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1 Introduction
In last RAN4#1807 Ad-hoc meeting, UE UL transmission after measurement gap for NR was discussed and related WF[1] was agreed. In this paper, we would like to discuss it based on the WF as well as difference from LTE.

2 Discussion 
In LTE, UE behavior in the uplink subframe occurring immediately after measurement gap was specified for TDD case as following. 

	In the uplink subframe occurring immediately after the measurement gap,

-
if the following conditions are met then it is up to UE implementation whether or not the UE can transmit data:
-
all the serving cells belong to E-UTRAN TDD;

-
if the subframe occurring immediately before the measurement gap is an uplink subframe. 

-
Otherwise the UE shall not transmit any data.

In determining the above UE behaviour in the uplink subframe occurring immediately after the measurement gap the UE shall treat a special subframe as an uplink subframe if the special subframe occurs immediately before the measurement gap


And, from the WF[1], RAN4 agreed the following.

	· RAN4 try to define deterministic UE behavior for UL transmission after measurement gap, i.e. define UE behavior in the way such that network knows whether UE will transmit or not under certain conditions.

· Following aspects should be considered when defining the UE behavior:

· UE measurement time and re-tuning time if UE transmits UL after gap 

· NR measurement being based on SMTC window

· MGTA (measurement gap timing advance) in NR

· Flexible UL/DL assignment of symbols in NR 

· NR symbol length depending on SCS

· UL-DL and DL-UL switching time in NR

Companies are encouraged to bring inputs for RAN4#88


For defining deterministic UE behavior for UL transmission after measurement gap, the difference between NR and LTE should be taken into account. Table 2-1 shows it.
Table 2-1: Difference between NR and LTE
	
	NR
	LTE

	TDD UL-DL configuration
	Symbol-based
	Subframe-based

	SCS(data)
	15kH,30kHz,60kHz,120kHz
	15kHz

	MG timing advance
	0ms, 0.25ms, 0.5ms
	NA

	RF re-tuning time
	0.5ms(FR1). 0.25ms(FR2)
	0.5ms


In LTE TDD, it is up to UE implementation whether or not the UE can transmit data in the uplink subframe occurring immediately after the measurement gap if the subframe occurring immediately before the measurement gap is an uplink subframe. Otherwise, the UE shall not transmit any data. The condition which the subframe occurring immediately before the measurement gap is an uplink subframe is related to which time is based for starting time of the measurement gap. Figure2-1 shows the starting time of measurement gap. One is based on DL time and another is based on UL time. In case of measurement gap based on UL time as seen figure2-1(b), UE can transmit data in the uplink subframe after measurement gap if the condition is met.

In case of measurement gap based on DL time as seen figure2-1(a), UE shall not transmit any data in the uplink subframe after measurement gap.

[image: image1.emf]Reference time

(eNB)

U D D

U

MGL

MGL

U

D U

S

U U

D U U

U

U U

D U U

U

TA

RF Retuning(0.5ms)

RF Retuning(0.5ms)

(a)

(b)


Figure 2-1: Example of UE UL transmission after MG for LTE TDD
In LTE FDD, UE shall not transmit any data in the uplink subframe after measurement gap. The reason, measurement gap is configured based on DL time for FDD like Figure2-2.
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Figure 2-2: Example of UE UL transmission after MG for LTE FDD
For LTE, we can observe starting time of measurement gap as follows.

Observation 1: For LTE TDD, whether starting time of measurement gap is based on DL time or UL time is up to UE implementation.

Observation 2: For LTE FDD, starting time of measurement gap is based on DL time.

