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Introduction

During RAN2#100 meeting, topic on how to implement PPPP and CBR in PC5 carrier selection is discussed and an email discussion is initiated for this issue [1]. On the other hand, it was agreed in RAN2#99bis meeting that UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However it is not clear how to consider the UE’s capability on PC5 CA in carrier selection. In this contribution, we discuss some remaining issues with regard to carrier selection. Firstly, we discuss the impact of UE capability on carrier selection. Then we discuss whether carrier selection should be performed on RRC or MAC layer. Lastly, we discuss how to implement CBR/PPPP in PC5 carrier selection and present our considerations. 
Discussion

2.1 Impact of UE capability on carrier selection

It was agreed in RAN2#99bis meeting that UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However it is not clear how to consider the UE’s capability on PC5 CA in carrier selection. As we know, UE’s capability consists of Tx capability and Rx capability. In our opinion, both Tx capability and Rx capability should be considered in Tx carrier selection. For example, if mode 4 is used, UE performs sensing based resource selection. In order to support the simultaneous sidelink transmission over multiple carriers for PC5 CA, UE needs to first perform sensing on those carriers. Therefore Tx carriers for mode 4 sideink transmission are restricted to the Rx carriers configured for monitoring and sensing. On the other hand, the maximum number of carriers on which the UE could perform sensing simultaneously depends on the UE’s Rx capability (e.g. the number of Tx chain). Generally speaking, UE’s Rx capability is larger than UE’s Tx capability. So the Tx carrier that could be selected by UE should be equal to or less than the Rx carriers selected. 

Observation 1: In order to support the simultaneous sidelink transmission over multiple carriers for PC5 CA, UE needs to first perform sensing on those carriers. Therefore, Tx carriers for mode 4 sideink transmission are restricted to the Rx carriers configured for monitoring and sensing.

Observation 2: UE’s Rx capability is generally larger than UE’s Tx capability. So the Tx carrier that could be selected by UE should be equal to or less than the Rx carriers. 
During the RAN1#90bis meeting, the Tx switching time was discussed and an LS was sent to RAN4 to enquire the switching time for intra-band and inter-band due to Tx switching and interruption time at the receiver. RAN4 has provided the LS reply [2] to RAN1 as follows. As we can see, for intra-band scenario, if only part of Tx carrier configured and activated simultaneously, the switching time may be up to 200us. For the inter-band scenario, the switching time for inter-band CA may be used as reference, which take at most 900us. When it comes to carrier reselection for one Tx chain, one subframe of retuning overhead should be considered. 
	Intra-band PC5 CA

If all the TX carriers are configured and activated simultaneously, then switching between two TX carriers requires no additional time and no interruption at RX.

If only part of TX carriers configured and activated simultaneously (e.g. UE supports less number of TX carriers than RX carriers), then TX RF LO needs to be retuned to support transmission at other carriers and up to 200us TX RF retuning time is needed. RX chain interruption time depends on UE implementation:

Option 1: In case of separate TX/RX chains architecture for each carrier, the RX chain operation may not be interrupted due to TX RF retuning

Option 2: In case of shared TX/RX chains architecture for carriers, the RX chain operation may be interrupted for up to 200us

Inter-band PC5 CA:

Since there is only one band specified for PC5 which is Band 47 so inter-band PC5 CA is not available from RAN4 point of view. However, the switching time for inter-band CA depends on UE implementation and can take 0us, 30us, 100us, 200us, 300us, 500us, 900us.  Inter-band interruption time needs more discussion.


Observation 3: There are one subframe retuning overhead which should be considered if UE’s Tx chain needs to switch among multi-carriers for sidelink transmission.
Considering that the UE support less number of Tx carrier than Rx carrier, the UE may be able to monitor and sense n carriers whereas only transmit on m carriers simultaneously (m<=n). The carrier selection scheme taking into account UE’s Tx and Rx capability could be divided into the following two schemes:

Scheme 1: fast carrier selection

In this scheme, UE may select n carriers to transmit. Since UE could monitor and sense n carriers, UE could report the sensing results of these n carriers. Correspondingly, the UE may select the resource on these n carriers based on the sensing result. However, due to the Tx chain restriction, UE can only select resource and transmit over m carriers for a given subframe. As shown in Figure 1(a), UE may change its carrier selection decision per subframe. So within a short period of time, the UE may select the n carriers for transmission alternatively. However, this scheme involves a lot of Tx chain switch. The overhead of switch time should be considered during carrier and resource selection. 

