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1 Introduction
In the last RAN1 meeting (R1-105-e), the implementation of Joint channel estimation for multi-slot PUSCH (JCE) was debated and the few agreements were made [1]. In this paper, we provide our views on the open issues to enable the joint channel estimation.
2 Discussion
2.1  Non-back-to-back PUSCH transmissions across non-consecutive slots
The PA will be turned into OFF mode if there is a long gap, i.e., one or multiples slots, between the consecutive PUSCH transmissions. In such a case if PA is switched back from inactive mode to active mode for PUSCH transmission, then the phase continuity cannot be guaranteed. The phase discontinuities across the non-consecutive symbols/slots for PUSCH transmissions will significantly change the channel coefficients across slots thereby impacting joint channel estimation at gNB. Additionally, the long gap also implies no DMRS available during the gap for joint channel estimation. It makes no sense for UE to keep power consistency and phase continuity in such case since it is anyway impossible or challenge for gNB to perform joint channel estimation with absence of DMRS between transmissions.
Considering the impact of PA OFF requirement, absence of DMRS during the gap and UE power consumption, the non-back-to-back transmission with the long gap are not considered.
Proposal 1: No support of the non-back-to-back PUSCH transmissions across non-consecutive slots.
2.2  Non-back-to-back PUSCH transmissions across consecutive slots
For Non-back-to-back PUSCH transmissions across consecutive slots, there are the following working assumptions agreed in the last meeting: 
	Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.




For Non-back-to-back PUSCH transmission across consecutive slots, the number of gap symbols could be from 1 to 13 symbols. For the short gap symbols (e.g., 1 or 2 symbols), it may be possible for UE to keep power consistency and phase continuity with less impact on the spec and UE power consumption. However, there are still some impact/uncertainty on UE implementation and spec change so that it should be up to UE capability. For the cases of more than 2 gap symbols, there is still the similar problem as PUSCH transmission across the non-consecutive slots, i.e., the impact of PA OFF requirement, absence of DMRS during the gap and UE power consumption. So the gap with more than 2 symbols should not be considered.
For joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot, it should not be supported since it either restricts the PUSCH transmissions or other uplink transmissions considering the RB locations, TPMI, etc. And it can be avoided by BS implementation. 
Proposal 2: Support of non-back-to-back PUSCH transmissions with short gap symbols (e.g., 1 or 2 symbols) can be up to UE implementation.
Proposal 3: No need to support non-back-to-back PUSCH transmissions with long gap symbols (e.g., >2 symbols).
2.3  Aspects to impact maximum time duration for JCE
We have conducted the study on impact of the Phase offsets introduced by PA on JCE and the other aspects like mobility and the maximum duration of JCE. The simulation results and more details are presented in the following sections. 
[bookmark: _GoBack]2.3.1 Phase noise impact 
In addition to CFO which is mainly the result of oscillator instabilities, we introduce phase offsets introduced by PA. When we change PA modes of operation, it is implied that the phase continuity cannot be guaranteed. Perfect CFO compensation is assumed at the gNB receiver without the loss of generality. As we compensate the CFO, the impacts of phase offsets resulted due to PA operating mode changes has to be analyzed. To study the impacts of phase offsets introduced by PA, we try to model them using uniform distribution U[-X, X] degrees. On each slot, independent realization of U[-X, X] degrees of phase offset is introduced on the transmitting signal. In the simulations, we adopt PUSCH type A like repetitions on the slots over which JCE is enabled. Fig 1 shows the simulation results of JCE enabled across 4 slots with QPSK modulation and other simulation assumptions as in Table-1. From the results, we observe that if the Phase offset is beyond X = 30degrees, then BLER curve start degrading. Thus to enable JCE on QPSK modulated PUSCH slots, UE has to maintain the phase offsets within the range of [-30, 30] degrees. Such demanding phase continuity requirements are maintained by UE at the cost of power consumption. 
Observation 1: To maintain phase continuity, the phase offsets for QPSK signals should be beyond the order of U[-30, 30] degrees. Hard requirements on PA results on the power consumption and/or cost of the device.
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Fig 1: BLER vs SNR with Joint channel estimation

Table 1: Simulation assumptions
	Simulation parameter
	Value

	Antenna configuration
	1TX*2RX

	Channel model
	TDL-C (300ns)

	Carrier frequency
	700MHz

	UE Speed
	3Km/hr

	Modulation order
	QPSK

	Channel estimation
	MMSE

	Allocated physical resources in each slot
	6 PRBs

	DMRS
	Single Symbol Front loaded

	TBS
	208

	Code rate
	308/1024




2.3.2 Mobility impact
We further evaluated the performance of JCE feature under higher mobility conditions. UE with speeds of 30Kmph and 60Kmph are examined along with 3Kmph and other simulation assumptions follows Table-1. It is clear from the figure that the gains from Joint channel estimation under high mobility is insignificant. On contrary the performance is worse at higher speed scenarios of 60Kmph as shown in the figure. We can observe 1.5dB SNR degradation in the mobility scenario of 60Kmph. Thus we can observe that this feature has limited application to low mobility cases.
Observation 2: JCE feature is limited to low mobility scenarios. 

[image: ]
Fig 2: BLER vs SNR under high mobility
2.3.3 The number of slots impact
Study on the number of repetitions on consecutive slots over which JCE is be enabled has been conducted. Simulation results are presented in Fig. 3. It can be observed that there is not significant gain in the performance by increasing the number of slots beyond 4 at UE speed of 3Kmph and other simulation assumptions as in Table-1. 
Observation 3: The maximum time window of continuous slots over which JCE can be enabled depends on many aspects and careful evaluations needed under the condition of phase continuity and power consistency.
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Fig 3. BLER vs SNR of JCE enabled over different number of slots
3 Summary
In this paper, we discussed the issue of phase continuity and power consistency for UL repetition. We have the following observations. 
Observation 1: To maintain phase continuity, the phase offsets for QPSK signals should be beyond the order of U[-30, 30] degrees. Hard requirements on PA results on the power consumption and/or cost of the device.
Observation 2: JCE feature is limited to low mobility scenarios. 
Observation 3: The maximum time window of continuous slots over which JCE can be enabled depends on many aspects and careful evaluations needed under the condition of phase continuity and power consistency.
And the following proposals are provided: 
Proposal 1: No support of the non-back-to-back PUSCH transmissions across non-consecutive slots.
Proposal 2: Support of non-back-to-back PUSCH transmissions with short gap symbols (e.g., 1 or 2 symbols) can be up to UE implementation.
Proposal 3: No need to support non-back-to-back PUSCH transmissions with long gap symbols (e.g., >2 symbols).
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