We reuse the observation1 and 2 for NR. Additionally, MGTA(measurement gap timing advance) which is new NR parameter is also considered together.
· NR TDD

For NR TDD, 56 slot formats(0~55) are specified based on symbol-based UL-DL configuration. Table2-2 shows the slot formats for normal cyclic prefix for NR TDD.
Table 2-2: Slot formats for normal cyclic prefix for NR TDD
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F

	8
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	9
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	10
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	F
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	17
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	18
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	19
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	20
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	21
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	22
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	23
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	24
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	25
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	26
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	27
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U
	U

	34
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	U

	44
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F
	F
	U
	U

	45
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated and, if any, on detected DCI formats


Figure2-3 shows the example of UE UL transmission after MG which has starting time based on DL time and 3 different MGTA such as 0ms, 0.5ms and 0.25ms for NR TDD. 
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Figure 2-3: Example of UE UL transmission after MG with starting time based on DL time for NR TDD
From Figure2-3, we can see the following UE behavior for measurement gap without adapting TA.
· UE cannot transmit data in the slot occurring immediately after the measurement gap regardless of MGTA considering slot-based schedule.
· Depending on the configured value of MGTA, the slots overlapped with the measurement gap are different but the total slot number overlapped with the measurement is same. 
Figure2-4 shows the example of UE UL transmission after MG which has starting time based on UL time. 
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Figure 2-4: Example of UE UL transmission after MG with starting time based on UL time for NR TDD
From Figure2-4, we can see the following UE behavior for measurement gap adapting TA.

· UE cannot transmit data in the slot occurring immediately after the measurement gap for MGTA of 0.5ms or 0.25ms considering slot-based schedule. 

· UE can transmit data in the slot occurring immediately after the measurement gap for MGTA of 0ms. 

· Comparing the total slot number overlapped with the measurement gap, the MGTA of 0.5ms or 0.25ms has 1 slot more than the MGTA of 0ms.

Here, not transmitting UL data based on slot is inefficient in scheduling point of view. Because, it seems possible to transmit UL data if first UL symbol in the slot occurring immediately is after the measurement gap by considering  different slot formats for NR TDD seen in Table2-2.   For receiving DL data, it also seems possible if last DL symbol in the slot occurring immediately is before the measurement gap.  
Table2-3 shows the slot length, symbol length, DL-UL/UL-DL switching time and RF-retuning time for NR. DL-UL/UL-DL switching time is assumed with 10us for FR1 and 5us for FR2 based on RF requirement of transient time 

Table 2-3: NR slot length, symbol length, DL-UL/UL-DL switching time and RF-retuning time
	
	SCS(data)

(kHz)
	Slot length

(us)
	Symbol length

(us)
	CP length

(us)
	DL-UL / UL-DL 

switching time(us)
	RF-retuning

(us)

	FR1
	15
	1000
	66.67
	4.69
	10
	500

	
	30
	500
	33.33
	2.34
	10
	500

	
	60
	250
	16.67
	1.17
	10
	500

	FR2
	60
	250
	16.67
	1.17
	5
	250

	
	120
	125
	8.33
	0.57
	5
	250


From Table2-3,
· DL-UL or UL-DL switching time is smaller than one symbol duration.
· DL-UL or UL-DL switching time can be ignored because that it is very small comparing with RF re-tuning time.
When considering cell radius of 9km, TA of 60us is calculated from propagation delay of 30us. For example of SCS 120kHz, TA of 60us is about half of slot duration for SCS of 120kHz. So, in case of the measurement gap adapting  MGTA of 0ms and TA of 60us, UE can transmit the UL data in the slot corresponding slot format number  19~33, 43~45 in Table2-2 in which UL data symbol is located in later half slot .  
Figure2-5 shows this example with measurement gap based on DL timing considering UL-DL or DL-UL switching time. 
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 Figure 2-5: Example of UE UL transmission after MG with starting time based on DL time and UL-DL switching time for NR TDD
From Figure2-5, we can see the following UE behaviour for measurement gap adapting MGTA without considering TA.

· UE can receive DL data in the slot occurring immediately before the measurement gap adapting MGTA if the last DL symbol in the slot is not overlapped with the measurement gap. 

· UE can transmit UL data in the slot occurring immediately before the measurement gap adapting MGTA 
· if the last UL symbol after adapting TA in the slot is not overlapped with the measurement gap or

· if the last UL symbol after adapting TA in the slot is UL-DL switching time away from the start of the measurement gap 

· UE can transmit UL data in the slot occurring immediately after the measurement gap adapting MGTA 
· if the first UL symbol after adapting TA in the slot is not overlapped with the measurement gap or

· if the first UL symbol after adapting TA in the slot is DL-UL switching time away from the end of the measurement gap. 

