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Introduction
In WF[1], there is one issue to be investigated for the phase continuity:
· Issue 1-2-1: Quantification of the acceptable/required tolerance
· Proposals
· To estimate the required tolerance of the phase continuity and amplitude consistency from link performance perspective 
· Agreement: 
· RAN4 to evaluate the required tolerance of the phase continuity and amplitude consistency from link performance simulation:
· RAN4 to provide simulation assumption in the next meeting
· Initial simulation result is also encouraged to be provided in the next meeting
In this paper, we present our view on the simulation assumption of phase discontinuity tolerance.
Discussion
In this contribution, we discuss simulation assumption relating to enable joint channel estimation according to the coverage enhancement work item objectives [2]:
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]

In the following sections, we first consider high level aspects of link level simulations used to characterize phase discontinuity tolerance, including impairments and simulation methodology, as well as detailed simulation setups targeting the most relevant use cases for coverage enhancement.
Impairment modeling and simulation methodology

RAN4 has sent the question on the scenario to be investigated for phase discontinuity tolerance. In LS reply from RAN1[4], the scenarios are listed below:
For PUSCH transmission, the following use cases are considered in RAN1. Among the following cases, RAN1 suggest RAN4 to deprioritize use case 5a for PUSCH transmission.
Ÿ   Use case 1: back-to-back PUSCH transmissions within one slot.
Ÿ   Use case 2: non-back-to-back PUSCH transmissions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUSCH transmissions
‐   Use case 2b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 3: back-to-back PUSCH transmissions across consecutive slots.
�   Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
‐   Use case 4a: no uplink transmission in the middle of two PUSCH transmissions
‐   Use case 4b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 5: PUSCH transmissions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUSCH transmissions 
‐   Use case 5b: other uplink transmissions in the middle of two PUSCH transmissions
For PUCCH repetitions, the following use cases are considered in RAN1. Among the following cases, RAN1 suggest RAN4 to prioritize the study on use case 3, 4a, 4b, and 5b for PUCCH repetitions. 
Ÿ   Use case 1: back-to-back PUCCH repetitions within one slot.
Ÿ   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 
�   Use case 3: back-to-back PUCCH repetitions across consecutive slots.
�   Use case 4: non-back-to-back PUCCH repetitions across consecutive slots.
‐   Use 4a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use 4b: other uplink transmissions in the middle of two PUCCH repetitions 
�   Use case 5: PUCCH repetitions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
‐   Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions

The above scenarios need to be modelled in the link level simulation. The different phase distortion behaviour will be expected for different use case. For example, the back-to-back transmission repetitions across consecutive slots means that the power amplifier would be continuously transmitting and thus there is no phase discontinuity coming from the PA RF block. For non-back-to-back transmission repetitions, there may be phase discontinuity coming from PA depending on how long the un-scheduled symbol between two repetition and whether the PA gain setting is constant for two repetition transmission. To map the different use case to the simulation scenario, RAN4 need to model the phase distortion at RF transmitter and map the different use case to the simulation parameter.
To model the phase discontinuity tolerance in link level simulation, the phase distortion caused by different RF blocks is modelled and characterized in our companion paper [3], the three different phase distortion on the baseband signal is modelled and illustrated in Figure 1:
1. Phase noise and frequency offset from the local oscillator
2. AM-PM phase distortion caused by PA non-linearity operation 
3. One-time phase change caused by RF tuning when switching between different band transmission



