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Introduction
In the last RAN4 meeting, there were extensive discussions on phase discontinuity for NR coverage enhancement and reply LS [2] has been sent back to RAN1. However there are also some remaining open issues as listed in WF [1] left for further discussions, therefore in this contribution, we want to share some initial considerations for the further progress.
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2.1. Non-zero un-scheduled gap
For non-zero unscheduled gap, the following issues needs further discussion.
· Whether off power requirement can be met on the un-scheduled symbols
· The length of non-zero un-scheduled gap
In the last meeting, the feasibility of phase continuity and power consistency for non-zero un-scheduled gap case for a gap less than 14 symbols was confirmed when UE is not required to meet the existing off power requirements. Based on our understandings, during the non-scheduled gap, there are different approaches to simulate OFF status at UE side. E.g. 1) to keep PA operating point unchanged and PLL configuration unchanged and set power level of baseband at very low level to simulate the OFF status;
2) to keep PA operating point unchanged and PLL configuration unchanged and set the power level of Tx chain as same as previous PUCCH/PUSCH transmission and set the attenuator if applicable as maximum level to simulate the OFF status.
The cons of the above two approaches would introduce additional hardware implementation efforts, however with these approaches, UE OFF power could be still guaranteed which would well protect other surrounding UE’s receiver performance if there are downlink symbols in-between different repetitions. 
If exceptions for OFF power are allowed during non-zero unscheduled, then as mentioned before, other surrounding UE’s receiver performance cannot be guaranteed if there are downlink symbols scheduled in-between different PUSCH/PUCCH repetitions. Even if there are no downlink symbols scheduled in between different repetitions, then UE to transmit signal without network scheduling will also increase the harmful and unnecessary co-channel interference.

Based on the above considerations, OFF power requirement for non-zero un-scheduled gap should still be guaranteed, however considering the less measurement time for OFF power compared with Rel-15/16, then some extended testing uncertainty would be considered in RAN5.
Proposal 1: OFF power requirement for non-zero un-scheduled gap should still be guaranteed and some extended testing uncertainty could be considered due to less measurement time compared with Rel-15/16.
Regarding the length of non-zero un-scheduled gap, we think this could be up to 14 symbols during which phase continuity and power consistency could be still maintained. 
Proposal 2: the length of non-zero un-scheduled gap could be up to 14 symbols;
2.2. Non-zero gap with other signals/channels for the UE
	Whether phase continuity can be maintained if the other signals/channels power in-between the repetitions can be different with the power of repetition or if PRB content of the channels/signals in between can be different 



For the above scenarios for other signals different from repetitions, we understand that this might be beneficial for SRS or PUCCH transmissions in-between PUSCH transmissions, however what’s exact UE behavior during the guard period is unknown and whether the remaining symbols except guard period during non-zero gap could accommodate other signals is not clear. In addition, if some phase error might be introduced randomly instead of with regular phase shift, then it might be also not possible to recover the phase continuity after different signal transmissions during non-zero gap.
Proposal 3: not consider non-zero gap with other signals/channels with different configurations (e.g. power, PRB content) for UE in Rel-17.
2.3. Required tolerance of the phase continuity and amplitude consistency
In the last RAN4 meeting, the majority of interested companies support to have some LLS to evaluate the acceptable tolerance from network performance perspective. Therefore in this contribution, the following scenarios are evaluated to check the impacts of phase discontinuity and power inconsistency on the gNB performance and detailed simulation assumptions are listed in Annex 5.
Table 1. evaluation cases for phase continuity and power consistency
	Scenario 
	Configurations
	Note

	Case 1:
Phase discontinuity across different repetitions
	700MHz/4GHz, 2 repetition, 
Baseline: 0
Relative Phase error:10: 20: 150

	Relative phase discontinuity is added on top of 2nd transmission repetition




Figure 1. The performance impact of phase error on joint channel estimation for PUSCH for 700MHz 

Figure 2. The performance impact of phase error on joint channel estimation for PUSCH for 4GHz 

Based on initial simulation results in Figure 1/2, it can be found that 150o phase error will cause significant performance degradation, the acceptable phase error between different repetitions should be within 10o-30o. [Simulation results for 4GHz will be added later]
Proposal 4: propose the phase error between different repetitions within 10o-30o.
Table 2. evaluation cases for the power consistency
	Scenario 
	Configurations
	Note