Scheme 2: slow carrier selection

In this scheme, although UE could get the sensing result of n carriers, UE only select m carriers to transmit for a relatively long period of time. As we can see from Figure 1(b), once carrier f1 and f2 are selected, it is used for a long time until carrier reselection is triggered and f1 is replaced by f4. This carrier selection scheme is not as quickly as option 1. However, it is quite similar to the Uu CA. As we know, for Uu CA, the aggregated carriers are configured by eNB based on UE’s band combination capability. It only changes when the measurement result of SCell is not good enough and then new SCell on the same or other carrier may be reconfigured. The benefits for slow carrier section is that it does not need to consider the Tx chain switch overhead. 

Proposal 1: Taking into account UE’s TX and Rx capability and Tx chain switching overhead, RAN2 is suggested to discuss two carrier selection schemes: fast carrier selection and slow carrier selection. 
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Figure 1 Illustration of two carrier selection options

2.2 RRC vs. MAC for carrier selection
As we know, in R14 V2X, RRC layer performs the carrier selection and configures the corresponding resource pool to MAC layer. Then, MAC layer performs resource selection on the configured resource pool in the corresponding carrier. In R15 eV2X, it is not clear which layer (i.e. RRC or MAC layer) performs the carrier selection. In our opinion, the RRC layer is suitable to perform the slow carrier selection since the selection/reselection is performed less frequently. However, for the fast carrier selection, MAC is more suitable since it may take into account the limited Tx capability (e.g. band combination, Tx chain switching time, power budget sharing, PSD imbalance issue) for its scheduling decision. The detailed procedure for carrier selection based on RRC or MAC are presented as follows.   

Carrier selection on RRC layer

In this option, the RRC layer determines the candidate carriers for resource selection, e.g. based on PPPP, CBR and UE capability. The UE’s Tx chain doesn’t need to switch among different candidate carriers unless the CBR does not meet the carrier selection threshold or V2X message with new candidate carrier arrives. In that case, carrier reselection will be triggered in RRC layer and the updated PC5 aggregated carrier set will be indicated to MAC layer. Thereafter, the Tx chain would switch from one carrier to another for PC5 transmission. 
2)    Carrier selection on MAC layer

In this option, the MAC layer selects the transmission carriers from the candidate carriers which is determined based on PPPP, CBR and UE capability, etc. In this option, the candidate carriers could be determined in the RRC layer. While the UE’s scheduler is scheduling resource, it jointly consider the buffer size, PPPP, CBR and UE Tx capability. More specifically,  while the scheduler decides to select the resource of a specific carrier, it needs to jointly consider the impact of Tx switch overhead, power budget sharing and PSD imbalance, etc. Suppose available resource on this carrier are selected, the scheduler needs to further determine whether the Tx chain switch needs to be performed for this carrier. If yes, the UE shall switch its Tx chain to the newly selected carrier for sidelink transmission. By this way, the UE may select the resource of multiple carriers for a given subframe. If the selected resource on the sub-frame is overlapped among multiple carriers, one more consideration is that whether the multiple carriers can support a workable band combination, as well as the PSD necessity. Generally speaking, for MAC layer carrier re-selection, it may be triggered on every single MAC PDU for dynamic scheduling. However, for SPS based mode 4 transmission, the scheduler may activate carrier/resource reselection when the counter SL-RESOURCE-RESELECTION-COUNTER becomes 0 as suggested in RAN1.

Observation 4: RRC layer is suitable to perform the slow carrier selection whereas MAC layer is more suitable for the fast carrier selection. 
Proposal 2: RAN2 is suggested to first discuss whether fast or slow carrier selection should be adopted and then decide which layer (RRC vs. MAC) make the carrier selection decision.  
2.3 Impact of CBR/PPPP on carrier selection
During RAN2#100 meeting, topic on how to implement PPPP and CBR in PC5 carrier selection is discussed and an email discussion is initiated for this issue. In the email discussion, the following three options are presented and discussed:
Option 1. Based on the existing SL-CBR-PPPP-TxConfigList

