[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #102-e	R4-2205882
Feb 2022

Title:	Discussion on UE phase continuity requirements

Source:	Qualcomm Incorporated

Agenda item:	10.18.2.2
Release:	Rel-17
Work Item:	NR_cov_enh
Responsible WG:	RAN1

Document for:	Approval
1.   Introduction
IN RAN4#101-Bis-e a WF [19] was agreed. The WF agreed some assumptions for requirement setting for the UE. In summary, the UE requirements will be based on slot by slot channel estimation looking at the phase either referring to the previous slot or the first slot in the bundle. This paper discusses the two candidate options for the phase reference and other aspects in setting requirements for the UE. 
We will also discuss the maximum duration with extended CP.  
2. 	Discussion
2.1	UE behaviour and phase reference in requirements
Phase error in a UE is caused by random processes in the TX chain including PLL randomly locking in one the reference phases after every slot. UE does not have memory of what was the phase of the first slot in the bundle but the random process apply to ethe current state i.e. the reference is to the previous slot.
Proposal 1: The option 2 in [19] with phase of slot n will be referred to slot n-1 when setting the requirements for JCE  
2.2	The amount of phase error
The discussed options (but not agreed) for requirement in WF [19] was made looking at the simulation data with amplitude variation included. Now RAN4 agreed not to specify the amplitude variation [19] but only phase variation so the link simulation results should be looked without any amplitude variation. 
Observation 1: Link simulation results should be analysed reflecting the latest agreements how to set the UE requirements
The 0 dB amplitude variation results were presented in [22], one figure replicated below. Up to 40 degrees, the degradation in needed CINR for same throughput for JCE is less than 1 dB with option 2.  The solid and dashed brown curves show the difference with 8 slot bundles. 
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Figure 1. Increase in required CINR with same phase discontinuity for longer bundles 
Proposal 2: The requirement for phase discontinuity with the agreed assumptions is +/- 40 deg and phase is referred to the previous slot.  	
The agreements in [19] and [20] state that the smallest maximum size of the bundle is 5 and UE requirements will be tested without gaps. What is not agreed if the testing will be done based on UE declared maximum duration.
Observation 2: The phase discontinuity test criteria should be agreed, is it based on maximum declared UE capability or something else? 
2.3	Maximum gap duration with extended CP
RAN4 analysis on maximum duration when UE can maintain phase and amplitude consistency was analysed based on UE ability, as it was worded in the LS [10] asking this. If the time includes gaps or not was not discussed but it was assumed that the maximum gap length in time was the agrees 13 symbols. Having a gap less than a full slot would not force the next symbol in the bundle to start at the end of the slot which may not fit any feasible slot and frame format. The Figure 2 shows some examples and how if the number of PUSCH symbols + number of gap symbols is larger than one slot makes the first PUSCH symbol in the slot drift further. This might be impossible to schedule. 
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Figure 1. Different possible PUSCH+GAP patterns. a) 10 symbol PUSCH + 4 symbol GAP; b) maximum gap: 1 symbol PUSCH + 13 symbol GAP; c) 7 symbol PUSCH + 9 symbol GAP

Observation 3: Sum of scheduled PUSCH/PUCCH symbols with number of GAP symbols should equal = 14. 
If we make the assumption that gap is inclusive in the slot that is scheduled part of the bundle, the total maximum duration in time can be calculated straight from number of slots and SCS. We can therefore tabulate a table:
Table 1. Maximum duration in msec for different numbers of slots and different SCS [msec]
	 
	SCS

	Slots
	15 kHz
	30 kHz
	60 kHz
	60 kHz ECP
	120 kHz

	5
	5.000
	2.500
	1.250
	1.250
	0.625

	8
	8.000
	4.000
	2.000
	2.000
	1.000

	16
	16.000
	8.000
	4.000
	4.000
	2.000

	32
	32.000
	16.000
	8.000
	8.000
	4.000



The RAN1 question if the gap is 11 symbols with extended CP can be analysed as follows. The gap length for 60 kHz is 231.8 usec. The length of 11 symbols with extended CP is 11 x 20.81 usec = 229 usec which is shorter than the 13 symbol gap with normal CP. This also allows the one symbols PUSCH/PUCCH (case b in Figure 2).
Observation 4: The 11 symbol gap with extended CP is shorter than 13 symbol gap with normal CP.  
We can conclude that the maximum duration with the 11 extended symbol gap is shorter than any of the maximum duration for the maximum number of slots in discussion. 
Proposal 3: Respond to RAN1 that the maximum duration with 11 symbols gap with extended CP is within the agreed maximum duration and maximum gap length agreements. 
Conclusion
We discussed, observed and proposed:
Proposal 1: The option 2 with phase of slot n will be referred to slot n-1 when setting the requirements for JCE  
Observation 1: Link simulation results should be analysed reflecting the latest agreements how to set the UE requirements
Proposal 2: The requirement for phase discontinuity with the agreed assumptions is +/- 40 deg and phase is referred to the previous slot.  	
Observation 2: The phase discontinuity test criteria should be agreed, is it based on maximum declared UE capability or something else? 
Observation 3: Sum of scheduled PUSCH/PUCCH symbols with number of GAP symbols should equal = 14. 
Observation 4: The 11 symbol gap with extended CP is shorter than 13 symbol gap with normal CP.  
Proposal 3: Respond to RAN1 that the maximum duration with 11 symbols gap with extended CP is within the agreed maximum duration and maximum gap length agreements. 
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