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Background
The HPUE for V2X has been discussed in Rel-16. However, with the limit time given for discussion, the V2X HPUE requirement is not finished yet and it is left for Rel-17. Besides, there is additional discussion on power class signaling for V2X HPUE raised in RAN4#96-e and it will be discussed in another paper. In this paper, we focus on the RF requirements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
During the RAN4#97-e meeting, the work plan [1] has been agreed and corresponding HPUE for SL are marked as:
[image: ]
For the enhancement work listed in the work plan, there are 3 aspects as:
1. Single antenna HPUE 
2. SL-MIMO HPUE
3. PC2 Inter-band concurrent operation
Before introducing the requirements for above aspects, specific bands supporting PC2 and band combinations supporting PC2 should be figured out first.
Observation 1: Before defining requirements, specific bands supporting PC2 and band combinations supporting PC2 should be figured out first
For PC2 UE, there is SAR issue introduced in current 3GPP specification as the UE capability maxUplinkDutyCycle-PC2-FR1 is defined. For V2X UEs, there is an LS indicating the antenna connector definition of V2X UE has been agreed shown below. Usually there are V-UE and P-UE difference however, we believe as the LS defined, mostly the discussion is about V-UE so the SAR issue can be ignored for PC2 V2X UE. Furthermore, there will be some further enhancement and use cases by sidelink other than vehicles but it can be further discussed in future release.
Observation 2: SAR issue can be ignored for PC2 V2X UE at Rel-17.


Figure 1, An Example of V2X UE integration block diagram
Then for single antenna HPUE and PC2 inter-band concurrent operation HPUE, specific MPR and A-MPR needs to be investigated.
Observation 3: For single antenna HPUE and PC2 inter-band concurrent operation HPUE, specific MPR and A-MPR needs to be investigated.
For SL-MIMO, current TS 38.101-1 has already defined PC3 SL-MIMO power requirement as captured below:


[image: ]
For SL MIMO, the requirements should be updated based on the UL MIMO feature for NR.
In addition to above 3 aspects of HPUE, if we look back to TS 36.101, the transmit diversity is introduced for PC2 UE and V2X TX diversity requirements are captured in the specification as shown below in table 1:
Table 1 TS 36.101 V2X TX Diversity requirements
	6.2.2G UE maximum output power for V2X Communication
	[bookmark: OLE_LINK11]For V2X UE supporting Transmit Diversity, if the UE transmits on two connectors at the same time, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2.2G-3. The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).

	6.2.5G Configured transmitted power for V2X Communication
	For V2X UE supporting Transmit Diversity, the transmitted power is configured per each UE.

	6.3.2G Minimum output power for V2X
	For V2X UE supporting Transmit Diversity, if the UE transmits on two antenna connectors at the same time, the minimum output power is defined as the sum of the mean power at each transmit connector in one sub-frame (1ms). The minimum output power shall not exceed the values specified for single carrier.

	6.3.4G ON/OFF time mask for V2X Communication
	For V2X UE supporting Transmit Diversity, the ON/OFF time mask requirements apply at each transmit antenna connector.

	6.3.5G Power Control for V2X Communication
	For V2X UE supporting Transmit Diversity, if the UE transmits on two antenna connectors at the same time, the power control tolerance for single carrier shall apply to the sum of output power at each transmit antenna connector.

	6.5.1G Frequency error for V2X Communication
	For V2X UE supporting Transmit Diversity, if the UE transmits on two antenna connectors at the same time, the UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) in case of using GNSS synchronization source. The same requirements applied over a period of one time slot (0.5 ms) compared to the relative frequency in case of using the E-UTRA Node B or V2X UE sidelink synchronization signals.

	6.5.2G Transmit modulation quality for V2X Communication
	For V2X UE supporting Transmit Diversity, if the UE transmits on two antenna-connectors at the same time, the transmit modulation quality requirements for single carrier shall apply to each transmit antenna connector.

	6.6.1G Occupied Bandwidth for V2X Communication
	For V2X UE supporting Transmit Diversity, if the UE transmits on two antenna connectors at the same time, the requirements for occupied bandwidth is specified at each transmit antenna connector and the occupied bandwidth at each transmitter antenna shall be less than the channel bandwidth specified for single carrier. 

	6.6.2G Out of band emission for V2X Communication
	For V2X UE supporting Transmit Diversity, if the UE transmits on two antenna connectors at the same time, the requirements for occupied bandwidth is specified at each transmit antenna connector and the occupied bandwidth at each transmitter antenna shall be less than the channel bandwidth specified for single carrier. 

	6.6.3G Spurious emission for V2X Communication
	For V2X UEs supporting Transmit Diversity, the requirements specified for single carrier shall apply to each transmit antenna connector. 

	6.7.1G Minimum requirement for V2X Communication (TX IMD)
	For V2X UE supporting Transmit Diversity, if the UE transmits on two antenna connectors at the same time, the requirements specified for single carrier shall apply to each transmit antenna connector. If the UE transmits on one antenna connector, the requirements specified for single carrier shall apply to the active antenna connector.

	6.8G Time Alignment error
	For V2X UE(s) with two transmit antenna connectors in Transmit Diversity scheme, this requirement applies to frame timing differences between transmissions on two transmit antenna connectors. The Time Alignment Error (TAE) shall not exceed [260] ns.


From table 1, we can see some of the requirements are based on the sum of measurement on each connector while some of the requirements are based on each antenna connector. Furthermore, the power requirement as maximum output power and configured transmitter power are per UE while the rest of the requirements shall all meet single carrier requirements for each connector. In the last, the time alignment error is defined specifically for UL-MIMO and for V2X TXD. 
Observation 4 : LTE has introduced TXD for PC2 V2X UE and defined corresponding requirements.
The background for not introducing TXD for PC2 V2X UE in Rel-16 is because there is on-going TXD discussion topic and corresponding requirements for NR Uu is not defined yet. However, after the issue for NR Uu TXD is solved, the TXD to V2X is still an important issue to be completed.
Proposal 1: Introduce V2X TXD requirement after the NR Uu TXD requirement is defined.
Conclusions
In this contribution, we give discussion on remaining issue on V2X HPUE and the observations are shown as below：
Observation 1: Before defining requirements, specific bands supporting PC2 and band combinations supporting PC2 should be figured out first
Observation 2: SAR issue can be ignored for PC2 V2X UE at Rel-17.
Observation 3: For single antenna HPUE and PC2 inter-band concurrent operation HPUE, specific MPR and A-MPR needs to be investigated.
Observation 4 : LTE has introduced TXD for PC2 V2X UE and defined corresponding requirements.
Proposal 1: Introduce V2X TXD requirement after the NR Uu TXD requirement is defined.
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Table 6.2E.1.1-1: NR V2X UE Power Class for SL-MIMO .
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