[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #101-e                                         R4-2119089
Electronic Meeting, November 01-12, 2021

Source: 	Huawei, HiSilicon
Title: 	On phase continuity for multiple transmissions
Agenda Item:	8.18.2.2
Document for:	Approval
Introduction
In the RAN4 #100 e-meeting, the phase continuity for Rel-17 NR coverage enhancement has been extensively discussed as recorded in [1]. Although some progress have been made, there are multiple remaining issues as listed in the WF [2] requiring further study. In this contribution, we would like to share our views regarding the following issues:
	Issue 1-1-2: RF requirements for the non-scheduled gap
Agreement in GTW session: 
Send LS to RAN1 to explain that the 13-symbol is the maximum length and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.
· To clarify work in RAN4, off-power requirement can be further discussed for up to 13 symbols.
· On off power less than 1ms gap
· [bookmark: OLE_LINK155]Option 1: Define new transmit off power for gap symbols explicitly for Rel-17 coverage enhancement case 
· Alt.1: Define a relaxed transmit off power due to shorter measurement period
· Alt.2: Carrier leakage requirement applies for the non-scheduled gap
· FFS how to define carrier leakage requirement with no signal transmitted during the gap
· Option 2: RAN4 do not introduce new transmit off power 
· i.e. no requirement applies during the gap
· Option 3: The existing OFF power level of -50dBm apply for less than 1 ms 
· FFS whether to and how to introduce measurement uncertainty
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
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 
· Definition of the offset
· For each individual slot (0…n) within the bundle, an independent offset is generated and applied.
Issue 1-4-3: Definition of phase continuity tolerance
· [bookmark: OLE_LINK162]Issue A: Definition for the requirements and reference point
· Issue B: Definition of measurement point
· For Issue A and Issue B, encourage companies to further discuss in the next meeting, taking into account the inputs in this meeting.
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.
Issue 1-5-2: If there is a maximum duration, how long is it?
· Option 1: The maximum duration should depend on the interval where the UE does not make frequency adjustment with DL signal
· Alt 1: at least smaller/equal than the configured SSB periodicity
· Alt 2: other DL RS periodicity
· Option 2: Depends on JCE performance considering the phase tolerance and/or gNB frequency offset compensation accuracy during the duration even within a sync periodicity.
· Option 3: Maximum duration length depends on both option 1 and option 2
Issue 1-5-3: What factors determine the maximum duration?
Further discuss on following proposals, and other factor is not precluded
· Proposal 1: Energy efficiency and thermal changes
· Proposal 2: The maximum time the UE not adjusting its frequency/time. 
· Proposal 3: Phase tolerance within the duration 
· Proposal 4: Factors related to the leftover frequency offset across slots, e.g., channel BW 
· Proposal 5: Whether to configure the PT-RS 
· Proposal 6: Clock stability and PA behavior 
Issue 1-5-4: Whether the maximum duration is dependent on the modulation order of transmission?
For modulation orders not higher than QPSK, further discuss whether the maximum duration is dependent on the modulation order of transmission or not?

Issue 1-5-6: Whether the maximum duration is band specific?
FFS on whether maximum duration is FR(frequency range) specific, and/or band specific

Issue 1-5-7: Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration
FFS with following options:
· Option 1: Yes
· Option 2: Subject to a single maximum duration
· Option 3: Needs further discussion 
[bookmark: OLE_LINK170]Issue 1-6: DL slot(s) in-between repetition
· For the case of “with DL reception (including monitoring and/or measurements)”:
· [bookmark: OLE_LINK174]Alt 1: This case will not be discussed in RAN4 anymore in Rel-17, FFS for future release
· Alt 2: other method
· UE can retune the phase with a gap period to maintain the phase continuity (R4-2112889)
· UE can use separate Tx/Rx antennas to maintain the phase continuity (R4-2112889)
· UE can meet the to-be-defined phase/amplitude discontinuity tolerance requirement with some design
· For the case of “without actual DL transmission from gNB to UE and without DL monitoring”:
· Hold on the discussion till we receive the response from RAN1.