	Case 2:
Power inconsistency across different repetitions

	700MHz/4GHz, 2 repetition,
Baseline : 0
Relative Amplitude error: 0: 0.5: 2dB
	Relative power inconsistency is added on top of 2nd transmission repetition
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Figure 3. The performance impact of amplitude error on gNB receiver performance for 700MHz 

Figure 4. The performance impact of amplitude error on gNB receiver performance for 4GHz

Based on initial simulation results in Figure 3/4, it can be found that 0.5dB amplitude error will also cause significant performance degradation (e..g at least 1.5-2dB deterioration @10% BLER), the acceptable phase error between different repetitions should be less than 0.5dB. [Simulation results for 4GHz will be added later]
Proposal 5: propose the amplitude error between different repetitions less than 0.5dB.
Conclusion
In this contribution, we shared some further analysis on the remaining open issues listed in the approved WF [1] and some proposals and observations are made as following:
Proposal 1: OFF power requirement for non-zero un-scheduled gap should still be guaranteed and some extended testing uncertainty could be considered due to less measurement time compared with Rel-15/16.
Proposal 2: the length of non-zero un-scheduled gap could be up to 14 symbols;
Proposal 3: not consider non-zero gap with other signals/channels with different configurations (e.g. power, PRB content) for UE in Rel-17.
Proposal 4: to propose the phase error between different repetitions within 10o-30o.
Proposal 5: to propose the amplitude error between different repetitions less than 0.5dB.
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Annex: Simulation assumptions
Table A-2 Simulation assumption for phase tolerance level and amplitude tolerance level
	Parameters
	Values

	Scenario
	Urban , O2I
	Rural, O2I

	Duplexing scheme and frequency
	4GHz TDD 
	700MHz FDD

	Frame structure for TDD
	DDDSUDDSUU (S: 10D:2G:2U) for 4GHz 

	Transmission bit rate for data channel (bit/s)
	1 Mbps for eMBB
	100 kbps for eMBB

	Subcarrier spacing
	30kHz
	15kHz

	Channel model for link-level simulation
	TDL-C 
	TDL-C

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos

	Delay Spread
	300ns
	300ns

	UE velocity
	3 km/h
	3 km/h for O2I

	Number of RF chains for BS
	4
	4 

	Number of UE antennas
	1 
	1

	Number of RF chains for UE
	1
	1

	Number of occupied RBs
	15
	4

	MCS
	MCS4
	MCS2

	DMRS overhead
	Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data

	Frequency hopping
	Disabled

	Channel estimation
	Practical

	Receiver type
	MMSE

	BLER Target 
	10%  iBLER for eMBB

	Waveform
	DFT-s-OFDM 

	Number of repetitions
	2 repetitions with JCE



700MHz_O2I
Baseline	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	0.94494	0.81702	0.603	0.35375	0.17678	0.08208	0.03624	0.00901	0	Phase error = 10°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	0.95095	0.82201	0.60601	0.36116	0.18779	0.08288	0.03584	0.01001	0.0002	Phase error = 30°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	0.96797	0.85786	0.66106	0.40641	0.21762	0.1031	0.04565	0.01662	0.0008	Phase error = 50°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	0.98839	0.91371	0.76016	0.52953	0.3027	0.15055	0.06446	0.02943	0.00641	0.0004	Phase error = 70°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	0.9996	0.97738	0.88989	0.71932	0.48408	0.26967	0.13173	0.05806	0.02382	0.00521	Phase error = 90°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	0.9998	0.9994	0.98859	0.91211	0.76577	0.54434	0.32272	0.16496	0.07447	0.03303	0.00901	Phase error = 110°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	1	1	1	0.9992	0.98779	0.92232	0.79179	0.58679	0.36316	0.19479	0.09269	0.03884	0.01341	0.0024	Phase error = 130°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	1	1	1	1	1	1	1	1	1	0.99279	0.96817	0.9031	0.77417	0.57377	0.35055	0.15175	0.04024	Phase error = 150°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	7.5	9	10.5	12	13.5	15	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	0.9976	0.26567	0.038	