Figure 1: phase distortion modelling on the baseband signal 
For the phase noise model, the model in TR38.808, section 4.2.3.1 could be used. The model is for 70GHz, but it can be scaled to other frequencies by adding 20*log(f/70GHz). . For the frequency error, it models the residual frequency error from the frequency tracking using the SSB signal. As in the coverage enhancement scenario, the received signal is weak, so in worst case, the residual frequency error should be bounded by the frequency error requirement which is 0.1ppm. 
Proposal-1: Further discuss the need for a phase noise model in joint channel estimation simulations.  If one is needed, use the TR38.808 section 4.2.3.1 for phase noise model with a scaled factor for concerned frequency  and 0.1ppm for the frequency error as simulation assumption.
For the magnitude of AM-PM phase distortion from the PA, it could be discussed if different ranges could be applied to account for different use cases:
1. back-to-back PUSCH/PUCCH transmissions within one slots
2. non-back-to-back PUSCH/PUCCH transmissions within one slots.
3. back-to-back PUSCH/PUCCH transmissions across consecutive slots
4. non-back-to-back PUSCH/PUCCH transmissions across consecutive slots.
5. non-back-to-back PUSCH/PUCCH transmissions across non- consecutive slots.
Furthermore, a model of the phase distortion in link level simulation is needed to evaluate the phase discontinuity tolerance.  
Proposal-2: RAN4 discuss modelling of AM-PM phase distortion and if further differentiation on the magnitude of AM-PM phase distortion mapped to different use case above.
For the one-time phase distortion due to RF tuning, RAN4 may ignore this if the different band operation would not apply or other conditions causing the RF tuning are not valid between the PUSCH repetition transmission.
Proposal-3: Further discussion on whether the RF tuning phase distortion could be considered in the simulation.
In TR 38.830, the link level simulation assumption is listed in Annex A.1 for FR1 and Annex A.2 for FR2, however, there is no parameter reflecting RF impairment in the link level simulation. Therefore, RAN4 need agreement on the modelling of the phase distortion in transceiver and also to model the phase discontinuity tolerance as parameter in the simulation assumption. This could happen in parallel with the JCE LLS as in JCE simulation, phase discontinuity tolerance with different value would be simulated and in the end, there is a need to map the total phase discontinuity tolerance with budget on different phase error source. The JCE simulation results in TR 38.830 provided by companies may not consider the phase distortion caused at UE transmitter. For the simulation parameters other than phase distortion, the annex in A.1 and A.2 in TR 38.830 could be based for RAN4 link level simulation.
Observation#1: There were no RF impairments in the simulation assumptions in TR 38.830.
Observation#2: The simulation assumptions other than RF impairment could be based on simulation assumption in TR38.830.
1. To investigate how the different phase distortion sources impact the JCE gain, the simulation could be done at different cases considering the factors impacting the Phase Discontinuity Tolerance (PDT) as below: No phase distortion as baseline (phase continuity and PDT =0 degree)
2. Phase noise for FR2
3. CFO (fixed value, case 1: the same frequency error cross repetition transmission; case 2: the different frequency error across repetition transmission)
4. PDT with different STD value (random value with standard deviation )
The question is that how to set the performance limit on the phase discontinuity tolerance. The JCE gain in TR 38.830 from 15 companies varies from 0.3 to 2 dB and it will be difficult to set the hard limit on the SNR loss in RAN4 study and it seems the best is to set the relative SNR loss compared the each company’s own JCE gain. 
Observation#3: the JCE gain is different from different companies and then it is difficult to set universal performance limit on the SNR loss for RAN4 study.
Proposal-4: Further discussion on above cases in simulation assumption to settle the  link level simulation scope.
Proposal-5: RAN4 need to discuss how to set a performance limit on the phase discontinuity tolerance. Relative SNR loss to each company’s own JCE gain could be one approach.
Scenarios, link level parameters, and phase tolerance characterization
TR 38.830 considered a wide variety of use cases and scenarios, including data rates as low as 16 kbps (for VoIP) or as high as 5 Mbps (for eMBB data at 30 GHz).  Since the main benefits of joint channel estimation are likely to be for relatively low average data rate, and given its importance to operators, VoIP configurations are a reasonable starting point to use to develop requirements for joint channel estimation.  The VoIP configurations from 38.830 can be refined to further narrow down options and to include impairments.  We suggest the following setups:
Table 1: Link simulation parameters for joint channel estimation on PUSCH, for TDD at 4 GHz
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 273 PRBs BWP size

	UE speed
	· 3, [30] km/h

	Format, Payload,  Tx scheme
	· MCS 4, 4 PRBs, 14 symbols
· 2 DMRS symbols per slot
· Up to 7 (actual) repetitions (i.e. 8 total transmissions), no re-transmissions
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (400 Hz) 
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T4R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 2: Link simulation parameters for joint channel estimation on PUSCH, for FDD at 700 MHz
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 106 PRBs BWP size

	UE speed
	· 3 km/h or 120 km/h

	Format, Payload,  Tx scheme
	· MCS 4, 4 PRBs, 14 symbols
· 2 DMRS symbols per slot
· Up to 7 (actual) repetitions (i.e. 8 total transmissions), no re-transmissions
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (70 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 3: Link simulation parameters for joint channel estimation on PUSCH, for TDD at 28 GHz
	System
	· Carrier frequency 28GHz
· 120 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 66 PRBs BWP size

	UE speed
	· 3 km/h

	Format, Payload,  Tx scheme
	· MCS 4, 4 PRBs, 14 symbols
· 2 DMRS symbols per slot
· Up to 7 (actual) repetitions (i.e. 8 total transmissions), no re-transmissions
· With or without frequency hopping
· PT-RS not configured

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

	Impairments
	· 0.10 ppm CFO (2800 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 4: Link simulation parameters for joint channel estimation on PUCCH, for TDD at 4 GHz
	System
	· Carrier frequency 4 GHz
· 30 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 273 PRBs BWP size

	UE speed
	· 3, [30] km/h

	Format, Payload,  Tx scheme
	· 11 (6 part_1 + 5 part_2) bits for wideband CSI feedback for 4Rx
· 14 symbol PUCCH format 3 with 1 PRB and 4 DMRS symbols per slot
· Up to 7 repetitions (i.e. 8 total transmissions) 
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (400 Hz) 
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T4R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 5: Link simulation parameters for joint channel estimation on PUCCH, for FDD at 700 MHz
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· 106 PRBs BWP size