What’s more, the further reply to the question in RAN1 reply LS [3] will be provided.
Discussion
Non-zero unscheduled gap
It was agreed in the last meeting that the maximum unscheduled gap between two repetitions is 13OS. Since the UE may not switch off some of the RF components in order to keep the phase continuity, RAN4 may need to clarify on the transmit OFF power and/or transmit ON/OFF time mask.
In current TS 38.101-1, the definition of the measurement and limitation of transmit OFF power is cited as below:
	[bookmark: _Toc21344288][bookmark: _Toc29801774][bookmark: _Toc29802198][bookmark: _Toc29802823][bookmark: _Toc36107565][bookmark: _Toc37251331][bookmark: _Toc45888162][bookmark: _Toc45888761][bookmark: _Toc59650063][bookmark: _Toc61357327][bookmark: _Toc61359101]6.3.2	Transmit OFF power
Transmit OFF power is defined as the mean power in the channel bandwidth when the transmitter is OFF. The transmitter is considered OFF when the UE is not allowed to transmit on any of its ports..
The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1 ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.2-1.
Table 6.3.2-1: Transmit OFF power
	Channel bandwidth
(MHz)
	Transmit OFF power
(dBm)
	Measurement bandwidth
(MHz)

	5
	-50
	4.515

	10
	-50
	9.375

	15
	-50
	14.235

	20
	-50
	19.095

	25
	-50
	23.955

	30
	-50
	28.815

	40
	-50
	38.895

	50
	-50
	48.615

	60
	-50
	58.35

	70
	-50
	68.07

	80
	-50
	78.15

	90
	-50
	88.23

	100
	-50
	98.31





Apparently, the measurement gap <=13OS which is specifically for CE topic alone with the transmit OFF power limitation is not defined. In our thinking, one simple solution is introduce no new requirement for this scenario at all and leave it to the UE implementation. Alternatively, a clear limitation on transmit OFF power like -50dBm-10log(X/1ms) can be defined, where X is the actual duration of the unscheduled gap in millisecond.
Proposal 1: Down select between 2 options for the <1ms transmit OFF power clarification:
· Option 1: RAN4 clarifies that no new requirement will be introduced on this issue, the transmit OFF power is only measured within the time duration at least 1ms.
· Option 2: Define -50dBm-10log(X/1ms) as the requirement for transmit OFF power within <1ms time duration, where X is the unscheduled gap between two repetitions for JCE in millisecond. 
Note that between two repetitions, there would be on-off and off-on transitions on the unscheduled symbols and the transmit OFF power limitation cannot be met by UE, thus it is defined that such 10us transient period is not considered into the measurement of the OFF power:
	The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1 ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.2-1.


For 15kHz/30kHz SCS, 1OS unscheduled gap length (around 70us/35us) is enough for the switches (2 x 10us). But for 60kHz SCS, at least 2OS gap can meet the transient period.
Observation 1: For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions.
Similarly, we have two options for 60kHz SCS:
· Option 1: For 60kHz SCS, if the unscheduled gap is less than 2OS, then transmit OFF power is not required during the gap.
· Option 2: For 60kHz SCS, the unscheduled gap should be at least 2OS.
Proposal 2: Down select between 2 options for the 60kHz SCS if new transmit OFF power requirements for <1ms unscheduled gap will be introduced:
· Option 1: The minimum length of non-zero unscheduled gap is 2OS.
· Option 2: If the length of non-zero unscheduled gap is less than 2OS, the transmit OFF power requirement is not required, otherwise it is required to be met by UE.
TA adjustment impact
For network commanded TA adjustments, it was agreed in the last meeting that it should be avoided:
	Issue 1-3-1: For network commanded TA adjustment
Agreement in GTW: TA adjustments should be avoided across the PUSCH/PUCCH transmissions (i.e., from starting the first transmission until the end of repetition) for joint channel estimation.


For UE autonomous adjustment, although in TS 38.133, the max adjustment and speed are defined, how UE conduct the autonomous adjustment is up to UE implementation. Thus, we feel the phase offset caused by autonomous adjustments could be considered as one part of phase tolerance and still leave it to the implementation.    
Proposal 3: Whether to conduct autonomous TA adjustments is up to UE implementation, and the phase offset caused by such adjustment should not exceed the phase tolerance of JCE.
Simulation results on the phase discontinuity tolerance and amplitude consistency
During the last two RAN4 meetings, simulation assumptions for the evaluation of the impact of phase discontinuity and amplitude consistency were initially discussed. As recorded in [2], some key assumptions are converged as below:
	Model of phase variation
· Down select Model of explicit phase offset between option 1 and option 2
· Option 1: Gaussian, std deviation 
· Option 2: uniform distribution 
· Definition of the offset
· For each individual slot (0…n) within the bundle, an independent offset is generated and applied.
Phase continuity tolerance
· On phase continuity tolerance initial thoughts based on simulation results
· 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
· DMRS configuration per slot
· Modulation order: focus on Pi/2 BPSK (PUCCH/PUSCH), QPSK (PUCCH/PUSCH), BPSK (PUCCH)
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 
· Option 4: Reuse existing power consistency requirements defined in RAN4 spec.
· 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
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.


