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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
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 measurement paper.  In WF [1], the relevant part for defining the RF requirement has below options:
Issue 3-1: Definition of RF requirements
Candidate options:
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly, i.e., separate requirements for phase and power offsets.
· 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].
· Note: whether to use JCE process in the test is discussed separately in Issue 3-3.

With the agreement made in RAN4#101-bis-e as below in WF[1], it mean the requirement definition will follow the option 1.
· The channel estimation should be done for each slot and JCE is precluded
· Only use phase error as test metric, unless the problem is identified
RF requirement definition follows the option 1.
Whether the option 1a or 1b will depend on the phase model discussion, in WF [1], it is stated as:
· The phase error should be measured slot by slot
· FFS: down-select between the following two options
· Phase offset Option 1: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Phase offset Option 2: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
Also 
· Down select between the following two options: 
· Option 1: Adopt [-30, 30] degrees if Phase offset Option 1 in Issue 1-1 is agreed.
· Option 2: Adopt [-15, 15] degrees if Phase offset Option 2 in Issue 1-1 is agreed.

To choose between option 1a or option 1b relates the selection of the phase offset model. The phase offset distortion from UE hardware is mainly white noise, LO phase noise and IMn products generated by non-linearity RF component. When UE operating at lower output power level, the white noise may be dominated and when UE operating at high output power, the non-linearity impairment may be dominated. The IM product falls within the signal bandwidth and it can overlap with subcarrier, impacting both the amplitude and phase of modulated symbol. As the channel estimation will use the measured reference signal, which is distorted by these noise factors, it will impact on the channel estimation accuracy in the sense with a factor of X-1N below. 
Y = XH + N
Ĥ (LS) = X-1Y + X-1N
Current EVM requirement for QPSK gives a certain allowance on noise distortion, for the phase offset tolerance of option 1 and 2, the rms value of the [-15, 15] is 8-degree while the rms value of [-30, 30] is 17 degree, additional measurement error/uncertainty will be reflected in the test result and make the rms 8 degree more challenging both for design and test. From design perspective, option 1 will be preferable as the allowance is 60 degree between two adjacent time slots while it is15 degree between the two same adjacent time slot for option 2. It is also not likely for the frequency response of a UE hardware to exhibit dramatically change within 32 ms with fixed condition for consecutive transmission, even for design to measure the frequency response, it would be preferred to repeat over multiple time slots. 
[bookmark: _Ref94872834]Use the option 1 of phase offset model.
With the phase offset model of option 1, we think the option 1b will be straightforward to use as to reflect what has been simulated in the system simulation. 
[bookmark: _Ref94872865]Use the option 1b in the requirement/testing. 
There is also a question regarding the time window for the measurement. In current EVM measurement, the measurement interval is defined in F.2 in TS 38.101-1 and measurement unit is defined in B.2 in TS 38.104.  The EVM is average over time and over frequency. Similarly, as each measurement point is calculated within one time slot compared with reference time slot, the measurement interval is still one time slot. Such measurement should be done over the bundled time slots which is reported by UE. However, the measurements points within these bundled should be averaged as the uniform distribution expectation is zero. In this sense, we think the phase offset metric should be rms value instead of maximum value to differentiate the different UE hardware coherence performance.
[bookmark: _Ref94872872]The rms value should be used in the requirement and measurement
[bookmark: _Ref94872880]Define the measurement interval of 1 time slot.
RAN4 has not reached consensus on the maximum time duration, if the 5ms is reported, basically there is only 4 measurement points within a bundle and to have a rms value with certain confidence level, the measurement uncertainty increase. In this sense, it is better to repeat over multiple bundles to have improved measurement results with certain confidence level. As the sample size of above 30 is required for the central limit theory to hold true, so repetition of 10 bundles should be good enough from both test time and test accuracy perspective. With this, the rms value could be derived with the measurement data for [10] bundles.
[bookmark: _Ref94872888] Discuss if the [10] bundles should be repeated for the test. 
For the TDD band, the scenario of DL time slot in between perhaps may be excluded due to no time discussion in RAN4 for other solution. But the test still could be done for case for uplink heavy TDD configuration in uplink time slot case then perhaps a new TDD pattern is needed , e.g DDDSUDDSUU.  Currently the TDD pattern in A.2.1 is DDDSU as below. 
Table A.2.1-1: TDD active uplink slots
	SCS
	Active Uplink slots

	15 kHz
	4, 9

	30 kHz
	8, 9, 18, 19

	60 kHz
	16, 17, 18, 19, 36, 37, 38, 39



[bookmark: _Ref95751735]New TDD pattern is needed for phase continuity tolerance requirement for TDD band.




