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At the RAN1#90b, the following agreements and conclusion were reached [1]: 
· Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure.
· Send LS to RAN4 (Alex-Intel) (R1-1719158, which is endorsed and approved in R1-1719159)  to ask their inputs of the following:
· Switching time for intra-band and inter-band due to TX switching and interruption time at the receiver.
· Feasibility of simultaneous transmission on intra-band, non-contiguous carriers. RAN1 requests feedback of impact of MPR and maximum psd imbalance between carriers.
· Conclusion: Continue discussion on whether address the following issue for resource selection for mode-4 CA:
· UE’s limited TX capability 
· TX chain switching time
· Half duplex problem
· TX power budget constraint

In this contribution, the remaining issues of resource (re)selection considering multiple carriers are discussed. 
Resource selection rules considering multiple carriers
A number of factors pertinent for resource (re)selection for mode-4 CA were identified in RAN1#90b, including TX switching time, intermodulation across simultaneously transmitted carriers, TX chain limitation, half duplex impact, and TX power budget constraint. In what follows, we discuss how these factors are modeled and considered in the resource reselection process one by one.
General procedure
In Rel-14, once requested by higher layers, the physical layer performs the determination of the subset of resources to be reported to higher layers in PSSCH resource (re)selection in sidelink transmission mode 4. Upon receiving the candidate resource set from PHY, The MAC layer randomly selects one resource for transmission within the candidate set. 
In Rel-15 multi-carrier scenario, based on existing RAN1 agreement in RAN1#90b, “sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4.”
After resource reselection, which is potentially associated with carrier selection, the higher layers requests the PHY to provide the candidate resource set corresponding to one specific TX resource pool on a selected carrier. The UE follows the same Rel-14 PHY procedure of determining the candidate resource set and reports to the higher layer. Then, the Rel-14 and Rel-15 procedures differ since the Rel-15 UEs further refine the resource candidate set, taking into account several factors listed above as well as resource selection decisions made on all other carriers. To summarize, the whole Rel-15 sensing and resource selection procedure is illustrated in Figure 1.
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Figure 1: Workflow of Rel-15 Mode 4 sensing procedure in multi-carrier scenario
In what follows, we discuss the factors that need to be considered in the highlighted Step 3 in Figure 1.
TX switching time
In RAN1#90b, an LS was sent to RAN4 [2] asking for inputs on the switching time for intra-band and inter-band due to TX switching and interruption time at the receiver. This is relevant for PC5 CA since when a UE switches its transmission from carrier A to carrier B, the time needed to complete this operation may be non-negligible in certain scenarios, and may affect the intended transmission on carrier B if the UE cannot complete switching in time. However, some simple cases can be discussed without RAN4 input.
At least one of the UEs RX RF chains needs to always be set on the band with basic safety services. Given that existing ITS bands are TDD, the RX and TX chains usually share the same VCO, thus the TX RF bandwidth should be able to cover the corresponding band as well. Hence, the TX switching time within the ITS safety band does not affect performance. 
If the UE has additional RF chains, it can select to monitor the non-safety bands that UE has interested in. When the two ITS bands share the same PA, the UE RF chain can switch from one band to another. The time needed for UE to adapt its RF bandwidth is in the order of 1ms [3].
Thus, incorporation of TX switching time in resource (re)selection can be treated differently for intra and inter band cases. For instance, as illustrated in Figure 2, the UE triggers resource (re)selection on CC3. Given that CC1 and CC3 are in different bands (inter-band case), the candidate resources that are adjacent to ongoing transmissions in CC1 are further excluded. No further restriction is applied on CC2 given it is intra-band to CC3.
Observation 1: For TDD ITS bands, RX and TX normally share the same local oscillator, TX switching time is negligible for intra-band scenario and is in the order of 1ms for inter-band scenario. 
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Figure 2: UE exclusion of candidate resources in CC3 considering inter-band TX switching time to/from CC1
Inter-modulation across simultaneous transmitted carriers
In RAN1#90b, the impact of inter-modulation (IMD) across simultaneous transmitted carriers and the associated MPR was discussed. Inputs from RAN4 on the feasibility of supporting simultaneous transmission on intra-band, non-contiguous carriers were also asked in the same LS sent to RAN4 [2].
Based on our understanding, Rel-14 RAN4 specification supports only intra-band contiguous multi-carrier scenario of 10MHz+10MHz and Rel-15 only introduces intra-band contiguous multi-carrier scenario of 10MHz+20MHz. As of now, so there is no discussion of intra-band non-contiguous scenario in RAN4, primarily because very large MPR and very small PSD imbalance is expected if the PA is shared between non-contiguous carriers, yet RAN4 has no study and conclusion on these values [4].
From our perspective, supporting simultaneous intra-band non-contiguous transmission would lead to very large MPR, which has serious impacts on communication range. On the other hand, supporting simultaneous intra-band transmission in contiguous carrier but non-adjacent RBs, the introduced MPR could be within the tolerable range and would require additional specification work. 
Observation 2: RAN4 inputs are needed for RAN1 to properly model the impact of IMD. 
TX chains limitation
For the multi-carrier scenario, the UE may have to transmit TBs corresponding to different service types that are mapped to different carriers. If the UE follows the Rel-14 procedure and independently selects a TX resource on each carrier, it is possible that the selected resources on these carriers are aligned in the same subframe, a case that the UE cannot support with the limited number of TX chains. As a result, the UE has to drop certain TB(s) transmission, which is undesirable especially when the dropped TB(s) belong to safety-related services. 
Observation 3: If UE follows the Rel-14 procedure and selects TX resource on each carrier independently, it is possible that the selected resources on these carriers are aligned in the same subframe, such that UE has to drop certain TB(s) transmission due to TX chain limitation.
To avoid undesirable TB dropping, upon receiving the candidate resource set from PHY, certain resources in the set need to be further excluded, as illustrated in Figure 3. In this example, UE has two TX chains and is triggered for resource (re)selection on CC3. Taking into account ongoing transmissions in CC1 and CC2, time-overlapped resources in the candidate resources set of CC3 are further excluded to meet UE TX chain constraint.
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Figure 3: UE exclusion of candidate resource in CC3 considering TX chain limitation
TX power budget constraint
The TX power limitation is another important aspect for multi-carrier simultaneous transmission, especially when the power budget is shared among several sidelink CCs.  According to the Rel-14 specification [5], the UE PSSCH transmit power in subframe n of a certain CC is determined as 