From our thinking, frequency/phase turbulence is a general issue regardless JCE is enabled or not and BS receiver could estimate and compensate for that turbulence like per slot. Thus, the basic simulation assumption could be full compensation of CFO.
Proposal 4: Assuming full compensation of CFO at the BS receiver for the evaluation of the impact of phase discontinuity to JCE.
Based on the RAN1 discussion history of coverage enhancement, we pick a typical scenario to evaluate the impact of phase discontinuity and power inconsistency on the PUSCH demodulation performance. Detailed assumptions are listed in the following table.
Table 1. Simulation assumptions for phase continuity and power
	Duplex Mode
	FDD

	Carrier Frequency
	700MHz

	UE Velocity
	3km/h

	Channel
	TDL-C 300ns

	SCS & Bandwidth
	15kHz 10MHz

	Tx/Rx
	1T2R Low correlation

	DMRS configuration
	Type I Front-loaded & additional (Pos 2, 10)

	Waveform
	DFT-s-OFDM

	Scheduling RB and OFDM symbol
	4RB 14OS

	MCS
	0 (QPSK 120/1024)

	Repetition number
	2/4/8

	JCE bundling
	2/4/8

	Phase discontinuity model
	Uniform distribution [-40o, 40o]

	Amplitude inconsistency model
	Uniform distribution [-2dB, 2dB]

	Note
	Relative phase/power offset is added on top of each repetition except the first trans

	Metric
	PUSCH BLER


Proposal 5: Adopt the simulation assumptions in Table 1 for the evaluation of the impact of phase discontinuity and power inconsistency to JCE.
[image: ]
Figure 1. The impact of phase discontinuity on JCE for PUSCH
As depicted in Figure 1, when the number of slot bundling for JCE is two, the performance degrades 0.1~0.2dB after U(-40o, 40o) phase offset is applied. As the number of slot bundling for JCE increased, the performance degradation becomes a bit more serious. The degradation is still acceptable when JCE bundling size is 4, since the gain between JCE bundling size 4 and 2 is not offset by it. When the JCE bundling size is 8, the JCE gain is very limited comparing to the JCE bundling size 4 considering the phase offset. Thus gNB may not choose to schedule large number of JCE bundling size when it observes severe phase discontinuity.
Observation 2: The performance degradation due to phase error becomes serious as the JCE bundling size becomes large.
· When the JCE bundling size is 2 or 4 slots, the performance degradation is 0.1~0.2dB.
· When the JCE bundling size is 8 slots, the performance degradation is 0.5dB.                                                                   
As for the different UL channel, we feel there is no need to introduce different phase tolerance since the Tx/Rx hardware implementation is not quite different between PUSCH and PUCCH. There is also no need to differentiate between different modulation orders, due to the fact that it is more robust for the BPSK and Pi/2-BPSK demodulation than QPSK. Therefore, we would like to propose a unify phase tolerance for JCE.
Proposal 6: Define the phase offset of each repetition consisting the JCE bundle as follow:
· The phase offset should be the leftover phase offset after the compensation of BS receiver side.
· The phase offset subject to uniform distribution (-40o, 40o).
[image: ]
Figure 2. The impact of phase discontinuity and amplitude inconsistency on JCE for PUSCH
As we can see from the Figure 2, although the amplitude offset subjected to U(-2dB, 2dB) is added on top of the phase offset, the extra degradation is negligible. Consequently, we think either define an amplitude inconsistency tolerance or not is fine.
Proposal 7: Down select between the following two options for the amplitude inconsistency:
· Define the amplitude offset of each repetition consisting the JCE bundle subject to uniform distribution (-2dB, 2dB).
· Not specify the requirement for the amplitude offset if companies can reach the consensus on that the impact of it is negligible.
Anyway, in order to guarantee the gain of this feature, gNB should schedule a logical JCE bundling size, during which the UE needs to keep the phase/amplitude consistency within a pre-defined tolerance range. Besides, gNB should implement algorithm specific to JCE to estimate and compensate at least for the phase offset between each repetitions within the JCE bundling.
Observation 3: In order to guarantee the gain of this feature, gNB should schedule a logical JCE bundling size, during which the UE needs to keep the phase/amplitude consistency within a pre-defined tolerance range. Besides, gNB should implement algorithm specific to JCE to estimate and compensate at least for the phase offset between each repetitions within the JCE bundling.
Reply to the question in RAN1 LS reply
RAN1 question is copied as below:	
	In RAN1 understanding, regarding to the “downlink reception”, there are actually three scenarios: 
· Scenario 1: downlink or flexible symbols with actual DL transmission from gNB to UE, with/without DL monitoring occasion configured
· Scenario 2: downlink or flexible symbols without actual DL transmission from gNB to UE, but with DL monitoring occasion configured
· Scenario 3: downlink or flexible symbols without DL monitoring occasion configured
For scenario 1, one example is that PDSCH is actually transmitted on DL symbols. For scenario 2, one example is that a PDCCH monitoring occasion is configured, but gNB does not send PDCCH actually on the PDCCH monitoring occasion.  For scenario 3, one example is that some symbols are indicated (e.g., by tdd-UL-DL-ConfigurationCommon) as DL symbols, but neither PDCCH monitoring occasion is configured nor PDSCH is transmitted on those DL symbols.  
RAN1 understand that, the “downlink reception” in RAN4 reply LS R4-2103393 covers scenario 1 and scenario 2 already. The question “whether ‘downlink reception’ include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring” that RAN1 asking to RAN4 in R1-2104119 simply means the following
· [bookmark: _Hlk80305082]In additional to scenario 1 and 2, does the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further include scenario 3?  


