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1. Introduction
In RAN4 #101e meeting, one more reply LS on PUCCH and PUSCH transmission was sent to RAN1 [1], and the WF on phase continuity and power consistency was approved in [2].
[bookmark: _GoBack]This contribution provides our views on phase continuity and power consistency tolerance.
2. Discussion
2.1  Phase variation model and phase continuity tolerance
In RAN4 #101e, the following agreements were reached regarding the model of phase variation and phase continuity tolerance:
Issue 1-3-1: Model of phase variation
· For the model of explicit phase offset, uniform distribution is agreed.
· To evaluate the phase offset tolerance for coverage enhancement (simulation assumption):
· BS reference receiver:
· Used all the DMRS within the repetition duration for channel estimation.
· It is encouraged for companies to provide the equalization algorithms used in the simulation.
· This is just the assumption for evaluation and does not imply mandating any implementation for BS.
· NOTE: try to reuse RAN1 simulation assumption.
· Provide the performance evaluation:
· Provide the tolerable phase offset by using both Option 1 simulation setup and Option 2 simulation setup.
· Compare the performance between with and without random phase offsets.
· Option 1 means that for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Option 2 means that 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)
Issue 1-3-2: Phase continuity tolerance
· Criterion to derive the tolerance:
· The degradation of performance for case with phase offset over case without phase offset.
· The performance gain of using joint channel estimation over not using joint channel estimation when phase offset is modeled.
· Run the simulations for the following cases:
· For Option 1 phase offset, consider offset [-X, X].
· X is in the range of 10 to 40.
· Option 1 phase offset means that for each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· For Option 2 phase offset, consider offset [-X, X].
· X is in the range of 5 to 20.
· Option 2 phase offset means that 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) 
· Duration of transmission repetition n.
· n = 8,
· other values, e.g., 12, 16, 32, are not precluded.

To compare the two options for phase offset model, we run simulations using the parameters listed in Table 1, and the simulation results are presented in Table 2 to Table 7.
One thing is that for the equalization algorithm, with 1Tx and 1-layer transmission, MMSE and ZF is the same. So, we don’t think this is an issue worth further discussion.
Table 1. Simulation assumptions
	Parameters
	Values

	Carrier frequency
	FR1: 4GHz
FR2: 28GHz

	SCS
	FR1: 15kHz, 30kHz
FR2: 60kHz

	Physical channel
	PUSCH

	UE velocity
	3km/h

	TBS
	320 (VoIP)

	MCS
	4

	RB number
	4

	Repetition number
	16, 32

	UE Tx number
	1

	BS Rx number
	2

	Model of phase variation for JCE
	Option 1 and option 2 phase offset as above

	BS channel estimation
	Used all the DMRS within the repetition duration



Table 2. SNR at 2% BLER, FR1 15 kHz SCS, 16 repetitions
	Phase offset
	SNR (dB)

	
	Phase offset option 1
	Phase offset option 2

	
	Required SNR
	Delta SNR
	Required SNR
	Delta SNR

	Without JCE
	-2.8
	N.A.
	-2.8
	N.A.

	JCE
	0°
	-6.0
	Baseline
	-6.0
	Baseline

	
	5°
	
	
	-5.8
	-0.2

	
	10°
	-5.7
	0.3
	-5.4
	0.6

	
	15°
	
	
	-5.3
	0.7

	
	20°
	-5.5
	0.5
	-5.2
	0.8

	
	30°
	-5.3
	0.7
	
	

	
	40°
	-5.2
	0.8
	
	



Table 3. SNR at 2% BLER, FR1 15 kHz SCS, 32 repetitions
	Phase offset
	SNR (dB)

	
	Phase offset option 1
	Phase offset option 2

	
	Required SNR
	Delta SNR
	Required SNR
	Delta SNR

	Without JCE
	-6.2
	N.A.
	-6.2
	N.A.

