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Introduction
In this paper, we present our view on the RF requirement aspect on JCE phase continuity and power consistency tolerance for PUCCH and PUSCH repetition continuity.
Discussion
UE Coherence transmission requirement
The phase/amplitude coherent transmission tolerance is simulated in our companion paper[4]. If RAN4 would agree the phase/amplitude variation tolerance magnitude for JCE receiver, then next step how the UE RF requirement should be specified in terms of the phase/amplitude variation should be investigated and discussed.
The phase/amplitude tolerance is summarized below table from the companion simulation updated paper [4]:
		Table 1: Phase/power tolerance value for JCE
	
	Phase discontinuity tolerance 
(uniform distribution)
	power discontinuity tolerance
(uniform distribution)
	power discontinuity tolerance
(fixed value)

	JCE tolerance 
	35
	3.5 dB
	4 dB



In WF[1], for the model of amplitude, it is FFS on whether or not to have a maximum duration of the 21 ms. 
Issue 1-3-5: Power consistency tolerance
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. 

For the FFS on the 21ms, it is our understanding that such number comes from the aggregated power control requirement where UE output power could be kept within +/- 3.5 dB.  
Aggregate power tolerance
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 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 clause 6.3.1 and the maximum output power as specified in clause 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



This relates to the TDW definition also maximum duration UE should report as capability. In the worst case, if the L is configured with maximum duration UE report, then it would mean the TDW is depending on the UE capability. As one of possibility, if UE report 21ms as maximum duration, it would comply already the power consistency requirement without introducing new functionality for maintaining the power consistency in FR1 and the same for FR2 for higher output power case (Pmax ≥ P ≥ Pint). However, it also depends on the consensus on the power consistency tolerance for JCE.
Agreement:
Support Option 1’-a
Option 1’-a: 
· If L is configured, the maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, the default value of L = min (maximum duration, duration of all PUSCH repetitions)

[bookmark: _Ref92731268]There is minimum functional impact on UE if the power consistency requirement would be +/- 3.5 dB and UE report the 21 ms as its maximum duration capability.

RAN1 current working assumption does not regard the TPC command as an event to violate the power consistency and phase continuity.

Working assumption:
· The action of group common TPC commands with format 2_2 does not constitute an event that violates power consistency and phase continuity.
[bookmark: _Ref92731286]TPC command does not violate the power consistency and phase continuity so the aggregate power requirement could be used to maintain the power consistency requirement for JCE within the maximum duration.

As the UE report its capability for the maximum duration to maintain the power consistency and phase continuity, it could extend this number above 21 ms. But it would not be more than 32 time slots according to previous LS response [2].
[bookmark: _Ref92731296]UE could report more than 21ms based on current RAN4 discussion.

Based on the above discussion, it is recommended to choose a more relaxed power consistency requirement, e. g 3.5 dB so to minimize the UE RF impact.
[bookmark: _Ref92731306]Use the more relaxed power consistency requirement of the +/- 3.5 dB to minimize the UE impact.

Requirement pre-condition: 
Generally, the phase continuity is introduced in the context of joint channel estimation or the DMRS bundling. It involves different slots in the time domain and extends the assumption of constant channel impulse response to bundling multiple time slots in the time domain. The channel impulse response is regarded as constant within one slot in legacy, where within one time slot, the UE transmission is coherent and the channel estimation or EVM test is done on a per slot basis. If the channel impulse response can be assumed to be constant across the bundled time slots, the phase and amplitude variation of UE transmitter frequency response in different bundled time slots should not exceed a predefined magnitude and thus the hardware requirement would be specified based on such assumption.
[bookmark: _Ref92731316]The UL coherent transmission assumes that phase and amplitude variation of UE transmitter frequency response in different time slots within the bundled time slots should not exceed a predefined magnitude.

For other pre-conditions, RAN1 has agreed some of the event that could violate the power consistency and phase continuity requirement which means these events should not happen during the UE RF test. We list these events from RAN1 agreements:
Agreement:
· For non-back-to-back PUSCH/PUCCH transmissions across consecutive slots, the other uplink transmission in the middle of two PUSCH/PUCCH transmissions constitutes an event that violates power consistency and phase continuity.
Agreement:
· The action of gNB indicated TA commands constitutes an event that violates power consistency and phase continuity.
Agreement:
· UE should not perform UE autonomous TA adjustment during the actual time domain window.
Agreement:
· If DMRS bundling and UL beam switching for multi-TRP operation are configured simultaneously, UL beam switching for multi-TRP operation constitutes an event that violates power consistency and phase continuity.