In option 1, the UE is configured with the existing SL-CBR-PPPP-TxConfigList which indicates the prohibited/allowed resource pool/carriers for a certain PPPP for a certain CBR level, e.g. by setting maxTxPower as minus infinity or cr-Limit as 0. In our opinion, option 1 is not flexible to control whether one carrier could be used for transmission of V2X packet of specific PPPP. According to the definition of cr-Limit in TS 36.213, the UE shall ensure that the sum of the CR value for the PSSCH transmissions with PPPP value equal or larger than k is equal or smaller than 
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. For example, V2X message associated with PPPP 2 may be allowed to use CC 1, while V2X message associated with PPPP 1 may be allowed to use CC2 and CC3.  Using option 1, cr-limit (PPPP=1) associated with CC1 shall be configured to 0, i.e. UE shall ensure that the sum of the CR value for the PSSCH transmissions with PPPP value 1 and 2 be zero. In this situation, the MAC PDU with PPPP 2 is not able to be transmitted via CC1.
	TS 36.213
14.1.1.4B
UE procedure for determining subframes and resource blocks for transmitting PSSCH and reserving resources for sidelink transmission mode 4
......
If a UE is configured with high layer parameter cr-Limit and transmits PSSCH in subframe n, the UE shall ensure the following limits for any priority value k;
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where 
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 is the CR evaluated in subframe n-4 for the PSSCH transmissions with “Priority” field in the SCI set to i, and 
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 corresponds to the high layer parameter cr-Limit that is associated with the priority value k and the CBR range which includes the CBR measured in subframe n-4. It is up to UE implementation how to meet the above limits, including dropping the transmissions in subframe n.


Option 2. Based on additional CBR threshold for each PPPP

In this option, the UE is configured with CBR thresholds associated with each PPPP. And the UE could determine whether the carrier could be used for transmission for V2X message of a specific PPPP based on the CBR threshold in the carrier selection procedure, i.e. only frequencies which have lower CBR level than CBR threshold associated with the PPPP could be selected as candidate frequency for transmission. UE could determine the candidate frequencies for each logical channel which is associated with a PPPP value. The additional CBR threshold for each PPPP is very flexible for the purpose of carrier selection. For example, the CBR threshold could be configured per frequency to allow that more candidate frequencies could be used for V2X message with higher priority.
Option 3. Based on additional mapping between PPPP and carriers

In option 3, the UE is configured with allowed carriers for each PPPP values. The UE is only allowed to transmit MAC PDU of certain PPPP in allowed carriers. In this option, it may lead to imbalanced resource occupation of different carriers. For example, the carriers for certain PPPP range are overloaded whereas other carriers are idle due to the PPPP and carrier mapping. 

Proposal 3: Among the three options for implementing CBR/PPPP in carrier selection, RAN2 is suggested to adopt option 2 (additional CBR threshold for each PPPP).
Conclusion

In this contribution, we discussed some remaining issues with regard to carrier selection. Firstly, we discussed the impact of UE capability on carrier selection. Then we discussed whether carrier selection should be performed on RRC or MAC layer. Lastly, we discussed how to implement CBR/PPPP in PC5 carrier selection and present our considerations.  And we have the following observations and proposals:
Observation 1: In order to support the simultaneous sidelink transmission over multiple carriers for PC5 CA, UE needs to first perform sensing on those carriers. Therefore, Tx carriers for mode 4 sideink transmission are restricted to the Rx carriers configured for monitoring and sensing.

Observation 2: UE’s Rx capability is generally larger than UE’s Tx capability. So the Tx carrier that could be selected by UE should be equal to or less than the Rx carriers. 
Observation 3: There are one subframe retuning overhead which should be considered if UE’s Tx chain needs to switch among multi-carriers for sidelink transmission.
Proposal 1: Taking into account UE’s TX and Rx capability and Tx chain switching overhead, RAN2 is suggested to discuss two carrier selection schemes: fast carrier selection and slow carrier selection. 

Observation 4: RRC layer is suitable to perform the slow carrier selection whereas MAC layer is more suitable for the fast carrier selection. 
Proposal 2: RAN2 is suggested to first discuss whether fast or slow carrier selection should be adopted and then decide which layer (RRC vs. MAC) make the carrier selection decision.  
Proposal 3: Among the three options for implementing CBR/PPPP in carrier selection, RAN2 is suggested to adopt option 2 (additional CBR threshold for each PPPP).
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