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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#91, the following agreements were reached on Mode 4 CA resource selection for UE with limited TX capability: 
· From RAN1 understanding, the limited TX capability means that the UE cannot support transmission(s) over carrier(s) in a subframe due to 
· (a) Number of TX chains smaller than the number of configured TX carriers or
· (b) UE doesn’t support the given band combination or
· (c) TX chain switching time or
· (d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance

· For a UE with limited TX capability, RAN1 considers the following options for resource selection in mode 4 CA.
· Option 1-1: When the UE performs the resource selection for a certain carrier, any subframe of that carrier shall be excluded from the reported candidate resource set if using that subframe exceeds its TX capability limitation under the given resource reservation in the other carriers.
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 1-2: If the per-carrier independent resource selection leads to transmissions beyond the TX capability of the UE in a subframe, UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources can be supported by the UE.
· FFS: whether it is up to UE implementation
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· Option 2: After performing the per-carrier independent resource selection, the UE shall drop transmission in a subframe where using that subframe exceed its TX capability limitation. 
· FFS details of dropping rule, e.g., whether/how to consider PPPP and CBR
· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection

· Down-select one combination among the followings:
· Option 1-1 for (a), (b), and (c)
· the UE shall drop transmission in a subframe where using that subframe is beyond TX capability with (d)
· Option 1-1 for (a), (b), and (c)
· UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d)
· Option 1-2 for (a), (b), and (c) + Option 2 for (d)
· Option 1-1 for (a), (b), (c), and (d)
· Option 1-2 for (a), (b), (c), and (d)
· Option 2 for (a), (b), (c), and (d)

