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Introduction
In WF[1], there are some issue related to the phase and power consistency tolerance:
Issue 1-4-1: Phase continuity tolerance
· On phase continuity tolerance initial thoughts based on simulation results
· [bookmark: OLE_LINK158]1: within 40 degrees based on simulation for PUCCH
· 2: within 30 degrees based on simulation for PUSCH QPSK
· 3: 
· For PUSCH QPSK, in the order of 20 degrees for 8 repetitions
· For PUCCH format 3, 40 degree’s STD for 2 repetition and 20 degree’s STD for 8 repetition
· Align on simulation assumption, decide the phase tolerance in next RAN4 meeting, key factors for alignment are as follow
· Physical channel: PUSCH and PUCCH
· Repetition number: 2/8
· Model of phase variation: in issue 1-4-2
· DMRS configuration per slot
· Modulation order: focus on Pi/2 BPSK (PUCCH/PUSCH), QPSK (PUCCH/PUSCH), BPSK (PUCCH)
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 
Issue 1-4-4: Power consistency tolerance
· Proposed power variation based on simulation results
· Option 1: 2 dB power variation with uniform distribution 
· Option 2: 1 dB fixed power offset (0.5 dB amplitude offset) 
· Option 3: Further study 
· [bookmark: OLE_LINK164]Option 4: Reuse existing power consistency requirements defined in RAN4 spec.
· [bookmark: OLE_LINK163]Focus on Pi/2 BPSK (PUCCH/PUSCH), QPSK (PUCCH/PUSCH), BPSK (PUCCH). 
· Further discuss the model of power variation if existing power consistency requirements cannot be reused :
· Option 1: uniform distribution
· Option 2: fixed offset
Issue 1-4-5: Impact from frequency offset
· CFO/frequency offset compensation at the receiver is considered assuming
· 1: constant CFO between transmission is assumed at UE 
· 2: full compensation of CFO assumed or leftover phase offset after compensation is assumed
Needs further discussion on whether the above points 1 and 2 can actually be assumed.

In this paper, we present our updated simulation results together with the CFO investigations. 
Discussion
Scenario parameters
Table 1: Basic setup of LLS for joint channel estimation on PUSCH, for TDD at 4 GHz
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD, DL/UL pattern DDDSU (special slot not used for UL unless explicitly mentioned), unless explicitly stated 
· 273 PRBs BWP size

	UE speed
	· 3 km/h

	Payload / tx scheme
	· MCS 4 unless otherwise stated, 4 PRBs, 14 symbols
· 2 DMRS symbols per UL slot unless otherwise explicitly stated
· Special slot not used, unless explicitly stated (in which case it contains 2 DMRS symbols)
· 8 (actual) repetitions, no re-transmissions
· No frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (400 Hz)
· Phase offsets between slots as/if indicated in respective section
· No time offset errors between slots

	Antennas
	· 1T4R, otherwise explicitly stated

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver), except CFO known where explicitly indicated in Section 2.3.1.




Table 2: Basic setup of LLS for joint channel estimation on PUSCH, for TDD at 28 GHz
	System
	· Carrier frequency 28 GHz
· 120 kHz SCS
· TDD, DL/UL pattern DDDSU (special slot not used for UL unless explicitly mentioned)
· 66PRBs BWP size

	UE speed
	· 3 km/h

	Payload / tx scheme
	· MCS 4 unless otherwise stated, 4 PRBs, 14 symbols
· 2 DMRS symbols per UL slot unless otherwise explicitly stated
· Special slot not used, unless explicitly stated (in which case it contains 2 DMRS symbols)
· 8 (actual) repetitions, no re-transmissions
· No frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (2800 Hz)
· Phase offsets between slots as/if indicated in respective section
· No time offset errors between slots

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver), except CFO known where explicitly indicated in Section 2.3.1.