	UE speed
	· 3 km/h or 120 km/h

	Format, Payload,  Tx scheme
	· 11 (6 part_1 + 5 part_2) bits for wideband CSI feedback for 4Rx
· 14 symbol PUCCH format 3 with 1 PRB and 4 DMRS symbols per slot
· Up to 7 repetitions (i.e. 8 total transmissions)
· With or without frequency hopping

	Channel
	· TDL-C (NLoS), 30 ns or 300 ns delay spread, medium correlation

	Impairments
	· 0.10 ppm CFO (70 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



Table 6: Link simulation parameters for joint channel estimation on PUCCH, for TDD at 28 GHz
	System
	· Carrier frequency 28GHz
· 120 kHz SCS
· TDD, with 1 UL slot or 2 consecutive UL slots
· 66 PRBs BWP size

	UE speed
	· 3 km/h

	Format, Payload,  Tx scheme
	· 11 (6 part_1 + 5 part_2) bits for wideband CSI feedback for 4Rx
· 14 symbol PUCCH format 3 with 1 PRB and 4 DMRS symbols per slot
· Up to 7 repetitions (i.e. 8 total transmissions)
· With or without frequency hopping
· PT-RS not configured

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

	Impairments
	· 0.10 ppm CFO (2800 Hz)
· Phase offset impairment, modelling T.B.D
· Gaussian, std deviation (10°, 20°, 30°, 40°, 50°) can be a starting point
· 

	Antennas
	· 1T2R

	Receiver
	· Practical (delay spread, CFO, etc not known to receiver)
· Other cases optional, e.g. for gains under ideal conditions



As an illustration of how such simulation setups can be used to investigate what amounts of phase offsets can be tolerated, some initial simulations were performed where varying amounts of random relative phase error is introduced between PUSCH repetitions. Figure 2 shows the performance for a range of different random wideband phase offsets, using parameters according to Table 1, where frequency hopping is not used and PUSCH is repeated 8 times. For these initial evaluations, it was assumed that the phase offset angles between consecutive UL slots are Gaussian-distributed with a standard deviation as indicated in the figure legend. The relative slot timing is assumed known.  The phase offsets can thus be described as a one-dimensional random walk with a Gaussian-distributed step size. According to the figure, a phase offset up to about 20° seems not to have a major impact on performance. 
Observation #4: Joint channel estimation can perform well if the phase offsets between PUSCH repetitions are not too large (e.g. phase offsets up to in the order of 20° between consecutive slots in the simulated scenario).

[image: ]
[bookmark: _Ref68024646]Figure 2. BLER performance with small/moderate phase offsets, with 30 ns delay spread
Proposal-6: Link level simulations of VoIP traffic with PUSCH repetition are used to characterize phase discontinuity tolerance in joint channel estimation for PUSCH, according to Tables 1-3.
Proposal-7: Link level simulations of PUCCH format 3 with 11 bit payload are used to characterize phase discontinuity tolerance in joint channel estimation for PUCCH, according to Tables 4-6.
Conclusions
In this contribution, the link level simulation assumption is discussed for phase discontinuity tolerance study on JCE with below proposal:
Proposal-1: Further discuss the need for a phase noise model in joint channel estimation simulations.  If one is needed, use the TR38.808 section 4.2.3.1 for phase noise model with a scaled factor for concerned frequency  and 0.1ppm for the frequency error as simulation assumption.
Proposal-2: RAN4 discuss modelling of AM-PM phase distortion and if further differentiation on the magnitude of AM-PM phase distortion mapped to different use case above.
Proposal-3: Further discussion on whether the RF tuning phase distortion could be considered in the simulation.
Observation#1: There were no RF impairments in the simulation assumptions in TR 38.830.
Observation#2: The simulation assumptions other than RF impairment could be based on simulation assumption in TR38.830.
Observation#3: the JCE gain is different from different companies and then it is difficult to set universal performance limit on the SNR loss for RAN4 study.
Proposal-4: Further discussion on above cases in simulation assumption to settle the  link level simulation scope.
Proposal-5: RAN4 need to discuss how to set a performance limit on the phase discontinuity tolerance. Relative SNR loss to each company’s own JCE gain could be one approach.
Observation #4: Joint channel estimation can perform well if the phase offsets between PUSCH repetitions are not too large (e.g. phase offsets up to in the order of 20° between consecutive slots in the simulated scenario).
Proposal-6: Link level simulations of VoIP traffic with PUSCH repetition are used to characterize phase discontinuity tolerance in joint channel estimation for PUSCH, according to Tables 1-3.
Proposal-7: Link level simulations of PUCCH format 3 with 11 bit payload are used to characterize phase discontinuity tolerance in joint channel estimation for PUCCH, according to Tables 4-6.
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