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1   Introduction
At last RAN2#101 meeting, it was agreed that Tx carrier selection based on (pre)configuration is performed in MAC layer, however it is FFS whether the LCP change is needed [1]:
	Agreements

1: When UE performs Tx carrier selection using CBR and PPPP, Tx carrier selection based on a configuration of Rel-14 CBR-PPPP-TxConfigList is used as a baseline.

2: Tx carrier selection based on (pre)configuration is performed in MAC layer. FFS on the need of LCP change.

3: For Tx carrier selection, introduce new Rel-15 parameters on top of the Rel-14 CBR-PPPP-TxConfigList.

4: FFS on how to select the final carrier(s) among the multiple candidate carriers in which the UE is capable to transmit. We will decide option out of two (i.e. based on CBR or leaving it to UE implementation) next meeting.


In this contribution, we first discuss the LCH restrictions of the mapping between logical channel and carrier, and then present the detailed LCP procedure for sidelink CA. 
2   Discussion
Mapping between logical channel and carrier
According to TS 24.386, the upper layers can request the UE to send a V2X message of a V2X service and pass one or more V2X frequencies associated with the V2X service and destination ID to AS layers for V2X sidelink transmissions. UE should ensure a V2X service to be transmitted on the corresponding frequency. It means that for the logical channels established to carry V2X messages, it should be associated with one or more V2X frequencies for a given V2X service. When UE performs the LCP, the V2X frequencies associated with the logical channels should be considered. 
Observation 1: For the logical channels established to carry V2X messages, it should be associated with one or more V2X frequencies for a given V2X service.
On the other hand, it was agreed in RAN2#100 that “As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity”. It means that the MAC entity need to map the data packet of the two logical channels to different carriers. Then the data packet can be independently transmitted by the HARQ entity associated with the respective carriers. For the mapping of logical channels to specific carriers, logical channel carrier mapping rules would be required. So far, logical channel carrier mapping has been agreed for NR CA and HRLLC WI. In NR packet duplication, RRC configures the mapping restrictions of LCHs and carriers and MAC uses the restrictions in LCP to ensure the LCH carrying the original PDCP PDUs and LCH carrying the duplicates are sent on the configured carriers separately. So it is natural to introduce the logical channel mapping restrictions to V2X to support PC5 data duplication. With the logical channel mapping, UE can apply the restriction in LCP procedure, which could greatly simplify the MAC operation and is aligned with the scheme in Uu packet duplication. 

Observation 2: Considering PC5 data duplication, it is beneficial to support the mapping between logical channel and carrier for the MAC operation.
For mode 4, the mapping can be configured by UE itself when it autonomously decide to enable/activate duplication and the duplicated LCH pair is established. For mode 3, the mapping can be configured by eNB when receiving PPPR information from UE and determining to configure duplication transmission. With the mapping, the mode 3 resource scheduling could be greatly simplified. Otherwise, UE may be confused in understanding the mode 3 resource grant and leads to waste of resource.

For example, V2X service 1 is associated with frequency f1, f2 and f3. One traffic flow support high PPPR and data duplication is activated for it. LCH1 and LCH2 are established for data duplication and buffer size is X for them respectively, as shown in Figure 1(a). Suppose the original LCH and the duplicated LCH is mapped to the same LCG1, it is not clear if the buffer size report of LCG1 should be X or 2X. Suppose buffer size X is reported and eNB is wise enough to determine that actually 2X amount of resource are needed. The eNB may allocate the resource grant such as 50%X in f1, 50%X in f2 and 100%X in f3 and sent it to UE. Note that in this case, the dest index is only used for indicating the destination ID but not frequency, so that eNB may randomly allocate resources on each of the three frequency, and the sum of the resources should be equal to the actual amount of resources 2X.

Since there is no mapping between logical channel and carriers, the UE may use 50%X in f1 for LCH1’s data transmission and 50%X in f2 for LCH2’s data transmission in case of UE receives the grant in f1 and f2 first. Subsequently, the UE receives the grant in f3, UE could only use 50%X resource in f3 for either LCH1 or LCH2, not both of them due to the previous agreed data duplication restrictions. So the other 50%X resources in f3 are wasted. 

The above issue is mainly because UE and eNB are not aligned with their understanding of logical channel and carrier mapping. eNB may think that the f1 and f2 are used for original packets, and f3 for duplicated packets. However, UE may not correctly get the eNB’s intention since no explicit signaling for that. 
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Figure 1. Illustration of BSR report and SL grant allocation