Table 3: Basic setup of LLS for CSI repetition on PUCCH
	System
	Carrier frequency 4GHz
30 kHz SCS
FDD
2*100 MHz BWP (2*273 PRBs)

	UE speed
	3kph

	Payload
	11 bits on 1 PRB, 14 Symbols

	Channel
	TDL-C (NLoS), 30ns delay spread, medium correlation

	Antennas
	1T4R

	Frequency hopping
	Enabled & Disabled

	Impairments
	With and without independent uniform (Figure 2) and Gaussian (Figure 3) phase rotation between slots; non-ideal channel estimation used

	DMRS
	4 DMRS symbols (Additional DMRS)



It should be noted that the joint channel estimation is done over all 8 repetitions in the simulations.  Given current discussions, it seems unlikely that such a large number of slots with phase continuity will be feasible for typical TDD scenarios, presuming that phase continuity cannot be maintained across downlink slots.  However, the sensitivity to impairments is easier to observe with such configurations, and such results can be seen as an upper bound on the sensitivity for TDD or as relevant to UL heavy TDD patterns, if they become of interest in the future.  Therefore, the results herein can be used as a starting point for the range of values to be used in further studies on sensitivity.  Such further studies should also include additional FDD scenarios at higher carrier frequency, e.g. 2 GHz.
Observation #1: Results herein use joint channel estimation across a relatively large number of slots, and therefore can be seen as an upper bound to sensitivity for TDD configurations, and used as a starting point for further studies.
Phase error and power error tolerance for FR1 and FR2
The simulation results are updated to investigate power and phase change impact on the performance. As the power change directly impact the received SNR, the non-JCE baseline also is evaluated for such change to have a fair performance comparison between JCE and and non-JCE.  Figure 1 shows the non-JCE performance with both the phase and amplitude change. Figure 1 shows the non-JCE with added phase and power error and there is 0.2 dB SNR difference between the no power error and 4 dB power error. There is no phase error impact on non-JCE performance which is expected.
Observation 2: There is 0.2 dB SNR degradation for the 4 dB power change for the non-JCE baseline.
Figure 2 and Figure 3 shows the performance comparison between JCE and the non-JCE with the same phase and power error. The phase error is modelled with gaussian distribution.  In Figure 3, JCE with 3 dB fixed power error, 20° phase offset has 0.9 dB gain @ 10% BLER and 0.7 dB gain @ 1% BLER compared to non-JCE under the same condition and in Figure 4 , JCE with 4 dB fixed power error, 20° phase offset has 0.7 dB gain@10% BLER and 0.5 dB gain @1%BLER compared to no JCE under the same condition. 
Observation 3: The 4 dB power error and 20 degree standard phase error can be tolerated from the JCE with acceptable gain to non-JCE.
Figure 4 and Figure 5 shows the performance comparison between JCE and the non-JCE with the same phase and power error. The phase error is modelled with uniform distribution.  In Figure 4, JCE with 3 dB fixed power error, 35° phase offset has 0.8 dB gain @ 10% BLER and 0.7 dB gain @ 1% BLER compared to no JCE under the same condition and in Figure 5 , JCE with 4 dB fixed power error, 35° phase offset still has 0.5 dB gain @ 10% BLER and 0.3 dB gain @ 1% BLER compared to no JCE under the same condition. 
Observation 4: The 4 dB power error and 20 degree standard phase error with uniform distribution of  [-35, 35] can be tolerated from the JCE with acceptable gain to non-JCE.
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Figure 1: Non-JCE performance with added phase/amplitude error (phase error is Gaussian distribution and amplitude error is fixed error)
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Figure 2: BLER performance for JCE and non-JCE with added phase and 3 dB power error (phase error is Gaussian distribution and power error is fixed error)
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Figure 3: BLER performance for JCE and non-JCE with added phase and 4 dB power error (phase error is Gaussian distribution and power error is fixed error)
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 Figure 4: BLER performance for JCE and non-JCE with added phase and 3 dB power error (phase error is uniform distribution and power error is fixed error)
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Figure 5: BLER performance for JCE and non-JCE with added phase and 4 dB power error (phase error is uniform distribution and power error is fixed error)


Proposal-1: Use the 4 dB power error and 20 degree standard phase error as the JCE tolerance to the TX coherence transmission.  