[bookmark: _Ref92731331]Follow the RAN1 agreement and make these events as side conditions for UE RF requirement as below:
1. UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
2. There is no TA command from network
3. UE should not perform autonomous time adjustment


Requirement discussion:
To measure this phase and amplitude variation of transmitter frequency response, some reference signal would be used, and such reference signal should be transmitted repeatedly within a JCE time window (TDW) defined by RAN1. To derive the phase and amplitude variation correctly, also the CFO estimation and correction needs to be made which we will explain more in our companion paper on measurement [3]. Above all, the first time slot equalization coefficient derived using the legacy process in annex E3.1 in TS 38.521-1 could be used for other time slot equalization so any phase/amplitude variation caused by transmitter gain adjustments would be captured in the measurement results. This is the WF [1] option 1b. More options discussed in WF [1] are as below: 
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.
Option 1b is to use the first time slot to do the channel estimation and option 2 is to use the all the time slots to do the channel estimation. If the basic assumption is that the channel is constant over the bundled time slots, in practice these two methods should not deviate too much in performance. For option 2, if the purpose is not to align the JCE reference receiver in test equipment, it could be further discussed how to derive the HW impairment based on another method of channel estimation. It is our understanding that there is no RAN1 assumption about JCE algorithm, so the MMSE, MRC, zero-forcing (ZF) all could be used, and maybe it is good to avoid introducing a JCE algorithm discussion in the UE RF requirement/test.
[bookmark: _Ref92731343]Focus on the channel estimation method discussion for Hardware impairment test and not the JCE receiver design for option 2.
The test performance/results from different test approach should not be deviate too much for the same HW impairment. No matter which method is to be used, the same HW imparirment charaterization should be used. More discussion in this aspect is discuss in our companion paper. 
Requirement text proposal for option 1b: 
For the DMRS bundling in uplink coverage enhancement and for the same [reference] signal transmitted repeatedly in time slots during a time window defined in Table 6.4x-1, the maximum allowable difference between the phase and amplitude of the complex received signal in first time slot in one DMRS port and those in any other time slots is listed in Table 6.4x.-1 for the parameters defined in Table 6.4.2.1-2. The channel estimation is according to joint channel estimation  [Annex F in TS 38.101-1]
Table 6.4x-1: the maximum allowable difference 
	Difference of relative phase error
	Difference of relative power error
	Time window

	x degrees
	y dB
	z msec



Table 6.4.x-2: Parameters for the maximum allowable difference
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	PCMAX,f,c in clause 6.2.4

	Operating conditions
	
	Normal conditions



The above requirements when all the following conditions are met within the specified time window:
-	UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
-	There is no TA command from network
-	
 
Requirement text proposal for option 2: 
For the DMRS bundling in uplink coverage enhancement and for the same [reference] signal transmitted repeatedly in time slots during a time window defined in Table 6.4x-1, the maximum allowable EVM for the DMRS and data symbol in bundled time slots is listed in Table 6.4x.-1. The channel estimation is according to [Annex F in TS 38.101-1]
The basic EVM measurement interval in the time domain is across multiple bundled time slots for PUCCH and PUSCH in the time domain. 


Table 6.4x-1: EVM requirement
	Modulation
	EVM
	Time window

	QPSK
	x
	z msec



Table 6.4.x-2: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	PCMAX,f,c in clause 6.2.4

	Operating conditions
	
	Normal conditions



The above requirements when all the following conditions are met within the specified time window:
-	UE is not scheduled with other uplink transmission in the middle of two PUSCH/PUCCH transmission
-	There is no TA command from network	

[bookmark: _Ref92731352]RAN4 discuss the above requirement text based on consensus of the channel estimation method in option 1 or 2.
Conclusions
In this contribution, we present our view on the RF requirement aspect of phase continuity with below proposal:

Observation 1 There is minimum functional impact on UE if the power consistency requirement would be +/- 3.5 dB and UE report the 21 ms as its maximum duration capability.
Observation 2 TPC command does not violate the power consistency and phase continuity so the aggregate power requirement could be used to maintain the power consistency requirement for JCE within the maximum duration.
Observation 3 UE could report more than 21ms based on current RAN4 discussion.
Proposal-1: Use the more relaxed power consistency requirement of the +/- 3.5 dB to minimize the UE impact.
Observation 4 The UL coherent transmission assumes that phase and amplitude variation of UE transmitter frequency response in different time slots within the bundled time slots should not exceed a predefined magnitude.
Proposal-2: Follow the RAN1 agreement and make these events as side conditions for UE RF requirement as below:
Proposal-3: Focus on the channel estimation method discussion for Hardware impairment test and not the JCE receiver design for option 2.
Proposal-4: RAN4 discuss the above requirement text based on consensus of the channel estimation method in option 1 or 2.
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