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1 Introduction
Framework for V2X operation in licensed band operation was discussed in [1]. As mentioned in the 
WF, “it has been identified that before a diving deep into coexistence issues, a high level understanding of a framework needs to be agreed in RAN4”, which means though there is no conclusion on co-existence study in the licensed bands, RAN4 can carry out some preliminary study on the UE framework. However, we should bear it in mind that whether SL can be used in licensed bands for NR-V still depends on the co-existence study.
This contribution provides some analysis for UE framework for TDD and FDD licensed bands respectively.
2 Discussion
Before discussion of the specific framework, some pre-conditions should be outlined. 

1) Numerology: Though there is no clear conclusion on the supported numerologies for NR Uu and sidelink for the licensed bands, here we assume that different numerologies could exist in the same band for Uu and sidelink services.
2) Power control: For sidelink, currently open loop power control is considered for unicast scenario only. For broadcast and groupcast scenarios, there is no concrete conclusion on the power control scheme and the agreement in last RAN1 meeting is that (pre-)configured maximum transmit power could be considered for SL. Given the current situation, in the following framework analysis, we consider that SL transmits at the maximum output power as the possible worst case. 
[image: image1.png]ink transmit power control,
o Total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot.
=  FFS whether/how to handle simultaneous transmission of sidelink and uplink
o The maximum SL transmit power is (pre-)configured to the TX UE.
= FFS on details (e.g., whether the maximum power is dependent of parameters such as the priority of
PSCCH/PSSCH)





2.1 Reference UE architecture for TDD band
The reference UE architecture for TDD band has been discussed in last RAN4 meeting [2]. The figures and discussion are copied below to facilitate the following discussion.
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For TDD licensed band operation when LTE/NR Uu and NR V2X use the same licensed band 

Companies are encouraged to share the UE architecture and their pros/cons: 

Two separate Tx/Rx chains for LTE/NR Uu and NR V2X

Single chain for both LTE/NR Uu and NR V2X operating in TDM 

Q3) What is difference between single RFIC and separate RFIC in same band? Which operator has wide TDD bands to support V2X SL and NR Uu at licensed band?

Synch source should be same for single RFIC

Different sych source/different numerology can be supported for seperat RFIC

Q4) Does RAN1 assume the different numerology between NR Uu and NR V2X or LTE Uu and NR V2X in same band? What is RAN4 preference for the numerology between NR Uu and NR V2X or LTE Uu and NR V2X in same band?


Two kinds of UE architectures were discussed, i.e. single RF chain reused for both Uu and NR SL and separate RF chains for the two different services.
The pros for single RF chain is that it can save a set of TRx hardware and a single antenna can be utilized, which is the advantage from cost and power consumption perspective. However, if different SCS for Uu and SL as well as power control are taken into consideration, the drawback of this architecture is obvious. In order to communicate with the remote vehicle, the configured SL transmission power should be as large as possible, however, if the UE is close to the eNB/gNB, the output power for the Uu link will be under a certain level with appropriate power control, which results in a severe power imbalance for the same Tx chain, and in turn it would deteriorate the UL system performance for Uu link as the SINR is affected by SL. For single Rx chain, it may has the AGC adjustment issue also due to the power imbalance for different Uu and SL Rx signals. On the contrary, though UE architecture with separate RF chains for SL and Uu has higher cost and power consumption, it is more flexible to implement different power control schemes and AGC adjustment. It is worth noting that for the TDD band, synchronization is necessary for SL and Uu service. 
Observation 1: Separate RF chains and antennas for SL and Uu services is a better solution compared to that with shared chain for TDD band
2.2 Reference UE architecture for FDD band

For LTE/NR Uu and NR V2X use the same licensed FDD band, RAN4 assumption for co-existence study is to use the UL spectrum in the FDD band though there is no conclusion from RAN1 yet. For this scenario, D2D architectures were listed as a reference for further discussion in last meeting, which is copied as below.
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(a) D2D Communication UE                     (b) D2D Discovery UE
· For in a UE, the simultaneous WAN Tx and D2D Tx are not possible since there was no additional Tx path.

· Simultaneous Rx-Rx is possible at (a) RF architecture

· D2D Tx-WAN Rx is possible

· D2D Rx-WAN Tx is not possible in FDD band


Different from D2D, this is no limitation that SL cannot transmit simultaneously with Uu UL. As both Tx and Rx for SL use the same UL spectrum for FDD band, the implementation for SL is similar as one for a TDD band, e.g. an antenna switch can be utilized for selection of Tx and Rx for SL. Similar to TDD band operation, common Tx chain for SL and Uu UL could have the power control issue and different SCS could be used for SL and Uu, thus separate Tx chains for SL and Uu are preferable, consequently, the shared Rx chain for SL Rx and Uu Rx is not necessary, not to mention the AGC issue for the common Rx chain. But for this scenario, a TDD pattern is needed for the Uu UL transmission, as the isolation is not enough to guarantee the SL Rx performance when Uu UL transmits in the same band even a separate antenna is utilized for the SL RF chain. 
Observation 2: Separate RF chains and antennas for SL and Uu services is a better solution for FDD band

3 Conclusion

This contribution provides analysis of different UE architectures for both TDD and FDD licensed bands. To determine an appropriate architecture, the issues outlined below should be considered:
· Supporting of different SCS for SL and Uu services simultaneously

· Power control schemes for SL and Uu services and implementation in the RF chains

· Simultaneous transmission of SL and Uu in the same band

· AGC implementation for SL and Uu in the Rx chain

With consideration for above mentioned aspects, we have the following observations:
Observation 1: Separate RF chains and antennas for SL and Uu services is a better solution compared to that with shared chain for TDD band

Observation 2: Separate RF chains and antennas for SL and Uu services is a better solution for FDD band

Whether the discussion in this paper is valid still depends on the co-existence study. If later on the TDD or FDD licensed bands are feasible for SL operation after co-existence evaluation, RAN4 needs to decide a UE architecture for deriving the RF requirements. 
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