UE autonomous adjustment
In WF[1], the 
Issue 1-3-2: For UE autonomous adjustment
· Option 1: UE autonomous adjustment is not expected across the repetitions
· Check with RAN1 if there is RAN1 spec impact before concluded with option 1
· Option 2: Up to UE implementation
· UE should maintain within phase tolerance even when UE autonomous adjustment is allowed but not (pre-)compensated
· Option 3: The corresponding phase change can be pre-compensated at UE baseband processing, or estimated and compensated at BS baseband processing.
· Check feasibility of (pre-)compensation at UE/BS baseband processing
· Down select among above options
In RAN1 106e, it is agreed below:
Agreement
· UE should not perform TA adjustment during the time domain window.
· FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
· FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
· FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW
Basically, RAN1 agrees that UE should not make TA adjustment during the time domain window for JCE. As the autonomous uplink time adjustment is also adjusting UE uplink timing, it thus should be treated similar way which UE does not make autonomous uplink time adjustment during the time window. 
For option 3, simulation has shown that BS can tolerate the +/-130 ns timing error for 4 PRB transmission but cannot tolerate if it 30 PRB transmission. Therefore, BS may not compensate the timing error but tolerate it if the number of RB allocation is small as it is shown in Figure 6 and Figure 7. For UE, the timing error related to the autonomous uplink transmission timing adjustment may include clock, sampling timing error etc, so it is not clear how UE can detect such error and compensated for it, it also not clear how UE can guarantee to minimize the time error introduced by autonomous timing adjustment and thus both option 2 and 3 is not reliable solution.
Proposal#2: Option 1 would be preferred to follow the RAN1 agreement. Further question could be sent to RAN1 to confirm this.
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Figure 6:  PUSCH BLER with 4 PRB and max +/- 200 ns timing errors. 

[image: ]
Figure 7:  PUSCH BLER with 30 PRB and max +/- 200 ns timing errors. 

CFO impact on JCE
The CFO is caused by the UE frequency tracking to BS and also caused by UE mobility. The CFO contains both frequency tracking error and the doppler frequency. The CFO needs to be estimated and compensated in BS otherwise it causes the ICI between the orthogonal subcarriers and degrade the received SNR. The CFO is compensated on slot basis in legacy and there is no memory effect between slot demodulation. 