For this scenario, which has no real DL service and no DL monitoring occasions configured between the gap, we think UE could keep some part of the RF components on to maintain the phase continuity, and the “No downlink reception in-between the PUSCH or PUCCH repetition” should be satisfied for sure. However, in case UE can meet off power requirement on the DL slot(s) without real DL service and DL monitoring occasions configured, on-off and off-on time mask definition is needed.
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Proposal 8: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. Additional on-off and off-on time mask definition is needed. 
Proposal 9: The reply to question in RAN1 LS reply (R1-2108458) is drafted as below:
In additional to scenario 1 and 2, the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further includes scenario 3.
Conclusion
In this contribution we discussed on the open issues on phase continuity for coverage enhancement, according to the analysis, we have the following observations and proposals: 
Observation 1: For 60kHz SCS, unscheduled gap with 1OS length is not sufficient for on-off and off-on transitions.
Observation 2: The performance degradation due to phase error becomes serious as the JCE bundling size becomes large.
· When the JCE bundling size is 2 or 4 slots, the performance degradation is 0.1~0.2dB.
When the JCE bundling size is 8 slots, the performance degradation is 0.5dB.
Observation 3: In order to guarantee the gain of this feature, gNB should schedule a logical JCE bundling size, during which the UE needs to keep the phase/amplitude consistency within a pre-defined tolerance range. Besides, gNB should implement algorithm specific to JCE to estimate and compensate at least for the phase offset between each repetitions within the JCE bundling.
Proposal 1: Down select between 2 options for the <1ms transmit OFF power clarification:
· Option 1: RAN4 clarifies that no new requirement will be introduced on this issue, the transmit OFF power is only measured within the time duration at least 1ms.
· Option 2: Define -50dBm-10log(X/1ms) as the requirement for transmit OFF power within <1ms time duration, where X is the unscheduled gap between two repetitions for JCE in millisecond. 
Proposal 2: Down select between 2 options for the 60kHz SCS if new transmit OFF power requirements for <1ms unscheduled gap will be introduced:
· Option 1: The minimum length of non-zero unscheduled gap is 2OS.
· Option 2: If the length of non-zero unscheduled gap is less than 2OS, the transmit OFF power requirement is not required, otherwise it is required to be met by UE.
Proposal 3: Whether to conduct autonomous TA adjustments is up to UE implementation, and the phase offset caused by such adjustment should not exceed the phase tolerance of JCE.
Proposal 4: Assuming full compensation of CFO at the BS receiver for the evaluation of the impact of phase discontinuity to JCE.
Proposal 5: Adopt the simulation assumptions in Table 1 for the evaluation of the impact of phase discontinuity and power inconsistency to JCE.
Proposal 6: Define the phase offset of each repetition consisting the JCE bundle as follow:
· The phase offset should be the leftover phase offset after the compensation of BS receiver side.
· The phase offset subject to uniform distribution (-40o, 40o).
Proposal 7: Down select between the following two options for the amplitude inconsistency:
· Define the amplitude offset of each repetition consisting the JCE bundle subject to uniform distribution (-2dB, 2dB).
· Not specify the requirement for the amplitude offset if companies can reach the consensus on that the impact of it is negligible.
Proposal 8: For DL slots that refers to no real DL service and no DL monitoring occasions configured, phase continuity for PUSCH or PUCCH repetition can be maintained but not recommended. Additional on-off and off-on time mask definition is needed. 
Proposal 9: The reply to question in RAN1 LS reply (R1-2108458) is drafted as below:
In additional to scenario 1 and 2, the “downlink reception” in RAN4 reply LS R4-2103393 (“No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case”) further includes scenario 3.
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