Figure2-6 shows another example with measurement gap based on UL timing considering DL-UL switching time
 
[image: image6.emf]Reference time

(eNB/gNB)

MGL(MGTA = 0.5ms or 0.25ms)

SMTC Duration

MGTA

RF Retuning

D D U

T

DL-UL

TA=2Tp

MGL(MGTA = 0ms)

SMTC Duration

RF Retuning

Tp

D

U

T

DL-UL

D

D

(a)

TA=2Tp

U

T

UL-DL

T

DL-UL

TA=2Tp

(b)

U

T

UL-DL

U

D

TA=2Tp

D


Figure 2-6: Example of UE UL transmission after MG with starting time based on UL time and UL-DL switching time for NR TDD
From Figure2-6, we can see the following UE behaviour for measurement gap adapting MGTA and TA together.

· UE can receive DL data in the slot occurring immediately before the measurement gap adapting MGTA and TA if the last DL symbol in the slot is not overlapped with the measurement gap. 

· UE can transmit UL data in the slot occurring immediately before the measurement gap adapting MGTA and TA 
· if the last UL symbol after adapting TA in the slot is not overlapped with the measurement gap or

· if the last UL symbol after adapting TA in the slot is UL-DL switching time away from the start of the measurement gap
· UE can transmit UL data in the slot occurring immediately after the measurement gap adapting MGTA  and TA

· if the first UL symbol after adapting TA in the slot is not overlapped with the measurement gap or

· if the first UL symbol after adapting TA in the slot is DL-UL switching time away from the end of the measurement gap. 

· NR FDD

Figure2-7 shows the example of UE UL transmission after MG which has starting time based on DL time and 3 different MGTA such as 0ms and 0.5ms for NR FDD. MGTA of 0.25ms is not considered because NR FDD is defined in FR1. 
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Figure 2-7: Example of UE UL transmission after MG with starting time based on DL time for NR FDD
From Figure2-7, we can see the following UE behaviour.

· UE cannot transmit any data in the uplink slot after measurement gap as LTE FDD.
Based on the analysis above, we can see the following observations.
Observation 3: NR TDD has symbol based UL-DL configuration unlike LTE TDD which has subframe based UL-DL configuration. 
Observation 4: When slot is partially overlapped with measurement gap, not transmitting all UL symbol in the slot immediately after the measurement gap is inefficient for all slot formats in NR TDD. 
Observation 5: When slot is partially overlapped with measurement gap, not receiving all DL symbol in the slot immediately before the measurement gap is inefficient for all slot formats in NR TDD. 
Observation 6: DL-UL or UL-DL switching time can be ignored because that it is very small comparing with RF re-tuning time. 
Observation 7: The symbol number which can be transmitted or received is impacted by the UE implementation of measurement gap whether adapting TA or not. It means that possible slot format number for UL transmission or DL receiving can be different due to UE implementation of the measurement gap.
From the observations, we propose as follows for UE behavior of UL transmission and DL reception related to measurement gap for NR.
Proposal 1: For NR TDD, symbol based UL-DL configuration should be considered for UE behavior in the slot immediately before/after measurement gap.

Proposal 2: Whether TA applies to measurement gap or not is up to UE implementation.

Proposal 3: When only MGTA or both MGTA and TA applies to measurement gap at UE, the following UE behavior in the slot immediately before/after measurement gap should be specified for NR TDD.

· UE is required to conduct reception DL data in the slot occurring immediately before the measurement gap if the last DL symbol in the slot is not overlapped with the measurement gap. 

· UE shall transmit UL data in the slot occurring immediately before the measurement gap if the last UL symbol in the slot is not overlapped with the measurement gap. 

· UE shall transmit UL data in the slot occurring immediately after the measurement gap if the first UL symbol in the slot is not overlapped with the measurement gap.
Based on the proposals, we provide a related draft CR[2]. The content in the draft CR is as follows.

< START OF CHANGE #1 >
9.1.2
Measurement gap

If the UE requires measurement gaps to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells, and the UE does not support independent measurement gap patterns for different frequency ranges as specified in Table 5.1-1 in [18, 19, 20], in order for the requirements in the following subsections to apply the network must provide a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers. 