In this contribution, the remaining issues of resource (re)selection and power sharing in the presence of multiple carriers are discussed. 
Discussion on UE with limited TX capability
In RAN1#91, the UE transmission capability limitation was discussed in terms of supporting transmission(s) over carrier(s) in a subframe. Four factors were identified in the context:
(a) Number of TX chains smaller than the number of configured TX carriers or
(b) UE doesn’t support the given band combination or
(c) TX chain switching time or
(d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance
We note that in RAN1#90b, RAN1 sent RAN4 an LS [1], asking for feedback on the feasibility of simultaneous transmission on intra-band, non-contiguous carriers. The reply LS on this part is [2]
Except intra-band contiguous multi-carrier scenario of 10MHz+10MHz in Rel-14, only intra-band contiguous multi-carrier scenario of 10MHz+20MHz for TX is introduced in Rel-15, so there is no intra-band non-contiguous scenario till now in RAN4. That is because very large MPR is expected if the PA is shared between non-contiguous carriers based on analysis results in legacy intra-band non-contiguous CA in LTE.. 
According to the LS, RAN4 only supports intra-band contiguous multi-carrier scenario as of now. The primary issue with the intra-band non-contiguous scenario is that MPR could be very large which the PA cannot support. Based on the feedback, one other factor that permits explicit resource exclusion by the UE is UE cannot transmit on intra-band non-contiguous carriers.
Proposal 1: Augment the “limited TX capability” list with factor (e) considering RAN4 LS feedback
(a) Number of TX chains smaller than the number of configured TX carriers or
(b) UE doesn’t support the given band combination or
(c) TX chain switching time or
(d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance or
(e) UE cannot transmit on intra-band non-contiguous carriers
Figure 1 illustrates how UE explicitly excludes resources based on factor (e). Assume that carriers A, B, and C are intra-band carriers. When being triggered for resources (re)selection on carrier A, UE considers currently scheduled transmissions on non-adjacent carrier C, and excludes candidate resources in subframes that would cause simultaneous transmissions on non-adjacent carriers A and C. 
[image: ]
Figure 1: Candidate resource exclusion in carrier A due to simultaneous transmission on intra-band non-adjacent carrier C (based on factor (e))
The above factors can be classified into two groups. The first group includes (a), (b), (c), and (e), which can be clearly captured following legacy R14 UE resource exclusion procedure. The second group is factor (d), where the UE RF capability could vary depending on specific implementations as long as it meets the minimum requirements: a UE may be able to handle larger PSD imbalance than the minimum required by RF specifications. One method to address (d) is to allow UE implementation-specific trial and error to find supported candidate resources.
Observation 1: For UEs with limited TX capability, factors (a), (b), (c) and (e) can be explicitly captured following legacy R14 UE resource exclusion procedure. Factor (d) depends on the UE implementation.
Discussion on candidate options and down-selection
Three large classes of options were identified in RAN1#91, to address resource (re)selection for UE with limited TX capability: 
· Option 1-1 explicitly excludes candidate resources beyond UE TX capability;
· Option 1-2 is a process of trial and error where UE makes repeated attempts until success; 
· Option 2 simply discards the selected resource and drops transmission if it exceeds UE TX capability
Among the option classes, Option 2 is clearly sub-optimal and inferior to Option 1-1 and Option 1-2, which would affect sensing performance. Therefore, we propose to not support Option 2 and related sub-options.
Proposal 2: Option 2 and related sub-options are not supported.
As discussed in the previous Section 2, Option 1-1 cannot explicitly address factor (d) due to different UE RF implementations. Thus, we propose to further exclude the sub-option “Option 1-1 for (a), (b), (c), and (d)”. 
Proposal 3: Combinations with Option 1-1 for (d) are not supported.
Based on Proposal 2 and 3, there are only two sub-options left for down-selection. To facilitate discussion, they are referred to as Option X and Y, respectively. Please be noted that factor (e) has been added in the sub-options based on Proposal 1.
· Option X: Option 1-1 for (a), (b), and (c), and (e)
· UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d)
· Option Y: Option 1-2 for (a), (b), (c), and (d) and (e)
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Figure 2: Comparison of Option X and Y on sensing and resource selection procedure
Option X and Y are compared pictorially in Figure 2 above. We made the following observations:
· Option Y follows the same R14 legacy sensing procedure in constructing the candidate resource set – resources in this set that exceed UE TX capability is contributed by all possible factors (a), (b), (c), (d), and (e). 
· Option X takes Option Y’s candidate set as baseline, prescreens it by excluding resources beyond UE TX capability meeting (a), (b), (c), and (e) – resources in the refined set is cleaner and impacted by factor (d) only.
· [bookmark: _GoBack]When UE apply “trial and error” in the respective the respective sets formed by Option X and Y, i.e., randomly selects candidate resources with equal probability, Option X has a clear advantage of convergence speed and is more computationally efficient.
Observation 2: Option X forms a cleaner candidate resource set than Option Y with less number of resources beyond UE TX capability.
Observation 3: When UE apply “trial and error” in the respective the respective sets formed by Option X and Y, Option X has a clear advantage of convergence speed and is more computationally efficient.
Therefore, based on the observations, we make the following proposal:
Proposal 4: The following sub-option is supported for PC5 Mode 4 CA:
· Option 1-1 for (a), (b), and (c), and (e)
· UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d)
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 5: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carriers due to limitation in available power, the UE 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, mode 4 CA resource selection and power sharing for UE with limited TX capability was discussed. We make the following observation and proposals:
Observation 1: For UEs with limited TX capability, factors (a), (b), (c) and (e) can be explicitly captured following legacy R14 UE resource exclusion procedure. Factor (d) depends on the UE implementation.
Observation 2: Option X forms a cleaner candidate resource set than Option Y with less number of resources beyond UE TX capability.
Observation 3: When UE apply “trial and error” in the respective the respective sets formed by Option X and Y, Option X has a clear advantage of convergence speed and is more computationally efficient.
Proposal 1: Augment the “limited TX capability” list with factor (e) considering RAN4 LS feedback
 (a) Number of TX chains smaller than the number of configured TX carriers or
(b) UE doesn’t support the given band combination or
(c) TX chain switching time or
(d) UE cannot fulfill the RF requirement due to, e.g., PSD imbalance or
(e) UE cannot transmit on intra-band non-contiguous carriers
Proposal 2: Option 2 and related sub-options are not supported.
Proposal 3: Combinations with Option 1-1 for (d) are not supported
Proposal 4: The following sub-option is supported for PC5 Mode 4 CA:
· Option 1-1 for (a), (b), and (c), and (e)
· UE re-does resource reselection within the given reported candidate resource set until the resultant transmission resources fulfill TX capability with (d)
Proposal 5: If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carriers due to limitation in available power, the UE 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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