Figure 8: CFO impact on the received signal R(k,i,j) in kth time slot, ith subcarrier and jth symbol.
For joint channel estimation, as the initial phase of the complex repetition data has a frequency error component according the CFO model defined in [4], the CFO has an accumulated phase over the repetition interval.  In Figure 8, the received signal R(k,I,j) at the reference point is transmitted repeatly in kth, k+1, k+2 time slot. The DMRS is located in ith subcarrier and in jth symbol within the time slot. For the time t0, the initial phase of complex received data R(k,I,j ) is Ɵ0, when the same symbol is transmitted in k + 1 time slot at time t0 + Δt1, as there is frequency error of Δf1, the phase of the complex received data R(k+1, I, j) then become Ɵ0 + 2π Δf1 Δt1. Similarly the phase of complex received data R(k+2,I,j) is Ɵ0 + 2π Δf1Δt1+2πΔf2Δt2 at time t0+ Δt1+ Δt2. If such phase rotation is not compensated, there is no coherent combining guarantee for JCE.
Observation#5: The frequency error added additional phase rotation has negative impact on coherent combining for JCE.
The simulation is done to evaluate the CFO impact with below assumptions:
· 2 GHz carrier, 15 kHz subcarrier spacing, 30 ns delay spread, 3 km/h, 4 Rx antennas
· FDD, 4 PRBs, MCS 4, 8 repetitions (8 tx attempts in total) 
Observations for JCE without compensation in Figure 7:
· Up to 20 Hz CFO has essentially no impact
· With 40 Hz CFO, JCE still gives gain compared to no JCE
· With 100 Hz CFO, JCE gives large loss
CFO impact must be compensated otherwise JCE will not work.
For the non-back-to-back repetition, the interval between transmission is not zero, thus what is the frequency error in between the non-zero gap should be discussed in RAN4. If there is no certainty of the frequency error between the transmission interval, the JCE simply will not work as the phase of the received complex data could be anything between 0 to 360 degree and coherent combining is not possible. Thus it is desirable to have a constant frequency error as a prerequisite condition for JCE.
Observation#6: It is desirable to assume the constant frequency error between the repetition interval for JCE otherwise JCE may not  work well.
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Figure 9: BLER performance with different CFO , with 30 ns delay spread
In WF[1], there is further investigation point related to CFO:
Issue 1-4-5: Impact from frequency offset
· CFO/frequency offset compensation at the receiver is considered assuming
· 1: constant CFO between transmission is assumed at UE 
· 2: full compensation of CFO assumed or leftover phase offset after compensation is assumed
Needs further discussion on whether the above points 1 and 2 can actually be assumed
Regarding the #2 for issue 1-4-5 in WF[1], the CDF of estimated CFO is shown in Figure 10 to Figure 12. The CFO is estimated quite well without no phase offset, the 95% percentile is around +/- 12 Hz estimated CFO error in first CDF curve in Figure 10. It also shows that for standard deviation of 30 degree, there is bigger CFO estimated error, the 95 percentile is +/-40 Hz for uniform distribution in second CDF curve in Figure 10 and +/- 125 Hz for 95 percentile point in third CDF curve in Figure 10. With standard deviation of 20 degree, the 95 percentile point reduces to +/- 25 degree for uniform distribution and similar for the gaussian distribution in Figure 11. In Figure 12 for 2 repetition, the estimated CFO becomes larger. 95 percentile point is +/- 125 Hz for both uniform and gaussian distribution with standard deviation of 20 degree. To investigate that impact of the larger estimated CFO error, in Figure 12, it is shown that performance of JCE does not degrade compared with gene CFO and perform even better than gene CFO. The reason is that for 2 repetition, the CFO estimation actually can compensate the phase offset between the repetition slot and thus the CFO estimation error is bigger in CDF curve for 95 percentile point. This means that it is not a bad thing that CFO estimation deviate its real value and providing the compensation of phase offset for 2 repetition case. This phenomenon is more prominent in Figure 14 for the stad deviation of 50 degree, the performance is better than gene CFO. 
Observation#7: There is residual CFO error and the amount of residual error depend on the # of repetition, the SNR and phase discontinuity amount. 
Observation#8: The residual CFO error not always has negative impact on the JCE performance, for 2 repetition, it shows some CFO error could even improve the JCE performance



Figure 10: CDF for estimated of CFO for 8 repetition with SNR= -8 dB and std dev= 30 degree


Figure 11: CDF for estimated of CFO for 8 repetition with SNR= -8 dB and std dev= 20 degree


Figure 12: CDF for estimated of CFO for 2 repetition with SNR= -3 dB and std dev= 20 degree


Figure 13: Performance of the 2 repetition with std deviation = 20 degree


Figure 14: Performance of the 2 repetition with std deviation = 50 degree

Conclusions-
In this contribution, the updated link level simulation assumption is discussed for phase discontinuity tolerance study on JCE with below proposal:
Observation #1: Results herein use joint channel estimation across a relatively large number of slots, and therefore can be seen as an upper bound to sensitivity for TDD configurations, and used as a starting point for further studies.
Observation 2: There is 0.2 dB SNR degradation for the 4 dB power change for the non-JCE baseline.
Observation 3: The 4 dB power error and 20 degree standard phase error can be tolerated from the JCE with acceptable gain to non-JCE.
Observation 4: The 4 dB power error and 20 degree standard phase error with uniform distribution of  [-35, 35] can be tolerated from the JCE with acceptable gain to non-JCE.
Proposal-1: Use the 4 dB power error and 20 degree standard phase error as the JCE tolerance to the TX coherence transmission.  
Proposal#2: Option 1 would be preferred to follow the RAN1 agreement. Further question could be sent to RAN1 to confirm this.
Observation#5: The frequency error added additional phase rotation has negative impact on coherent combining for JCE.
Observation#6: It is desirable to assume the constant frequency error between the repetition interval for JCE otherwise JCE may not  work well.
Observation#7: There is residual CFO error and the amount of residual error depend on the # of repetition, the SNR and phase discontinuity amount. 
Observation#8: The residual CFO error not always has negative impact on the JCE performance, for 2 repetition, it shows some CFO error could even improve the JCE performance
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