If the UE requires measurement gaps to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells, and the UE supports independent measurement gap patterns for different frequency ranges as specified in Table 5.1-1 in [18, 19, 20], in order for the requirements in the following subsections to apply the network must provide either  per-FR measurement gap patterns for frequency range where UE requires per-FR measurement gap for concurrent monitoring of all frequency layers of each frequency range independently, or a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers of all frequency ranges.

During the per-UE measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells for NSA except the reception of signals used for RRM measurement

-
is not required to conduct reception/transimssion from/to the corresponding NR serving cells for SA except the reception of signals used for RRM measurement

During the per-FR measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells in the corresponding frequency range for NSA except the reception of signals used for RRM measurement
-
is not required to conduct reception/transmission from/to the corresponding NR serving cells in the corresponding frequency range for SA except the reception of signals used for RRM measurement

UEs shall support the measurement gap patterns listed in Table 9.1.2-1 based on the applicability specified in table 9.1.2-2 and 9.1.2-3. UE determines measurement gap timing based on gap offset configuration and measurement gap timing advance configuration provided by higher layer signalling as specified in [2] and [16].
In the slot occurring immediately before the measurement gap,

-
if the following conditions are met then the UE shall transmit data:
-
all the serving cells belong to NR TDD;

-
if the last UL symbol in the slot is not overlapped with the measurement gap 

-         Otherwise the UE shall not transmit any data
-
if the following conditions are met then the UE is required to conduct reception of data:
-
all the serving cells belong to NR TDD;

-
if the last DL symbol in the slot is not overlapped with the measurement gap 

-         Otherwise the UE is not required to conduct reception of any data
In the slot occurring immediately after the measurement gap,

-
if the following conditions are met then the UE shall transmit data:
-
all the serving cells belong to NR TDD;

-
if the first UL symbol in the slot is not overlapped with the measurement gap 

-         Otherwise the UE shall not transmit any data
< END OF CHANGE #1 >
3 Conclusion
In this paper, we analysed UE behaviour in the slot immediately before/after measurement gap for NR TDD with respect to symbol-based UL-DL configuration, UL-DL/DL-UL switching time, SCS and efficient scheduling. Based on the analysis, we provided the following observations.

Observation 3: NR TDD has symbol based UL-DL configuration unlike LTE TDD which has subframe based UL-DL configuration. 
Observation 4: When slot is partially overlapped with measurement gap, not transmitting all UL symbol in the slot immediately after the measurement gap is inefficient for all slot formats in NR TDD. 
Observation 5: When slot is partially overlapped with measurement gap, not receiving all DL symbol in the slot immediately before the measurement gap is inefficient for all slot formats in NR TDD. 
Observation 6: DL-UL or UL-DL switching time can be ignored because that it is very small comparing with RF re-tuning time. 
Observation 7: The symbol number which can be transmitted or received is impacted by the UE implementation of measurement gap whether adapting TA or not. It means that possible slot format number for UL transmission or DL receiving can be different due to UE implementation of the measurement gap.

From the observations, we propose as follows for UE behavior of UL transmission and DL reception related to measurement gap for NR.

Proposal 1: For NR TDD, symbol based UL-DL configuration should be considered for UE behavior in the slot immediately before/after measurement gap.

Proposal 2: Whether TA applies to measurement gap or not is up to UE implementation.

Proposal 3: When only MGTA or both MGTA and TA applies to measurement gap at UE in addition to measurement gap offset, the following UE behavior in the slot immediately before/after measurement gap should be specified for NR TDD.

· UE is required to conduct reception of DL data in the slot occurring immediately before the measurement gap if the last DL symbol in the slot is not overlapped with the measurement gap. 

· UE shall transmit UL data in the slot occurring immediately before the measurement gap if the last UL symbol in the slot is not overlapped with the measurement gap. 

· UE shall transmit UL data in the slot occurring immediately after the measurement gap if the first UL symbol in the slot is not overlapped with the measurement gap.
Reference
[1] R4-1809406, “WF on UE UL transmission after measurement gap”, Nokia, Nokia Shanghai Bell
[2] R4-18xxxxx, “draft CR on UE behavior in the slot immediately before/after measurement gap”, LG Electronics
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