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In RAN1#91, the following agreements were made for mode-4 operation of CA on PC5.
Agreement:
· 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 RAN1#92, the following agreements were made for mode-4 operation of CA on PC5.
Agreement: 
· Case (b) includes unsupported carrier combinations as well as band combinations
For cases when limited tx capability the UE cannot support transmission(s) over carrier(s):
· The UE shall follow Option 1-1 for (a), (b), (c)
· Otherwise, the UE shall follow Option 1-2

In RAN1#92bis, UE power allocation constraints for simultaneous transmissions were discussed and the following agreements were made.
Agreement: 
· If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carrier due to limitation in available power, then UE should prioritise transmission on higher priority packets.
· If there is overlap in one TTI of same priority packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
· In case of conflict with uplink transmission, Rel-14 rules are used with respect to uplink transmissions

In this contribution, we discuss the remaining FFS aspects for mode-4 CA.  
2	Random resource selection
As per RAN1#92 agreements, when the UE performs resource selection for a certain carrier, the PHY layer excludes the subframes that do not meet the TX capability from the resource set to be reported to higher layer. Furthermore, if the per-carrier independent resource selection still leads to transmission beyond the TX capability of the UE, UE re-does resource reselection within the given reported candidate resource set until the resulting transmission can be supported by the UE.
The above described solution works well for (partial) sensing-based resource selection. However, in case of pedestrian UEs, it is possible that the P-UE performs random resource selection without sensing. We believe that in this scenario, Option 1-1 is not valid any more since PHY layer does not report any set of resources to the higher layer. 
Option 1-1 is not applicable in case of random resource selection by the pedestrian UE since there is no sensing. 
Therefore, the most straight forward approach is to use option 1-2 if transmission based on random selection is configured by upper layers. In other words, MAC layer does per-carrier independent resource selection and if PHY layer cannot perform transmission due to limited TX capability, a UE redoes resource selection until the resultant transmission is supported.  
UE shall only follow Option 1-2 if transmissions based on random selection is configured by upper layers. 
3			Remaining aspects for mode-4 CA
In addition, there were some discussions around the rules for resource selection for the case when UE performs resource (re)selection on more than one carrier simultaneously, which were put as FFS. Although this is a corner case, we discuss these issues for the completion of the feature. 
3.1	Power allocation and half duplex 
It has been observed by some companies that the PRR performance may degrade also due to the following reasons.
· Lower availability of resources for transmissions: This may happen due to the half-duplexing restriction of a UE i.e. a UE transmitting (or receiving) in a subframe cannot simultaneously receive (or transmit) in the neighboring sub-channels (either in same band i.e. intra-band or in some combinations of different bands i.e. inter-band). This results in increase in PRR due to non-availability of the resources for transmissions. 
· Lower transmission power: Due to power distribution among simultaneous transmissions in the same subframe, a power limited UE may suffer decrease in performance as compared to single transmission.    
The natural solution to limit the half-duplex problem and increase the PRR performance is to perform resource (re)selection in a way that same subframe is used for the transmissions on aggregated carriers [1]. That is, parallel transmissions of MAC PDUs on the component carriers are always transmitted on same subframes so that a UE can sense and/or receive in all the remaining subframes where it is not transmitting. On the other side, this may also lead to degradation of PRR performance due to UE power limitation. Therefore, a solution to one problem will generate another problem with the same eventual effect on performance. 
Observation 2 	UE half-duplex and power limitation are two problems with contradicting solutions and with similar effect on performance. 
Also note that similar problem related to half-duplex exists in case of Rel.14 multi-carrier transmissions.  
We believe that independent resource (re)selection without any extra restrictions should be performed by higher layer based on the set of resources reported by the PHY layer even in case when UE performs resource selection on more than one carrier simultaneously. 
Proposal 2	The UE shall follow option 1-1 for (a), (b), (c) and option 1-2 otherwise, even for the case when simultaneous resource (re)selection is triggered for more than one carriers simultaneously. In other words, per-carrier independent resource selection is performed from the reported candidate resource set. 
Note that this approach solves the problem described by some companies in which the decision made in one carrier changes the “limited TX capability” restrictions on other carriers. It is sufficient that resource reselection (including the step in which PHY reports the resources to higher layers) is performed sequentially over the set of carriers.
3.2		Carrier order for resource selection
Besides, there was a discussion to adopt certain rules on carrier selection order based on PPPP and CBR for the case of simultaneous resource (re)selection on multiple carriers. We think that having such rule can optimize the overall system performance. For instance, if resource selection is triggered on two (or more) carriers simultaneously it is beneficial to perform resource selection first on the carrier carrying high priority packet and later perform resource selection for other carrier(s) based on Option 1-1. In case of same priority traffic, CBR is considered. Meaning, carriers are selected based on the order of decreasing CBR level. 
Proposal 3	In case of simultaneous resource (re)selection on multiple carriers, carriers with higher priority packet are considered first and in case of same priority, carriers are selected based on decreasing CBR.   
4			 Conclusion
In Section 2 and Section 3, we made the following observations:
Observation 1	Option 1-1 is not applicable in case of random resource selection by the pedestrian         UE since there is no sensing. 
Observation 2 	UE half-duplex and power limitation are two problems with contradicting solutions and with similar effect on performance. 
[bookmark: _GoBack]Based on the discussion and observations, we made the following proposals.
Proposal 1	UE shall only follow Option 1-2 if transmission based on random selection is configured by upper layers. 
Proposal 2	The UE shall follow Option 1-1 for (a), (b), (c) even for the case when simultaneous resource (re)selection is triggered for more than one carriers simultaneously. In other words, per-carrier independent resource selection is performed from the reported candidate resource set.
Proposal 3	In case of simultaneous resource (re)selection on multiple carriers, carriers with higher PPPP packet is considered first and in case of same PPPP, carriers are selected based on decreasing CBR. 
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