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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #98BIS-e meetings, RAN4 agreed the priority for V2X operating scenarios in a licensed band and impact of RF requirements. 
In agreed WF, RAN4 consider as following scenarios
· Focus on prioritization on operating scenarios including TDM and FDM.
· 1st priority: TDM (Single RF chain for Tx as baseline)
· 2nd priority: FDM with adjacent carrier (Separate RF chain as baseline)
· 3rd priority: FDM with non-adjacent carrier (Separate RF chain as baseline): deprioritized in Rel-17. NR Uu shall treat the partial usage in a licensed band firstly.
· RAN4 allow TDM operation between spectrally partially used PC5 SL and Uu UL/DL operation in a licensed TDD band regardless of adjacent/ non-adjacent carrier (Option 1 as the majority view in 1st round).

 In this paper, we provide our views on the remaining open issues and expected RF requirements for intra-band on-current V2X operation in a licensed band.
2. Discussion on RF requirements for TDM operation 
In previous RAN4 meeting, RAN4 decided to capture the ON/OFF time mask for TDM operation in same carrier for intra-band con-current operation. And RAN4 need to decide the ON/OFF time mask for  TDM operation in different carrier for intra-band con-current operation based on the baseline RF architecture according to V2X operating scenarios in licensed band.
In here, RAN4 shall consider the priority rule would be used to decide the switching position for TDM operation between NR Uu and NR SL operation based on RAN2 TS38.321 for MAC protocol specification for V2X con-current operation in licensed band as follow for both same carrier and different carriers.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of each NR SL and NR Uu is higher the each threshold, then NR Uplink is high priority than NR SL transmission.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of each NR SL and NR Uu is lower the each threshold, then NR Uplink is high priority than NR SL transmission.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of NR SL is lower the sl-PrioritizationThres and the assigned priority of NR Uu is higher the ul-PrioritizationThres, then NR uplink is high priority than NR SL transmission.
- if both sl-PrioritizationThres and ul-PrioritizationThres are configured, the assigned priority of NR SL is higher the sl-PrioritizationThres and NR Uu is lower the ul-PrioritizationThres, then NR SL transmission is high priority than NR uplink.

Based on these, RAN4 agreed to capture the following ON/OFF time masks for TDM operation in same carrier in TR38.785
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Figure 2-1: ON/OFF Time mask for TDM operation in same carrier from NR Uu to NR SL in licensed band
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Figure 2-2: ON/OFF Time mask for TDM operation in same carrier from NR SL to NR Uu in licensed band 

However, RAN4 decided to apply the different TA between NR Uu and NR SL. The expected NR Uu’s TA is 6.6us + 13us =19.6us when RAN4 assumed cell range with 1km. But the TASL is only considered the NTA_offset with 13us as shown in Figure 2-4.
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Figure 2-3. Analysis of the interference problems for the time alignment between NR Uu and NR SL for intra-band con-current operation
The detail UL slot and SL slot are described as follow in Figure 2-4.
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Figure 2-4. NR SL and NR UL allocated slots with different TA in same/different carrier
2.1 ON/OFF time mask by different TA in same carrier
In scenario 1, RAN4 can consider two cases (case 1 and Case 2) according to the priority rules between NR Uu and NR SL as shown in Figure 2-5 in same carrier. 
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Figure 2-5. 4 operating cases based on priority between NR SL and NR UL with different TA in same carrier
In Figure 2.5, the yellow colour region is the agreed switching time position for TDM operation between NR UL slot n and NR SL slot n+1. In here, there are NTA time (6.6us) between UL slot and NR next slot as shown in Case 1 and Case 2. There was no TA problem for TDM operation in same carrier and the high priority carrier (green colour) shall be protected without any TA interference problem as shown in Case 1 and Case 2 in Figure 2-5.

In scenario 2, RAN4 also consider two cases (Case 3 and Case 4) according to the priority rules between NR Uu and NR SL as shown in Figure 2-5 in same carrier. 
In case 3, the high priority is in NR Uu for switching time from SL slot n+i to UL slot n+i+1, then the UL slot shall be protected from the SL transmission. But NTA time (6.6us) of NR UL slot was overlapped with previous SL slot n+i and the UL signal will be lost since the overlapped region was considered as switching time for TDM operation. Therefore, RAN4 will shift the time mask with NTA to protect high priority NR UL n+i+1 slot as shown in Figure 2-6 for ON/OFF time mask for TDM operation from NR SL to NR Uu in licensed band.
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Figure 2-6: ON/OFF Time mask for case 3 TDM operation in same carrier in licensed band 

In case 4, the high priority is in NR SL for switching time from SL slot n+i to UL slot n+i+1 as shown in Figure 2-5, then the SL slot shall be protected from the UL transmission. But, there was not exist the SL signal in the overlapped NTA time (6.6us) which was belong to the punctured last symbol of NR SL. Therefore, the high priority NR SL shall be protected by TA interference problem and keep the agreed ON/OFF time mask in Figure 2-2.

