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Introduction
In the past RAN1#91 meeting [1], the following agreement is confirmed for resource selection in Mode 4 CA.
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)

After a lot of discussion on resource selection in Mode 4 CA, the following agreement is achieved in the RAN1#92 meeting [2].
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 this contribution, we will further discuss on the following remaining FFS issues in Mode 4 CA [1]. 
· FFS details, e.g., the carrier resource selection order should consider PPPP of transmission and CBR.
· FFS whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection
Resource selection in Mode 4 CA
According to the agreement, Option 1-1 shall be followed for the cases (a), (b), (c), and Option 1-2 shall be followed for the other case(s), i.e., case (d). Option 1-1 and 1-2 are shown below:
· 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.
For Option 1-1, one of the new features is that 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 based on a condition, which means that a resource exclusion procedure is needed to address the condition being UE’s TX capability limitation. Although the legacy sensing and candidate resource set formation procedure is done in the PHY layer, we think that the additional resource exclusion procedure should be done in the MAC layer other than in the PHY layer for the reasons provided below.
· This does not change the Rel-14 sensing and candidate resource set formation procedure in the PHY layer.
· According to the description of Option1-1, the new resource exclusion procedure is performed after the candidate resource set is reported by the PHY layer and it’s a straight forward mechanism to allow the new resource to be excluded from the reported candidate resource set in the MAC layer.
· The MAC layer knows the resource reservation in the other carriers.
Proposal 1: For the new resource exclusion procedure in Option1-1, it should be done in MAC layer.
Based on our understanding, the sensing and resource selection procedure on a certain carrier in Mode 4 CA could be described as the following:
· 

Step 1: Sensing and constructing the candidate resource set , with the PHY layer reporting to the MAC layer.
· 

Step 2: For the cases (a), (b), (c), some of the resources from the reported candidate resource set  are excluded in the MAC layer, as described in Option1-1 and the set of remaining candidate resources is denoted as .
· 
Step 3: The random resource selection procedure is performed on the remaining candidate resource set. If the resource selection leads to transmissions beyond the UE’s TX capability, i.e. case (d), then the UE re-does resource reselection, as described in Option1-2.
Carrier resource selection order
For resource selection in Mode 4 CA, one of the ‘FFS issues’ is about the carrier resource selection order and to determine this order, PPPP of transmission and CBR may be taken into consideration. In our point of view, if PPPP is considered, then this carrier resource selection ordering procedure should have RAN2 involvement, since it can be performed in the MAC layer. So, an LS may be needed to inform RAN2 that RAN1 assume that there is a carrier resource selection order for when the MAC performs resource selection on multiple CCs in Mode 4 CA. Furthermore, inform RAN2 that from RAN1 perspective, CBR is one of the factors that can be taken into consideration for carrier resource selection ordering and RAN2 may also take other factors (e.g., PPPP of the transmission) into account when determining the carrier resource selection order.
Proposal 2: Send LS to RAN2 to inform them that RAN1 assumes that there is a carrier resource selection order when MAC performs resource selection on multiple CCs in Mode 4 CA.
· Note: From RAN1 perspective, CBR should be taken into account for carrier resource selection ordering and RAN2 may also take other factors (e.g., PPPP of the transmission) into account. 
Half-duplex problem
Another ‘FFS’ is related to whether/how to consider other aspects (e.g., half duplex problem) in terms of resource selection. For half-duplex problem, there are several disadvantages if we consider it in terms of resource selection. First of all, it will change the per-carrier independent resource selection procedure defined in Rel-14 and may result in a lot of normative work. Secondly, due to the UE’s TX power budget constraint, it may not be possible to send PDUs over several CCs at the same time. So, we prefer not to consider the half duplex problem during the resource selection in Mode 4. But this does not preclude UEs from considering the half duplex problem in terms of UE’s implementation, e.g. UE can perform the resource selection procedure as Option 1-2 several times and select the one that causes the least half-duplex problem. Moreover, the UE can set a constraint on the number of subframes that the UE can occupy during resource selection. If the per-carrier independent resource selection leads to transmissions beyond the constraint on the number of subframes, then the UE would redo resource reselection.
Proposal 3: The aspect of half duplex problem could be considered in terms of UE’s implementation in Rel-15.
TX power budget constraint
For the aspect of TX power budget constraint, the Tx power will be divided on multiple CCs. So, if the selected resource on multiple CCs are on the same subframe, it is better to set a restriction on the maximum number of simultaneous transmission CCs to meet the TX power budget constraint. And the solutions to address this issue could be similar to the solutions provided to address the UE’s TX capability limitation. For instance, Option 1-1 or Option1-2 solution could be reused to address the TX power budget constraint problem or Option 2 solution of just dropping the transmission in the subframe on some CCs can be reused. Nevertheless, Option 2 may lead to a lot of packets being dropped. So, Option 1-1/Option 1-2 is our preferred method to address the TX power budget constraint issue.
Proposal 4: Option 1-1/Option 1-2 could be used to address the TX power budget constraint issue.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, the carrier selection and resource selection in mode 4 was discussed and the following proposals are given:
Proposal 1: For the new resource exclusion procedure in Option1-1, it should be done in MAC layer.
Proposal 2: Send LS to RAN2 to inform them that RAN1 assumes that there is a carrier resource selection order when MAC performs resource selection on multiple CCs in Mode 4 CA.
· Note: From RAN1 perspective, CBR should be taken into account for carrier resource selection ordering and RAN2 may also take other factors (e.g., PPPP of the transmission) into account. 
Proposal 3: The aspect of half duplex problem could be considered in terms of UE’s implementation in Rel-15.
Proposal 4: Option 1-1/Option 1-2 could be used to address the TX power budget constraint issue.
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