	JCE
	0°
	-8.8
	Baseline
	-8.8
	Baseline

	
	5°
	　
	　
	-8.3
	0.5

	
	10°
	-8.8
	0
	-8
	0.8

	
	15°
	　
	　
	-7.8
	1

	
	20°
	-8.5
	0.3
	-7.4
	1.4

	
	30°
	-7.9
	0.9
	　
	　

	
	40°
	-7.5
	1.3
	　
	　



Table 4. SNR at 2% BLER, FR1 30 kHz SCS, 16 repetitions
	Phase offset
	SNR (dB)

	
	Phase offset option 1
	Phase offset option 2

	
	Required SNR
	Delta SNR
	Required SNR
	Delta SNR

	Without JCE
	-3.1
	N.A.
	-3.1
	N.A.

	JCE
	0°
	-6.2
	Baseline
	-6.2
	Baseline

	
	5°
	　
	　
	-6.1
	0.1

	
	10°
	-6
	0.2
	-5.9
	0.3

	
	15°
	　
	　
	-5.6
	0.6

	
	20°
	-5.8
	0.4
	-5.4
	0.8

	
	30°
	-5.6
	0.6
	　
	　

	
	40°
	-5.4
	0.8
	　
	　



Table 5. SNR at 2% BLER, FR1 30 kHz SCS, 32 repetitions
	Phase offset
	SNR (dB)

	
	Phase offset option 1
	Phase offset option 2

	
	Required SNR
	Delta SNR
	Required SNR
	Delta SNR

	Without JCE
	-6.2
	N.A.
	-6.2
	N.A.

	JCE
	0°
	-9.1
	Baseline
	-9.1
	Baseline

	
	5°
	　
	　
	-8.7
	0.4

	
	10°
	-8.9
	0.2
	-8.6
	0.5

	
	15°
	　
	　
	-8.5
	0.6

	
	20°
	-8.7
	0.4
	-8.2
	0.9

	
	30°
	-8.6
	0.6
	　
	　

	
	40°
	-8.2
	0.9
	　
	　



Table 6. SNR at 2% BLER, FR2 60 kHz SCS, 16 repetitions
	Phase offset
	SNR (dB)

	
	Phase offset option 1
	Phase offset option 2

	
	Required SNR
	Delta SNR
	Required SNR
	Delta SNR

	Without JCE
	-4.7
	N.A.
	-4.7
	N.A.

	JCE
	0°
	-5.7
	Baseline
	-5.7
	Baseline

	
	5°
	　
	　
	-5.7
	0

	
	10°
	-5.7
	0
	-5.6
	0.1

	
	15°
	　
	　
	-5.5
	0.2

	
	20°
	-5.5
	0.2
	-5.3
	0.4

	
	30°
	-5.4
	0.3
	　
	　

	
	40°
	-5.3
	0.4
	　
	　



Table 7. SNR at 2% BLER, FR2 60 kHz SCS, 32 repetitions
	Phase offset
	SNR (dB)

	
	Phase offset option 1
	Phase offset option 2

	
	Required SNR
	Delta SNR
	Required SNR
	Delta SNR

	Without JCE
	-7.8
	N.A.
	-7.8
	N.A.

	JCE
	0°
	-7.4
	Baseline
	-7.4
	Baseline

	
	5°
	　
	　
	-5.2
	2

	
	10°
	-7.2
	0.2
	-3.8
	3.6

	
	15°
	　
	　
	-3.6
	3.8

	
	20°
	-7.2
	0.2
	-3.5
	3.9

	
	30°
	-7.1
	0.3
	　
	　

	
	40°
	-6.9
	0.5
	　
	　



We have the following observations and proposal based on our simulation results:
Observation 1: When option 1 phase offset model is used, the tolerable phase offset is [20, 30] degrees, in scenario of FR1 15 & 30 kHz, FR2 60 kHz, and with 16 and 32 repetitions.
Observation 2: When option 2 phase offset model is used, the tolerable phase offset is [10, 15] degrees, in scenario of FR1 15 & 30 kHz with 16 and 32 repetitions, and FR2 60Hz with 16 repetitions.
Proposal 1: Define the phase continuity tolerance as [20, 30] degrees if using option 1 phase offset model, and as [10, 15] degrees if using option 2 phase offset model.