Based on these analysis, RAN4 can revise the agreed ON/OFF time mask for Case 3 TDM operation in same carrier from NR SL to NR Uu in licensed band as shown in Figure 2-6 to protect the high priority transmission signal. 
Proposal 1: RAN4 need to revise the agreed ON/OFF time mask for case 3 TDM operation in same carrier in licensed band as shown in Figure 2-6.
2.2 ON/OFF time mask by different TA in different carrier
The second analysis is for the ON/OFF time mask for TDM operation in different carrier with shared RF architecture.
In here, RAN4 shall consider 4 cases in scenario 1 and 2 according to the priority rules to analyse the TA interference problems.
The described Case 1 within different carrier in Figure 2-7 is that NR SL has high priority than NR Uu in scenario 1.
In here, the yellow colour region is the switching time position (transient period + switching period) for TDM operation between NR UL slot n and NR SL slot n+1. The all switching time belong to the lower UL carrier and the high priority NR SL slot shall be protected in Case1 without any TA problem as explained in Figure 2-7.
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Figure 2-7. Case 1: NR SL high priority case in scenario 1 with the switching time in different carrier

The Case 2 within different carrier in Figure 2-8 is that NR UL has high priority than NR SL in scenario 1.
In here, the all switching time belong to the lower priority SL carrier and the high priority NR UL slot n shall be protected without any TA problem as explained in Figure 2-8.
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Figure 2-8. Case 2: NR UL high priority case in scenario 1 with the switching time in different carrier

The Case 3 within different carrier in Figure 2-9 is that NR UL has high priority than NR SL in scenario 2.
In here, the all switching time belong to the lower priority SL carrier and the high priority NR UL slot n+1 shall be protected. However, the overlapped region will be lost since the overlapped part will be considered with switching time. Therefore, RAN4 need to shift the time mask with NTA to protect high priority NR UL n+1 slot without any TA interference problem.
[image: ]
Figure 2-9. Case 3: NR UL high priority case in scenario 2 with the switching time in different carrier

The Case 4 within different carrier in Figure 2-10 is that NR SL has high priority than NR UL in scenario 2.
In here, the all switching time belong to the lower priority UL carrier and the high priority NR SL slot n shall be protected. However, the overlapped region will be lost since the overlapped part will be considered with switching time. Fortunately, the last symbol will be punctured in NR SL and the NTA time is less than 1 OFDM symbol, hence high priority NR SL slot n will be protected the without any TA interference problem.
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Figure 2-10. Case 4: NR SL high priority case in scenario 2 with the switching time in different carrier

Based on these interference analysis, we propose as follow
Proposal 2: RAN4 specify the ON/OFF time mask for TDM operation in different carrier in licensed band to protect the high priority carrier by TA interference as shown in Figure 2-11.

In Figure 2-11(a), we provide detail ON/OFF time mask for 4 cases in two scenarios. The ON/OFF time mask in case 3 was shifted with NTA to protect high priority carrier. In Figure 2-11(b), we merged the ON/OFF time mask for case 1,2 & 4 and the explicitly described the ON/OFF time mask for case 3.
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Figure 2-11 (a): ON/OFF Time mask for TDM operation in different carrier from NR SL to NR Uu or NR Uu to NR SL in licensed band
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Figure 2-11 (b): ON/OFF Time mask for TDM operation in different carrier from NR SL to NR Uu or NR Uu to NR SL in licensed band

2.3 Discussion on RAN1 preparation time for TDM operation
RAN4 discussed the RAN1 preparation time for the TDM operation at last RAN4 #101-e meeting. And WF was agreed as follow
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Issue 1-1-3: Switching time for different carriers
· Proposals
· Option 1: RF switching time is 140us.
· Option 2: Total switching time equal to PUSCH preparation time for SL to Uu switching and PSSCH preparation time for Uu to SL switching + RF switching time(140us) (R4-2117648)
· Observation
· For LTE SL and NR LTE switching in ITS band, only RF retuning time is considered, i.e. 150us.
· One company would like to further check whether the RF switching time occurs after PSSCH/PUSCH preparation time or simultaneously with PSSCH/PUSCH preparation time.
· WF
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]RF switching time is different from PUSCH/PSSCH preparation time.
· Further discuss whether the RF switching time occurs after PSSCH/PUSCH preparation time or simultaneously with PSSCH/PUSCH preparation time. If RAN4 agree RF switching time is separate from preparation time and can occur either sequentially or simultaneously to the preparation time, the switching time, i.e. 140us can be agreed.

