.
According to [TS 38.101], power control tolerance requirement is defined in current RAN4 specification, and UE Tx power change is limited within certain range. 
	[bookmark: _Toc13117434]6.3.4.4	Aggregate power tolerance [in TS38.101]
The aggregate power control tolerance is the ability of the UE transmitter to maintain its power in a sub-frame (1 ms) during non-contiguous transmissions within 21 ms in response to 0 dB commands with respect to the first UE transmission and all other power control parameters as specified in TS 38.213 [8] kept constant.
The minimum requirement specified in Table 6.3.4.4-1 apply in the power range bounded by the minimum output power as specified in subclause 6.3.1 and the maximum output power as specified in subclause 6.2.2.
Table 6.3.4.4-1: Aggregate power tolerance
	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	± 2.5 dB

	0 dB
	PUSCH
	± 3.5 dB





For example, the aggregate power control tolerance is defined, and the UE Tx power is allowed to be changed if the deviation does not exceed the upper bound in a certain duration. However, it is not clear on the impacts of joint DMRS bundling if UE still follows the same power control tolerance. Hence, further ask RAN4 that whether performance gain of DMRS bundling can be achieved under current power tolerance requirements, and whether new UE capability is required if new RAN4 requirements are introduced to support DMRS bundling.
[bookmark: PP4]Proposal 4: Further ask RAN4 that whether performance gain of DMRS bundling can be achieved under current power control tolerance requirements, and whether new UE capability is required if new RAN4 requirements are introduced to support DMRS bundling.

3. Conclusion
In this contribution, we discussed on RAN4 reply LS on PUCCH and PUSCH repetitions, and we have the following observations and proposals.
Proposal 1: To confirm with RAN4 the understanding that, it is not feasible to perform DMRS bundling at gNB if the TPMI precoder changes between PUSCH transmissions.
[bookmark: _GoBack]Proposal 2: To confirm with RAN4 that, whether other UL transmissions, e.g. SRS or UL transmissions with different waveform, in between the PUCCH/PUSCH repetitions have impact on DMRS bundling, and whether any additional conditions are required.
Proposal 3: Inform RAN4 on above 5 use cases which are considered in RAN1, and ask RAN4 whether joint channel estimation in these scenarios are feasible.
Proposal 4: Further ask RAN4 that whether performance gain of DMRS bundling can be achieved under current power control tolerance requirements, and whether new UE capability is required if new RAN4 requirements are introduced to support DMRS bundling.
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