2.2  Power consistency tolerance
The following agreements were reached regarding the model of power variation and power consistency tolerance:
Issue 1-3-4: Model of power variation
· For model of explicit power offset for the evaluation, Option 1 (uniform distribution) is agreed.
· For definition of the power offset, the following is agreed.
· For each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
Issue 1-3-5: Power consistency tolerance
Summary of 1st round discussion:
· Proposals based on simulation results:
· Option 1: 1 dB power offset with uniform distribution
· Option 2: 2 dB power offset with uniform distribution
· Option 3: 4 dB power offset with uniform distribution
· Option 4: 4 dB fixed power offset
· Option 5: Not specify the requirement for the amplitude offset, i.e., reuse existing power consistency requirements defined in RAN4 spec.
· The impact from power variance is negligible.
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.

To simulate the required power tolerance, we run simulations using the parameters listed in Table 8, and the simulation results are presented in Table 9.
Table 8. Simulation assumptions
	Parameters
	Values

	Carrier frequency
	FR1: 4GHz
FR2: 28GHz

	SCS
	FR1: 15kHz, 30kHz
FR2: 60kHz

	Physical channel
	PUSCH

	UE velocity
	3km/h

	TBS
	320 (VoIP)

	MCS
	4

	RB number
	4

	Repetition number
	16, 32

	UE Tx number
	1

	BS Rx number
	2

	Phase offset
	0 degree

	BS channel estimation
	Used all the DMRS within the repetition duration



Table 9. SNR at 2% BLER
	
	Required SNR (dB)
	Delta SNR (dB)

	
	without phase offset
	with 3.5dB phase offset
	

	FR1 15 kHz SCS, 16 repetitions
	-6.0
	-5.8
	0.2

	FR1 15 kHz SCS, 32 repetitions
	-8.8
	-8.6
	0.2

	FR1 30 kHz SCS, 16 repetitions
	-6.2
	-5.9
	0.3

	FR1 30 kHz SCS, 32 repetitions
	-9.1
	-8.8
	0.3

	FR1 60 kHz SCS, 16 repetitions
	-5.7
	-5.7
	0.0

	FR1 60 kHz SCS, 32 repetitions
	-7.4
	-7.1
	0.3



We have the following observations and proposal based on our simulation results:
Observation 3: When 3.5dB power offset is modeled, the JCE performance degradation is very small compared to no power offset, in scenario of FR1 15 & 30 kHz, FR2 60 kHz with 16 and 32 repetitions.

According to sub-clause 6.3.4.4 of TS 38.101-1 and TS 38.101-2, the aggregate power tolerance is defined as ±2.5 dB and ± 3.5 dB for FR1 PUCCH and PUSCH respectively, and the aggregate power tolerance is defined as ± 3.5 dB for FR2 PUCCH and PUSCH when the power is not smaller than intermediate power point 'Pint', as copied in Table 10 and Table 11. So we are fine to reuse these existing power tolerance requirements defined in TS 38.101-1/2, i.e., no new power tolerance requirements for JCE to be defined. 
Table 10: Aggregate power tolerance (Table 6.3.4.4-1 in TS 38.101-1)
	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	± 2.5 dB

	0 dB
	PUSCH
	± 3.5 dB



Table 11: Aggregate power tolerance, Pmax ≥ P ≥ Pint  (Table 6.3.4.4-2 in TS 38.101-2)
	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	± 3.5 dB

	0 dB
	PUSCH
	± 3.5 dB



Observation 4: According to sub-clause 6.3.4.4 of TS 38.101-1 and TS 38.101-2, the aggregate power tolerance is defined as ±2.5 dB and ± 3.5 dB for FR1 PUCCH and PUSCH respectively, and is defined as ± 3.5 dB for FR2 PUCCH and PUSCH when the power is not smaller than intermediate power point 'Pint'.
Proposal 2: Reuse the existing power tolerance requirements defined in sub-clause 6.3.4.4 of TS 38.101-1/2, i.e., no new power tolerance requirements for JCE to be defined.