Generally, RAN4 shall make consensus for the RF switching time in ON/OFF time mask which will specify the pure RF physical switching time only from carrier A to carrier B for intra-band con-current V2X TDM operation between NR Uu and NR SL.
The RAN1 defined preparation time is ready to receive/transmit for the baseband PSSCH/PUSCH signalling per operating carrier between NR Uu and NR SL as follow
Table 2.1 PSSCH/PUSCH preparation time (Table 6.4.1 and 8.6-1 in TS38.214)

	

	PSSCH/PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



So, our preference is the preparation time is not considered in RF session and do not any additional RF requirements. And then, RRM session can consider the whole time to define the interruption test scenarios for TDM operation in different carrier. The whole time means that sum of RAN1 preparation time and RF switching time will be considered as worst scenario to define the interruption time.

Proposal 3: In RF session, RAN4 only define the pure RF switching time. In RRM session, RAN4 can consider the whole time to define the interruption scenarios for TDM operation in different carrier in licensed band.

3. Configured Tx power for intra-band con-current V2X operation
2. 
3. 
In last RAN4 #101-e meeting, three companies provided the configured Tx power requirements. But RAN4 do not any agreements for the configured Tx power for intra-band con-current V2X operation.

One company propose the configured Tx power based on intra-band contiguous CA/DC in NR Uu.
However, the basic RF architecture is different between intra-band CA of NR UE and intra-band con-current V2X UE. 
The baseline RF architecture is share RF architecture with 1PA for intra-band CA and power control will be operated by serving cell. However, the intra-band V2X con-current operation with FDM manner, the baseline RF architecture is separate RF chain and separate PA. Furthermore, the transmission modulation order and channel configurations are quite different with NR SL and NR Uu. It is almost close to the inter-band CA operation in NR UE. 

Based on the analysis, we propose that RAN4 need to define the configured Tx power requirements for intra-band con-current V2X UE based on that of inter-band CA NR UE.
Proposal 4: RAN4 specify the configured Tx power for intra-band con-current V2X UE based on the configured Tx power of NR inter-band CA UE.

4. Conclusions
	In this contribution, we provide our views on the timing Alignment impact for the intra-band con-current V2X UE in n79 based on the candidate RF architecture. 

And we propose to specify the RF core requirements for the intra-band con-current V2X UE in licensed band as follow
Proposal 1: RAN4 need to revise the agreed ON/OFF time mask for case 3 TDM operation in same carrier in licensed band as shown in Figure 2-6.
Proposal 2: RAN4 specify the ON/OFF time mask for TDM operation in different carrier in licensed band to protect the high priority carrier by TA interference as shown in Figure 2-11.
Proposal 3: In RF session, RAN4 only define the pure RF switching time. In RRM session can consider the whole time to define the interruption scenarios for TDM operation in different carrier in licensed band.
[bookmark: _GoBack]Proposal 4: RAN4 specify the configured Tx power for intra-band con-current V2X UE based on the configured Tx power of NR inter-band CA UE.

Reference
[1] R4-2119926, “Email discussion summary for [101-e][126] NRSL_enh_Part_2,” Moderator (CATT)
[2] R4-2119988, “WF on RF requirements and sync issues for intra-band operation”, CATT
[3] R1-2117648, “RF switching time for V2X intra-band con-current operation with different carriers in TDD bands”, Qualcomm
[4] TS38.101-1
[5] TR38.785 v0.4.0
image3.png
TA = Nra + Nua omeet
=6.6 +13 =19.6us

]
DL DL DL DL
UL UL uL UL
SL_Rx SL_Tx SL_Tx SL_Tx
«— Only N:.time (6.6us) will be interfered

TAs = Nua + Nia orset by UL Tx into SL Rx
=0+13 =13us




image4.png
Scenarios 1

UL slot n(\

Scenarios 2

UL Jot n+i+1

SL slot n+1

SL slot n+2

SL slot fi+i

Scenario 1: UL slot n > SL slot n+1

Scenario 2 : SL slot n+i > UL slot n+i+1




image5.png
Case1: NR Uu (Low priority) > NR SL (high priority) Case3: NR SL (Low priority) > NR UL (high priority)

@ DM :!UL shotin @ TOM
-SL slot n+1 - i
SL slot n+i.
-
Nra

Nra

Case2: NR Uu (High priority) > NR SL (low priority) Cased: NR SL (High priority) > NR UL (low priority)