While if the mapping between logical channel and carrier is configured, such as LCH1 and LCH2 are mapped to f1 and f2 respectively, as shown in Figure 1(b), UE can report BSR per carrier that the BSR {dest index 0, LCG1, X-Y} and {dest index 1, LCG1, Y} and {dest index 2, LCG1, X}. In this way, the network would know the data volume to be transmitted in each frequency and then allocate the resource. Note this case requires the logical channel group only containing the logical channels with single carrier mapping. 
Observation 3: Without the mapping between logical channel and carrier, UE may be confused in understanding the mode 3 resource grant and leads to waste of resources. 
Proposal 1: It is suggested that the mapping between logical channel and carrier is configured for PC5 data duplication.
As discussed in [2], V2X messages for a given destination ID may be associated with different frequency sets (including partially overlapping frequencies) when taking into account the destination address collision. For this scenario, it would be better to establish/configure different logical channels/logical channel groups for those V2X messages with the same destination ID but associated with different frequency sets to facilitate the MAC scheduling for sidelink CA. As shown in Figure 2, both V2X service 1 and V2X service 2 are mapped to destination id 1. The V2X message for V2X service 1 is associated with V2X frequencies {f1, f2} whereas V2X messages for V2X service 2 is associated with V2X frequencies {f2, f3}. The UE may report the logical channel group and corresponding V2X frequency set to the eNB, e.g., LCG1 and LCG2 could be mapped to {f1, f2} and {f2, f3} respectively. Then UE report BSR to eNB, such as {dest index 0, LCG1, X1} and {dest index 1, LCG2, X2}. When eNB receives the BSR, eNB finds out {f1, f2} and {f2, f3} are mapped to LCG1 and LCG2 of destination id 1 respectively. Then eNB provides resource grant on f1, f2 and f3 to jointly carry data volume X1 and X2, e.g., grant on f1 to carry (X1-Y), grant on f2 to carry (Y+Z), grant on f3 to carry (X2-Z). Y is a value between (0, X1) and Z is a value between (0, X2).
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Figure 2. Illustration of sidelink resource request under destination address collision
Proposal 2: It would be better to establish/configure different logical channels/logical channel groups for those V2X messages with the same destination ID but associated with different frequency sets to facilitate the MAC scheduling for sidelink CA.
LCP procedure
For R14 V2X LCP, for each SCI corresponding to a new transmission in V2X sidelink communication, MAC entity first selects a Destination having LCH with highest logical channel priority among the LCHs having data available for transmission, and then allocates resources to the LCH with highest priority among LCHs belonging to the selected Destination having data available for transmission. If there is any remaining resource, LCHs belonging to the selected Destination are served in decreasing order of priority until either the data for the LCH(s) or the SL grant is exhausted, whichever comes first.
In R15 V2X considering sidelink CA, V2X messages of each destination of the UE may be transmitted via several carriers. On the other hand, each carrier may carry V2X messages of several destinations of a UE, but only LCHs of the same destination on each carrier having data available for transmission can be multiplexed and assembled into one MAC PDU. 

Observation 4: Only LCHs of the same destination having data available for transmission can be multiplexed and assembled into one MAC PDU.
Upon obtaining SL grant on a carrier, UE MAC may perform LCP to allocate resources for sidelink logical channels in following way:
· For each SL grant, first of all, MAC entity selects a Destination. 

According to the mapping of V2X service type (destination ID) and frequency set provided by application layer, UE finds out which destinations can be transmitted on the carrier of the SL grant and selects a destination having LCH with highest priority among LCHs having data available for transmission. At the same time, UE could take duplication transmission into account. 

· Selection of LCHs for this SL grant.
As discussed in section 2.1, it is better to configure the mapping between logical channel and carriers for V2X transmission. If the mapping between LCH and carriers is configured, it should be taken into account for selection of sidelink LCHs. Specifically, among the LCHs belonging to the selected Destination having data available for transmission, the LCHs associated with the carrier of the SL grant may be selected for transmission.
Proposal 3: LCH restrictions such as the mapping between LCH and carrier, if configured, shall be considered when selecting available LCHs for the SL grant.

· Allocation of resources.
Among the selected LCHs for this SL grant, allocate resources for the LCH with highest priority. If any resources remain, other selected LCHs are served in decreasing order of priority until either the data for the LCH(s) or the SL grant is exhausted, whichever comes first. The selected LCHs for this SL grant are served in decreasing order of priority strictly regardless of non-duplicated LCHs or duplicated LCHs.
If multiple SL grants are obtained at the same time, considering the mapping of V2X services and frequency sets and duplication transmission may exist, UE can handle the SL grants with above steps synthetically. It is up to UE implementation in which order the SL grants are processed.
Proposal 4: RAN2 is kindly suggested to consider the above LCP procedure.
3   Conclusion
In this contribution, we discussed the LCH restrictions that the mapping between logical channel and carrier, and presented the detailed LCP procedure for sidelink CA. And we have the following observations and proposals:
Observation 1: For the logical channels established to carry V2X messages, it should be associated with one or more V2X frequencies for a given V2X service.
Observation 2: Considering PC5 data duplication, it is beneficial to support the mapping between logical channel and carrier for the MAC operation.
Observation 3: Without the mapping between logical channel and carrier, UE may be confused in understanding the mode 3 resource grant and leads to waste of resources. 
Proposal 1: It is suggested that the mapping between logical channel and carrier is configured for PC5 data duplication.
Proposal 2: It would be better to establish/configure different logical channels/logical channel groups for those V2X messages with the same destination ID but associated with different frequency sets to facilitate the MAC scheduling for sidelink CA.
Observation 4: Only LCHs of the same destination having data available for transmission can be multiplexed and assembled into one MAC PDU.
Proposal 3: LCH restrictions such as the mapping between LCH and carrier, if configured, shall be considered when selecting available LCHs for the SL grant.

Proposal 4: RAN2 is kindly suggested to consider the above LCP procedure.
4   Reference
[1] RAN2#101 Chairman Minutes.

[2] R2-1804506, Report of 101#73 Destination address enhancements, ZTE
3GPP


