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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 first thing to discuss is that how to map the simulated tolerance number to the UE RF requirement. In simulation, the different random distribution of the phase and amplitude is assumed but this cannot be set as the RF requirement directly as there is no statistical RF requirement. For amplitude variation tolerance, if the fixed value model would be agreed in RAN4, it will be straightforward to set the requirement directly. For phase variation tolerance, some discussion on the UE power amplifier AM-PM characteristic would be needed. If the UE transmitter is kept ON during the JCE repetition time window, as the RB allocation is not expected to change so the factor to make the phase vary in the AM-PM characteristic may be the temperature/voltage drift. Therefore, either uniform or gaussian distribution may match the UE hardware behaviour. 
[image: ]
Figure 1 Phase Discontinuity Measured on 10 UEs (Captured from [3])
In Figure 1[3], it shows the different PA behaviour while for JCE, the same PA/transmitter is more concern. But it could be referenced to understand the phase discontinuity distribution among large number of UE:es.
both uniform and gaussian distribution may fit the PA AM-PM characteristic.
In simulation, the JCE gain is expressed as a statistical gain because the phase discontinuity/amplitude error is modelled as the uniform/Gaussian distribution. Uniform distribution can contain all samples within a range, for Gaussian distribution, a need to discuss whether 3-sigma or 6-sigma is necessary. To make a simple approach on setting the RF requirement, the uniform distribution may be more appropriated to use as phase discontinuity model. Additional EVM test on different model does not show there is too much difference as Figure 2 shows.
Issue 1-4-2: Model of phase variation
· [bookmark: OLE_LINK125][bookmark: OLE_LINK123][bookmark: OLE_LINK124]Down select Model of explicit phase offset between option 1 and option 2
· [bookmark: OLE_LINK138]Option 1: Gaussian, std deviation 
· Option 2: uniform distribution 

Proposal-1: uniform distribution could be used for RF requirement setting.
[image: ]’ 
Figure 2: EVM verse the different phase offset distribution 

The phase/amplitude tolerance is summarized below table from the companion simulation updated paper:
		Table 1: Phase/power tolerance value for JCE
	
	Phase discontinuity tolerance 
(uniform distribution)
	power discontinuity tolerance
(fixed value)

	JCE tolerance 
	35
	4 dB 



Requirement pre-condition: 
Generally, the phase continuity is introduced in the context of joint channel estimation or the DMRS bundling. It should involve different slots in time domain and extend the assumption of constant channel impulse response to multiple bundling time slots in time domain. The channel impulse response is regarded as constant within one slot in legacy and 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 will be specified based on such assumption.
Observation-2: The UL coherent transmission assumes that phase and amplitude variation of UE transmitter frequency response in different time slot within the bundled time slots should not exceed a predefined magnitude.
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 defined by RAN1 and discussed in the LS response to 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 the measurement section. Above all, the first time slot equalization coefficient derived using the legacy process in annex E3.1 in TS 38.521-1 shall be used for other time slot equalization so any phase/amplitude variation caused by transmitter gain adjustments would be captured in the measurement results. 
Proposal-2: Apply the first time slot equalization coefficients to received data in other time slots for equalization.
Requirement text proposal: 
For the joint channel estimation 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. The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots.
Table 6.4x-1: the maximum allowable difference between the phase and amplitude of the complex received signal in first time slot and those in any other time slots
	Difference of relative phase error
	Difference of relative power error
	Time window

	x degrees
	y dB
	z msec



The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of antenna ports, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
· To be add for others conditions.
 Proposal-3: RAN4 discuss the above RF requirement on the UL coherent transmission.

Conclusions
In this contribution, we present our view on the RF requirement aspect of phase continuity with below proposal:
1. both uniform and gaussian distribution may fit the PA AM-PM characteristic.
Proposal-1: uniform distribution could be used for RF requirement setting.
Proposal-2: Apply the first time slot equalization coefficients to received data in other time slots for equalization.
Proposal-3: RAN4 discuss the above RF requirement on the UL coherent transmission.
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