RB allocation restriction for phase offset measurement
In simulation assumption for the phase tolerance, the 4 PRB is agreed, and the random phase offset is set the same for all the subcarrier between time slots. Such assumption make sense when group delay is zero or very small value. It may not be valid near the band edge as the group delay at transit region exhibit a sharp change around the stopband due to the analog filter. For the phase continuity tolerance requirement, the whole frequency range within the band should be measured so UE could report the capability of phase tolerance per band basis. UE may have difficulty to meet the phase tolerance at the band edge when Tx gain changes. Currently in TS 38.101-1, UE is allowed to have 1.5 dB backoff power at band edge.  This perhaps motivate the test on the separate RB range which at the band edge or at the inner part of the band. However, if UE fails the band edge while pass the inner band, it perhaps means the specification need separate these two ranges and UE signaling to BS for which RB range it could fulfill the RF requirement. It complicates design.  Therefore, from both JCE simulation and also the UE phase continuity tolerance perspective, we think the RB allocation near the band edge should be exempt from the requirement/test. To start with, a note of the same RB restriction range on the UE maximum output power backoff on the band edge could be reused. The transmission bandwidths should be confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high.
[bookmark: _Ref95726615]RB allocation at the band edge could be exempt from UE phase requirement.  
[bookmark: _Ref95726621][bookmark: _Ref95751717]Add a note on the transmission bandwidths for UE phase continuity tolerance measurement be confined within FUL_low + 4 MHz to FUL_high – 4 MHz .
Text proposal for requirement 
Requirement text proposal: 
For the DMRS bundling in uplink coverage enhancement, the allowable difference between the phase of the complex-valued channel coefficient in first time slot and that in any other time slots within the bundled time slots is listed in Table 6.4x.-1 with the parameters defined in Table 6.4.x-2. 
Table 6.4x-1: the allowable difference 
	Difference of relative phase error in RMS
	Measured Time window

	17 degrees
	[10] * Maximum time duration reported by UE

	Note 1: The reference measurement channels for QPSK in Annexes A.2.2, A2.3 should be configured.
Note 2: The transmission bandwidths for UE phase continuity tolerance measurement should be confined within FUL_low + 4 MHz to FUL_high – 4 MHz.



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.
· No network commanded TA takes effect.
· The requirement is defined assuming P-MPR=0 over the entire duration of the JCE window

[bookmark: _Ref92731352][bookmark: _Ref94872896]RAN4 discuss the above requirement text. 


Conclusions
In this contribution, we present our view on the RF requirement aspect of phase continuity with below proposal:
Proposal-1: Use the option 1 of phase offset model.
Proposal-2:Use the option 1b in the requirement/testing.
Proposal-3:The rms value should be used in the requirement and measurement
Proposal-4:Define the measurement interval of 1 time slot.
Proposal-5:Discuss if the [10] bundles should be repeated for the test.
Proposal-6: New TDD pattern of DDSUU is needed for phase continuity tolerance requirement for TDD band.
Proposal-7:RB allocation at the band edge could be exempt from UE phase requirement.Proposal-8:Add a note on the transmission bandwidths for UE phase continuity tolerance measurement be confined within FUL_low + 4 MHz to FUL_high – 4 MHz 
Proposal-8:Add a note on the transmission bandwidths for UE phase continuity tolerance measurement be confined within FUL_low + 4 MHz to FUL_high – 4 MHz .
Proposal-9:RAN4 discuss the above requirement text.
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