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Introduction
In the RAN4 #101 e-meeting, the phase continuity for Rel-17 NR coverage enhancement has been extensively discussed as recorded in [1]. While 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 parts of the following issues:
	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.
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.
Issue 1-3-8: Simulation assumptions for phase continuity and power inconsistency
WF recommendation:
· In addition to the parameters agreed in previous RAN4 meetings and agreed under Issue 1-3-1/2/4/5, introduce other parameters for the evaluation:
· 15 kHz and 30kHz for FR1, 60kHz for FR2
Issue 1-4-1: Reference point for phase/amplitude tolerance test
WF recommendation:
· The reference point for phase/amplitude tolerant requirement needs to be defined in annex F.1 in TS 38.101-1.
· FFS on the remaining details.
Issue 1-5-1: What factors determine the maximum duration
Summary of 1st round discussion:
· Option 1: The maximum time the UE not adjusting its frequency/time.
· Option 1A: at least equal to the minimum configured SSB periodicity.
· Option 2: Phase tolerance within the duration.
· Option 3: Channel BW.
WF recommendation:
· Phase and power tolerance within the duration
Issue 1-5-2: How long is the maximum duration
WF recommendation:
· Depend on the outcome of Issue 1-5-1.
· Note: The number of slots for maximum duration means the consecutive slots. In case of non-scheduled gap and/or other channel transmission, the duration of the non-scheduled gap and/or other channel should be counted.
Issue 1-5-4: Whether the length of maximum duration is band specific
WF recommendation:
The length of maximum duration is:
· Option 1: Band specific
· Option 2: FR specific
Issue 1-5-5: 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
Summary of 1st round discussion:
· Option 1: Yes.
· Option 2: Subject to a single maximum duration.
· Define a single maximum duration for a given set of factor(s), and the set of factor(s) depends on the conclusions for the other issues under discussion.
· The support of the feature may associated with capability per band
· Option 3: Needs further discussion 
· Option 4: UE could report the supported value(s)
WF recommendation:
· Down select among the following options once we have the results of the simulations:
· Option 1: Subject to a single maximum duration value.
· The value is defined for a given set of factors which are depends on the conclusion for the other issues under discussion.
· Option 2: Subject to multiple maximum duration value and UE could report the supported value(s).


Discussion
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
· For the model of explicit phase offset, uniform distribution is agreed.
· 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)
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.
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.


According to the WF, firstly, we tried both accumulated and non-accumulated phase offset in the simulation. The remaining simulation setup can be found in our last meeting paper [3]. 
As depicted in Figure 1, when the number of slot bundling for JCE is 12, the performance degrades 0.3dB when U(-30o, 30o) non-accumulated phase offset is applied. As the max range of offset increased to 40o, the performance degradation becomes 0.6dB.
[image: ]
Figure 1. Non-accumulated phase offset on 12 slots bundling JCE for PUSCH
Similar results can be found when the repetition slot number set to 16. As depicted in Figure 2, almost 0.6dB performance degradation appears when U(-40o, 40o) non-accumulated phase offset is applied.
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Figure 2. Non-accumulated phase offset on 16 slots bundling JCE for PUSCH
Observation 1: Similar performance degradation can be observed whether JCE bundling size is 12 slots or 16 slots:
· ~0.3dB due to non-accumulated phase error U(-30o, 30o),
· ~0.6dB due to non-accumulated phase error U(-40o, 40o).
Regarding the accumulated phase offset, the tolerance will be more stringent since there is a possibility that the relative phase of a slot becomes larger than the set range. In Figure 3, we can observe 0.5dB degradation for U(-20o, 20o) accumulated phase offset and 0.2dB degradation for the U(-15o, 15o).   
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Figure 3. Accumulated phase offset on 12 slots bundling JCE for PUSCH
Again, we can find the similar results for 16 slots bundling size as in Figure 4.
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Figure 4. Accumulated phase offset on 16 slots bundling JCE for PUSCH
Observation 2: Similar performance degradation can be observed whether JCE bundling size is 12 slots or 16 slots:
· ~0.2dB due to accumulated phase error U(-15o, 15o),
· ~0.5dB due to accumulated phase error U(-20o, 20o).
As we can see from the Figure 5, although the non-accumulated amplitude offset subjected to U(-3.5dB, 3.5dB) is added on top of the phase offset, the extra degradation is quite limited. 
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Figure 5. Non-accumulated amplitude offset on top of phase offset
Observation 3: Phase shift has greater impacts than the power shift to the JCE performance.
Note that it was agreed to preclude power adjustment (e.g., TPC triggered) within the JCE bundle. So we think the aggregate power tolerance requirement in TS 38.101-1 could be reused for the power tolerance within the max duration: 
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The aggregate power control tolerance is the ability of the UE transmitter to maintain its power in a sub-frame (1 ms) during non-contiguous transmissions within 21 ms in response to 0 dB commands with respect to the first UE transmission and all other power control parameters as specified in TS 38.213 [8] kept constant.
The minimum requirement specified in Table 6.3.4.4-1 apply in the power range bounded by the minimum output power as specified in clause 6.3.1 and the maximum output power as specified in clause 6.2.2.
Table 6.3.4.4-1: Aggregate power tolerance
	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	± 2.5 dB

