[bookmark: _GoBack]3GPP TSG RAN WG4 #92BIS meeting                   	R4-1911453
Chongqing, China, 14th – 18th Oct., 2019

Agenda Item:	8.4.1
Source:	LG Electronics
Title:	Consideration on candidate RF architecture for 5G V2X UE
Document for:	Approval
1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #92 meetings, RAN4 agreed how to specify the V2X UE RF requirements according to NR V2X UE at 5.9GHz or licensed bands which was dependant NR V2X coexistence evaluation results. Currently RAN4 only agreed that NR V2X UE can coexist with DSRC and LTE V2X at 5.9GHz.
In this paper, we provide our views what is baseline RF architecture for NR V2X UE at both unlicensed and licensed operating bands to specify the RF requirements and V2X operating scenarios.
2. Basic RF architecture for NR V2X UE
For LTE-based V2X service in Rel-14, RAN4 can consider example RF architecture as shown in Figure 1. 

 
(a) Example RF architecture for NR Uu(Band X) + NR SL (n47) operation


(b) Example RF architecture for NR Uu(Band X) + NR SL (Band X) operation
Figure 1. Example V2X UE RF architectures for con-current operation

In the RAN4 meeting, the following priority are discussed for V2X operating scenarios as following
· 1st priority for single carrier operation: 
· NR V2X single carrier operation at n47
· NR V2X single carrier operation at licensed bands (e.g TDD: 3.5GHz, FDD:2GHz)

· 2nd priority in con-current operation (with ITS spectrum): 
· NR V2X PC5 (at n47) + NR/LTE Uu (at licensed bands) on inter-band con-current operation
· NR V2X PC5 (at n47) + NR Uu(at licensed bands)
· NR V2X PC5 (at n47) + LTE Uu(at licensed bands)
· NR V2X PC5 (at n47) + LTE V2X with PC5 (at B47)  on single carrier with TDM operation

· 3rd Priority for con-current operation (without ITS spectrum):
· LTE Band 47 PC5 + NR Uu (at licensed bands) : need to study on RAN4 impact when NR Uu control the LTE sidelink operation since the agreed WID did not reflect RAN4 impact
· NR V2X PC5 (at n47) + LTE/NR Uu (at licensed bands) on inter-band or intra-band combination
· NR V2X PC5 (at licensed bands) + LTE Uu (at licensed bands)
· NR V2X PC5 (at licensed bands) + NR Uu (at licensed bands)
2.1 NR V2X con-current operation in licensed bands
Based on the above RF architecture and operating scenarios, the intra-band WAN-V2X operation in same carrier was not allowed the simultaneous transmission since Tx chain between NR Uu and V2X PC5 is shared. So only TDM operation is available. Also the adjacent carrier V2X con-current operation in Figure 2-(a) is expected the self-interference problem between V2X SL and Uu UL transmission. 
Therefore, RAN4 only allow TDM operation in same carrier at licensed band.  But the V2X con-current operation for inter-band WAN-V2X UE is possible if the Uu UL frequency band X is far away from the V2X PC5 operating band Y as following in Figure 2-(b). 
So the RAN4 can allow the inter-band V2X con-current operating bands based on these frequency separation between Uu band X and SL band Y. The frequency separation is depend on the attenuation level of filter performance of Band X and Band Y.


(a) Problem of V2X SL reception by UL Tx leakage of NR V2X UE at adjacent carrier 


(b) Feasibility of V2X con-current operation at inter band V2X operation
Figure 2. Consideration on intra-band con-current operation for NR V2X UE at licensed band

For the TDD case, additional Tx/Rx chain is not necessary in same carrier. TDM operation with shared RF chain will be consider in intra-band V2X con-current operation. But if RAN4 consider different carrier in intra-band, then RAN4 need to consider power imbalance, different numerology issue and synch source problem between Uu UL transmission and V2X SL transmission even if RAN4 consider separate RF chain. Therefore, we recommend that RAN4 only consider TDM operation between Uu UL transmission and V2X SL transmission in intra-band con-current V2X operation.
For inter-band V2X con-current operation in TDD case, RAN4 consider different RF chain. Hence same principle (frequency separation between Uu UL transmission and V2X SL transmission) in FDD case will be considered when RAN4 allow the inter-band con-current V2X operation.
Based on above analysis, we propose as follow

Proposal 1: For both FDD/ TDD licensed band, RAN4 allow TDM operation between V2X SL operation and Uu uplink transmission in intra-band con-current V2X operation.
Proposal 2: For both FDD/ TDD licensed band, RAN4 carefully check the frequency separation between V2X SL operation and Uu uplink transmission in inter-band con-current V2X operation. Then, the inter-band con-current V2X operating bands will be allowed.

3. Conclusions
	In this contribution, we provide our views on which basic RF architecture will be consider the V2X con-current operation both licensed bands and unlicensed band. 
Above analysis in session 2, we propose as following

Proposal 1: For both FDD/ TDD licensed band, RAN4 allow TDM operation between V2X SL operation and Uu uplink transmission in intra-band con-current V2X operation.
Proposal 2: For both FDD/ TDD licensed band, RAN4 carefully check the frequency separation between V2X SL operation and Uu uplink transmission in inter-band con-current V2X operation. Then, the inter-band con-current V2X operating bands will be allowed.
oleObject2.bin
�

DIP


Low bands
switch


High bands switch


NR Rx (Uu) in Band X (FDD)


NR V2X (SL) in Band X (FDD)


Band X UL


Band X DL


Band X UL


Uu


DUP


Uu


Band X DL


NR Tx (Uu) in Band X (FDD)


RFIC


SL


TDM operation


S/W



image3.emf
Band X UL

Band X DL

Uu Uu SL


oleObject3.bin
�

Band X UL


Band X DL


Uu


Uu


SL



image4.emf
Band X UL Band Y UL

Uu

SL

Band X DL

Uu


oleObject4.bin
�

Band X UL


Band Y UL


Band X DL


Uu


Uu


SL



image1.emf
DIP

Low 

bands

switch

Mid 

bands 

switch

DIP

High 

bands 

switch

Ultra 

High 

bands 

switch

RFIC

S/W

V2X (Uu operation) 

in Band X

D

U

P

RFIC

V2X (SL operation) 

in n47


oleObject1.bin
�

DIP


Low bands
switch


Mid bands switch


DIP


High bands switch


Ultra High bands switch


DUP


V2X (Uu operation) in Band X


RFIC


S/W


RFIC


V2X (SL operation) in n47



image2.emf
DIP

Low 

bands

switch

High 

bands 

switch

RFIC

NR Tx (Uu) 

in Band X 

(FDD)

D

U

P

S/

W

NR Rx (Uu) 

in Band X 

(FDD)

NR V2X (SL) 

in Band X 

(FDD)

Band X UL

Band X DL

Uu Uu

Band X UL

Band X DL

SL

TDM 

operation