.
If higher layer parameter maxTxpower is configured

	
else

	

where is set to a maxTxpower value based on the priority level of the PSSCH and the CBR range which includes the CBR measured in subframe n-4. The transmit power can be pre-calculated at resource (re)selection time. The TX power limitation at certain subframe can be identified in advance. Thus, when performing resource selection, the UE can select a resource such that there is no power sharing limitation.
However, if the UE selects a transmission resource in subframe n, a CBR measurement is not available if UE is triggered for resource (re)selection before subframe n-4. Thus, that the transmit power on the selected carrier(s) is not available at the time of resource (re)selection. In such a case, one option is that the UE estimates the transmit power in subframe n based on its most recent CBR measurement, e.g., CBR measurement obtained at the time of resource (re)selection. 
Proposal 1: When UE is triggered for resource (re)selection in subframe m and selects to transmit in subframe n, UE pre-computes TX power and eliminates resources that would lead to power sharing limitation. In case of m<n-4, UE TX power is evaluated based on its most recent CBR measurement.
Half duplex impact
One straightforward way to minimize half duplex impact in multi-carrier case is to accumulate transmissions in the same subframe. Nevertheless, minimization of the half duplex impact is coupled with the aspects discussed above (e.g., TX power limitation) and could sometime result in conflicting design goals. For instance, while it is more beneficial to accumulate transmissions in the same subframe in order to minimize the half duplex impact, the UE may not be able to support it with a limited number of TX chains. It is also possible that when aligning multi-carrier transmissions in some subframes, the IMD impact may be severe. 
Nevertheless, from our perspective, addressing half duplex impact would bring system-level benefits in terms of PRR and thus could be considered and jointly optimized while respecting the limitations set by the factors listed in the above subsections.  
Proposal 2:
· In Rel-15 sidelink CA for Mode 4, the following aspects are considered in the procedure of UE resource (re)selection:
· 	TX switching time
· IMD impacts
· TX chain limitation
· TX power budget constraint
· Half duplex impact
· Candidate resources are further eliminated correspondingly in order to satisfy UE performance requirements 
Sidelink TX power sharing in the PHY layer
The power limiting issue was addressed in Section 2.5 in the resource selection process in the higher layer. Nevertheless, a physical layer power control mechanism is needed as well due to potential overlapped transmission on Uu (UL) and PC5 (SL). In R14 V2X, a similar issue was discussed and a PPPP-based power control mechanism was set in place such that the UE may drop UL TX or reduce UL TX power if the PPPP of SL packet is above a (pre-)configured PPPP threshold, otherwise the UE may drop SL TX or reduce SL TX power. The R14 design principle can be extended from our perspective when applying to simultaneous transmission of multiple SL CCs. 
From our perspective, the UE transmit power is allocated to meet sidelink transmissions with decreasing order of priority, i.e., transmit power for sidelink transmission with the highest PPPP should be allocated first, followed by the second priority, etc. It is left to UE implementation for sidelink transmissions with the same PPPP.
Proposal 3: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, UE’s transmit power is allocated to meet sidelink transmissions with decreasing order of priority. It is left to UE implementation for sidelink transmissions with the same PPPP.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the remaining issues of resource (re)selection rules and power sharing rules are discussed and we make the following observations:
Observation 1: For TDD ITS bands, RX and TX normally share the same local oscillator, TX switching time is negligible for intra-band scenario and is in the order of 1ms for inter-band scenario. 
Observation 2: RAN4 inputs are needed for RAN1 to properly model the impact of IMD.
Observation 3: If UE follows the Rel-14 procedure and selects TX resource on each carrier independently, it is possible that the selected resources on these carriers are aligned in the same subframe, such that UE has to drop certain TB(s) transmission due to TX chain limitation.
To address the discussed issues, we make the following proposals:
Proposal 1: When UE is triggered for resource (re)selection in subframe m and selects to transmit in subframe n, UE pre-computes TX power and eliminates resources that would lead to power sharing limitation. In case of m<n-4, UE TX power is evaluated based on its most recent CBR measurement.
Proposal 2:
· In Rel-15 sidelink CA for Mode 4, the following aspects are considered in the procedure of UE resource (re)selection:
· [bookmark: _GoBack]	TX switching time
· IMD impacts
· TX chain limitation
· TX power budget constraint
· Half duplex impact
· Candidate resources are further eliminated correspondingly in order to satisfy UE performance requirements 
Proposal 3: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, UE’s transmit power is allocated to meet sidelink transmissions with decreasing order of priority. It is left to UE implementation for sidelink transmissions with the same PPPP.
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