	0 dB
	PUSCH
	± 3.5 dB





Proposal 1: Reuse the aggregate power tolerance for the power tolerance within the max duration, i.e. ± 2.5 dB for PUCCH and ± 3.5 dB for PUSCH.
For the phase offset requirement within max duration, we propose 30 degree judging from the simulation results in order to achieve more balance between demodulation performance and UE implementation complexity.
Proposal 2: The phase tolerance within the max duration should be ± 30 degree.
Last but not the least, since 20ms time window is shared among the three power tolerance requirements and UL MIMO coherence in the spec, we think introduce the same value as the upper bound of max duration is an UE implementation friendly choice, while the JCE gain can be maintained.
Proposal 3: The upper bound of max duration should be 20ms.
How to define the phase continuity and power consistency requirements
During the last meeting, EVM-like definition for the phase & power tolerance was proposed in [4]. While another way is defined the phase and power tolerance separately like the specified UL MIMO coherence capability in TS 38.101-1.
Table 1. Comparison between EVM-like definition and separated definition
	
	Pros
	Cons

	EVM-like definition
(-%)
	Mature test method specification and implementation (still needs further developments for JCE test)
	Hard to distinguish phase offset from power offset while the impacts caused by these two components are not equal

	Separated definition
(x degree + y dB)
	Accurately reflect the requirement of phase offset and power offset
	Detailed test method needs to be provided


In Table 1, we give the comparison between EVM-like definition and separated definition. Note that we can observe (e.g. observation 3) from the simulation results that the phase offset has more impacts on the JCE performance than power offset. If we pick the EVM-like definition, then the phase and power tolerance will be represented by a single percentile value. Considering a special case, one UE can satisfy a certain level of EVM and such EVM is composed of 20% phase shift and 80% power shift, while another UE can also satisfy the same level of EVM but it is composed of 80% phase shift and 20% power shift. Then from the receiver view, the JCE performance is totally different. In addition, we think separate definition is suitable rather than EVM-like definition.    
Proposal 4: Judging from the comparison results in Table 1, we feel separated definition (x degree phase tolerance + y dB power tolerance) is a suitable way rather than EVM-like definition (-%). 
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: Similar performance degradation can be observed whether JCE bundling size is 12 slots or 16 slots:
· ~0.3dB due to non-accumulated phase error U(-30o, 30o),
· ~0.6dB due to non-accumulated phase error U(-40o, 40o).
Observation 2: Similar performance degradation can be observed whether JCE bundling size is 12 slots or 16 slots:
· ~0.2dB due to accumulated phase error U(-15o, 15o),
· ~0.5dB due to accumulated phase error U(-20o, 20o).
Observation 3: Phase shift has greater impacts than the power shift to the JCE performance.
Proposal 1: Reuse the aggregate power tolerance for the power tolerance within the max duration, i.e. ± 2.5 dB for PUCCH and ± 3.5 dB for PUSCH.
Proposal 2: The phase tolerance within the max duration should be ± 30 degree.
Proposal 3: The upper bound of max duration should be 20ms.
Proposal 4: Judging from the comparison results in Table 1, we feel separated definition (x degree phase tolerance + y dB power tolerance) is a suitable way rather than EVM-like definition (-%).
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