4GHz_O2I
Baseline	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	0.996	0.96817	0.87387	0.67087	0.39039	0.19259	0.09269	0.04124	0.01441	Phase error = 10°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	0.9962	0.97017	0.88068	0.67948	0.396	0.1964	0.09169	0.04464	0.01381	Phase error = 30°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	0.9986	0.97958	0.90571	0.73754	0.46046	0.23664	0.11552	0.05245	0.01982	Phase error = 50°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	1	0.99339	0.95295	0.84224	0.61762	0.34535	0.16376	0.07968	0.03604	0.00941	Phase error = 70°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	1	0.9996	0.99039	0.94374	0.82022	0.57858	0.31952	0.15375	0.07087	0.02983	Phase error = 90°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	1	1	1	0.996	0.97137	0.88448	0.68769	0.40801	0.199	0.08969	0.03764	Phase error = 110°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	1	1	1	1	1	0.9992	0.99239	0.93574	0.75395	0.41602	0.16537	0.05766	0.01682	Phase error = 130°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	1	1	1	1	1	1	1	1	1	0.9994	0.87347	0.34014	0.08308	0.02082	Phase error = 150°	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	1	1	1	1	1	1	1	1	1	1	0.9996	0.8024	0.20961	0.04685	



4GHz_O2I
Baseline	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0.996	0.96537	0.87247	0.66627	0.3952	0.18899	0.08929	0.04064	0.01281	amplitude error = 0.5dB 	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	1	0.998	0.97477	0.8955	0.72332	0.44645	0.23423	0.10671	0.05185	0.02222	amplitude error = 1dB 	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	1	0.9994	0.98539	0.92172	0.78398	0.51972	0.27748	0.13153	0.06647	0.02883	amplitude error = 1.5dB 	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	1	0.9996	0.99239	0.94635	0.82863	0.59039	0.32973	0.16236	0.07788	0.03584	amplitude error = 2dB 	-15	-13.5	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	1	1	0.99479	0.96036	0.86647	0.66346	0.38979	0.19419	0.09309	0.04404	
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1.

Introduction

In

the

last

RAN4

meeting,

there

were

extensive

discussions

on

p

hase

discontinuity

for

NR

coverage

enhancement

and

reply

LS

[2]

has

been

sent

back

to

RAN1.

However

there

are

also

some

remaining

open

issues

as

listed

in

WF

[1]

left

for

further

discussions,

therefore

in

this

contribution,

we

want

to

share

some

initial

considerations

for

the

further

progress.

2.

Discussion

2.1

.

Non-zero

un-scheduled

gap

For

non-zero

unscheduled

gap,

the

following

issues

needs

further

discussion.

²

Whether

off

power

requirement

can

be

met

on

the

un-scheduled

symbols

²

The

length

of

non-zero

un-scheduled

gap

In

the

last

meeting,

the

feasibility

of

phase

continuity

and

power

consistency

for

non-zero

un-scheduled

gap

case

for

a

gap

less

than

14

symbols

was

confirmed

when

UE

is

not

required

to

meet

the

existing

off

power

requirements.

Based

on

our

understandings,

during

the

non-scheduled

gap,

there

are

different

approaches

to

simulate

OFF

status

at

UE

side.

E.g.

1)

to

keep

PA

operating

point

unchanged

and

PLL

configuration

unchanged

and

set

power

level

of

baseband

at

very

low

level

to

simulate

the

OFF

status;

2)

to

keep

PA

operating

point

unchanged

and

PLL

configuration

unchanged

and

set

the

power

level

of

Tx

chain

as

same

as

previous

PUCCH/PUSCH

transmission

and

set

the

attenuator

if

applicable

as

maximum

level

to

simulate

the

OFF

status.

The

cons

of

the

above

two

approaches

would

introduce

additional

hardware

implementation

efforts,

however

with

these

approaches,

UE

OFF

power

could

be

still

guaranteed

which

would

well

protect

other

surrounding

UE

’

s

receiver

performance

if

there

are

downlink

symbols

in-between

different

repetitions.

If

exceptions

for

OFF

power

are

allowed

during

non-zero

unscheduled,

then

as

mentioned

before,

other

surrounding

UE

’

s

receiver

performance

cannot

be

guaranteed

if

there

are

downlink

symbols

scheduled

in-between

different

PUSCH/PUCCH

repetitions.

Even

if

there

are

no

downlink

symbols

scheduled

in

between

different

repetitions,

then

UE

to

transmit

signal

without

network

scheduling

will

also

increase

the

harmful

and

unnecessary

co-channel

interference.

Based

on

the

above

considerations,

OFF

power

requirement

for

non-zero

un-scheduled

gap

should

still

be

guaranteed,

however

considering

the

less

measurement

time

for

OFF

power

compared

with

Rel-15/16,

then

some

extended

testing

uncertainty

would

be

considered

in

RAN5.