UL slotn U
@ oM @ TOM
Nma




image6.png
NR Sidelink (Low priority) NR Uu (High priority)

1 I [}
1 I [}
ON power requirement | 1| | ON power requirement
_— } L —
1 I [}

bl
) 1 [}
10us 10 us
. . T
Transient period




image7.png
Case1: NR Uu (Low priority) > NR SL (high priority)

TA = Nia + Nia ofset

f—>|

@ oM

NR UE receiving timing

NR UE transmission timing
NR V2X SL transmission timing

DL oL DL DL
uL UL (n+1) UL(n+2) | UL (n+3)
SL(n+1) | SL(n+2) | SL(n+3)
’:_’ Nra Yellow range is for the switching time in low priority in NR
1 ot

UL with 140us. In here, time gap is guaranteed by Nw=6.6
us for cell range 1km between UL n slot and SL n+1 slot.
Hence NR UL n slot (low priority) covered the all
switching time and protect NR SL n+1 slot (high priority)




image8.png
Case2: NR Uu (high priority) > NR SL (Low priority)

TA = Nra + Nia oot

DL DL DL NR UE receiving timing

NR UE transmission timing

0

NR V2X SL transmission timing

f—| DL
UL (n) UL(n+1) | uLme2) | UL (+3)
SL(n (n+1) | SL(n+2) | SL(n+3)
|| M5
Nra
Noa ot

Yellow range is for the switching time in low priority in
NR SL with 140us. In here, time gap is guaranteed by
N=6.6us for cell range 1km between UL n slot and SL
n+1 slot. Hence NR SL n+1 slot(low priority) covered the
all switching time and protect NR UL n slot (high priority)




image9.png
Case3: NR SL (Low) > NR Uu (high)

TA = Nia + N ofret

i

> DL DL DL DL
UL (n) L(n+1) | UL(n+2) | UL(n+3)
SL( SL(n+1) | SL(n+2) | SL(n+3)
e
Nra
Nixotse

NR UE receiving timing

NR UE transmission timing
NR V2X SL transmission timing

Yellow range is for the switching time in low priority in NR SL slot n
with 140us. In here, SL slot n and UL slot n+1 are overlapped with
Nr=6.6 us for cell range 1km between UL n slot and SL n+1 slot. The
switching time will belong to SL n slot, but overlapped region (Nw) in

NR UL signal (high priority) will be lost. Need to shift the time mask
with N1a to protect high priority NR UL n+1 slot.




image10.png
Case4: NR SL (high) > NR Uu (Low)

TA = Nra + N ofet

i

NR UE receiving timing

NR UE transmission timing
NR V2X SL transmission timing

Yellow range is for the switching time in low priority in NR UL slot

DL DL DL DL
UL (n) (n+1) | UL(m+2) | UL(n+3)
SL(n SL(n+1) | SL(n+2) | SL(n+3)
e
Nra
Noa osset

n+1 with 140us. In here, SL slot n and UL slot n+1 are overlapped
with N=6.6 us for cell range 1km between UL n slot and SL n+1
slot. The switching time will belong to UL n+1 slot, but
overlapped region (N) in NR SL signal (high priority) will be lost.
- Fortunately, the last symbol will be punctured in NR SL and the
Nra is less than 1 symbol. No TA interference problem




image11.png
Case 1

NR Uu slot (Low priority) NR SL slot (High priority)

Foeee-

1
1
1
1
ON power requirement E ON power requirement
L i
i Switching time E
1 1
0 H
1 1
1 i
Case 2
NR Uu slot (high priority) NR SL slot (Low priority)
ON power requirement ON power requirement
>

Switching time

$o-eo
EIER .





image12.png
Case 3

NR SL slot (Low priority) NR Uu slot (High priority)

1
|
ON power requirement :

—
1

1
1
: ON power requirement

Switching time

Case 4

NR SL slot (high priority) NR Uu slot (Low priority)

ON power requirement ON power requirement

=

=

Switching time

IR Y-





image13.png
Case 1,2,4

NR Uu slot (Low priority) NR SL slot/ NR Uu slot (High priority) | NR Uu slot/ NR SL slot (Low priority)

N power requirement ON power requirement |

ON power requirement ON power requirement
i Switching time i Switching time !
Case 3
NR SL slot (Low pi

T T
' '
ON power requirement ! !
— I
' '

R ——]

Switching time




image14.wmf
m


oleObject1.bin

image1.jpg
1 1

1 1
> 1 1
ON power requirement 1

ON power requirement
—"

e
1
1
1

e

' '
10ps 10ps

Transient period




image2.jpg
1 1

1 1
- 1 1 :
ON power requirement | 1 ON power requirement

10ps 10ps

Transient period