2.3  Definition of RF requirements
The following agreements were reached regarding the definition of RF requirements:
Issue 1-3-7: Definition of RF requirements
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.

For option 2, one issue is that the power offset will dominate the EVM when the power offset is large. Based on the candidate values proposed in the previous meetings, the power offset of around 3dB would probably be considered. In such case, it would result in very large EVM. Moreover, the EVM of “3dB power offset + 10/20 degree phase offset” would be similar to the EVM of “3dB power offset + 20/40 degree phase offset”.
Observation 5: For option 2 of defining UE requirement as EVM value, when around 3dB power offset is considered, the power offset will dominate the EVM and the impact of different phase offsets is not obvious.

2.4  DMRS for channel estimation in the test
The following agreements were reached regarding the DMRS for channel estimation in the test:
Issue 1-3-7A: DMRS for channel estimation in the test
WF recommendation:
· For the test implementation:
· Option 1: Whether use all DMRS’s from all the bundled slots equally for JCE channel estimation?
· Option 1: Yes.
· Option 2: No.
· Option 2: Whether the equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots?
· Option 1: Yes.
· Option 2: No.
· Option 3: To be further discussed based on issue 1-3-7.
Considering the DMRS for channel estimation, we should separate the discussion for the purpose of BS demodulation and the testing. For BS demodulation in link-level simulation and in defining BS demodulation requirements, all DMRS’s from all the bundled slots should be used for JCE, otherwise no gain by JCE can be observed.
However, for the testing of UE RF requirements, we agree that the equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots in a bundle, so that any phase variation caused by transmitter can be captured in the measurement results. Otherwise, if JCE gain is counted in the test, the measured phase offset will be smaller than the real phase offset caused by transmitter.
Observation 6: The discussion on DMRS for channel estimation should be separated for the purpose of BS demodulation and the testing. For the testing of UE RF requirements, if JCE gain is counted, the measured phase offset will be smaller than the real phase offset caused by transmitter.
Proposal 3: For the test implementation, the equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots in a bundle.
3. Conclusion
This contribution presented our views on phase continuity and power consistency tolerance, with the following observations and proposals:
For the phase variation model and phase continuity tolerance:
Observation 1: When option 1 phase offset model is used, the tolerable phase offset is [20, 30] degrees, in scenario of FR1 15 & 30 kHz, FR2 60 kHz, and with 16 and 32 repetitions.
Observation 2: When option 2 phase offset model is used, the tolerable phase offset is [10, 15] degrees, in scenario of FR1 15 & 30 kHz with 16 and 32 repetitions, and FR2 60Hz with 16 repetitions.
Proposal 1: Define the phase continuity tolerance as [20, 30] degrees if using option 1 phase offset model, and as [10, 15] degrees if using option 2 phase offset model.
For the power consistency tolerance:
Observation 3: When 3.5dB power offset is modeled, the JCE performance degradation is very small compared to no power offset, in scenario of FR1 15 & 30 kHz, FR2 60 kHz with 16 and 32 repetitions.
Observation 4: According to sub-clause 6.3.4.4 of TS 38.101-1 and TS 38.101-2, the aggregate power tolerance is defined as ±2.5 dB and ± 3.5 dB for FR1 PUCCH and PUSCH respectively, and is defined as ± 3.5 dB for FR2 PUCCH and PUSCH when the power is not smaller than intermediate power point 'Pint'.
Proposal 2: Reuse the existing power tolerance requirements defined in sub-clause 6.3.4.4 of TS 38.101-1/2, i.e., no new power tolerance requirements for JCE to be defined.
For the definition of RF requirements:
Observation 5: For option 2 of defining UE requirement as EVM value, when around 3dB power offset is considered, the power offset will dominate the EVM and the impact of different phase offsets is not obvious.
For the DMRS for channel estimation in the test:
Observation 6: The discussion on DMRS for channel estimation should be separated for the purpose of BS demodulation and the testing. For the testing of UE RF requirements, if JCE gain is counted, the measured phase offset will be smaller than the real phase offset caused by transmitter.
Proposal 3: For the test implementation, the equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots in a bundle.
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