3GPP TSG-RAN WG2 Meeting #100













R2-1713070
Reno, USA, 27th November – 1st December 2017
Title: 
Discussion on carrier selection in PC5 CA
Source: 
ZTE
Agenda item:
9.10.2
Document for:
Discussion and Approval
1. Introduction
During RAN2#99 meeting, topics on Tx carrier selection and limited Rx chain are discussed. And it was agreed that CBR, priority and UE capability on PC5 CA should be considered for the UEs’s Tx carrier selection, while it is not closed for other factors [1]. And it is still FFS on how to handle Rx limted V2X UE  In this contribution, we first discuss the impacting factors for Tx carrier selection. And then, we discuss the Tx carrier selection procedure for mode 3 and mode 4 UEs respectively. At last we discuss how to handle the Rx limited UEs.
2. Discussion
2.1 Tx carrier selection
As agreed in the last RAN2 meeting, the following factors should be considered as criteria for Tx carrier selection: 1) service type; 2) priority; 3) CBR measurement; 4) UE capability on PC5 CA. With regard to the service type, it is also agreed that AS is aware of candidate V2X frequencies associated with the V2X service type for V2X packet transmissions, which configured by upper layers (Same as Rel-14). In another word, the mapping of service type to the V2X frequencies for each V2X message is fulfilled in the upper layer. 
On the other side, there are still different views between companies on whether other QoS factors should be considered as criteria for Tx carrier selection, e.g. required reliability, required data rate, data delay budget, buffer size. In our opinion, the buffer size, the required data rate and required reliability of the data packet could be considered as criteria for Tx carrier selection. The required reliability should be used to determine whether data duplication should be applied for the V2X traffic and the number of the CCs, while the required data rate or the buffer size should be used to determine whether data split should be applied for the V2X traffic and the number of the CCs. More specifically, if the V2X service requires either high data rate (or the buffer size is very large) or reliability, more than one CC is required to meet the QoS requirements of the V2X traffic. The number of required CCs depends on the specific buffer size, required data rate or required reliability. With regard to data rate and buffer size, we think both of them are useful to trigger the PC5 data split. Data rate requirement of V2X traffic could be used as criteria for Tx carrier selection for data split of periodical eV2X traffic, e.g. use case of information sharing for limited automated driving. On the other hand, buffer size could be used as criteria for Tx carrier selection for data split of aperiodical eV2X traffic, e.g. use case of automotive sensor and state map sharing. In this use case, it is likely that the V2X data arrives at AS layer in burst. Buffer size is more appropriate to indicate the CC required when the burst of data buffered in logical channels. 
Proposal 1: Buffer size, data rate and reliability requirements should be considered as criteria in Tx carrier selection in the AS layer. 
As we know, the priority information (i.e. PPPP) could be delivered from upper layer to AS layer along with each data packet in the UE. And the UE could derive the packet delay budget from the PPPP value based on the configured mapping defined in CT1. However, it is hard to derive the required data rate and reliability requirement from the PPPP. For example, it is not always valid that packets with high PPPP value are associated with high reliability and or high data rate. As a result, RAN2 is suggested to consider how to obtain the data rate and reliability relevant QoS parameter of V2X data packets in the AS layer.  
Proposal 2: RAN2 is suggested to consider how to obtain the data rate and reliability requirements of V2X data packets in the AS layer.  
2.2 Procedure for Tx carrier selection 
In this section, we discuss the detailed procedure of Tx carrier selection for mode 4 IDLE UE, mode 4 CONNECTED UE, and mode 3 UE respectively. 
2.2.1 Tx carrier selection for Mode 4 UE in IDLE mode 
For mode 4 UE in IDLE mode, the Tx carrier selection is performed by the UE. There is no conclusion yet on which layer the data duplication or data split of PC5 CA should be done. However, PDCP data duplication is preferred for a majority of companies. On the other hand, MAC data split is preferred in our view since only one MAC entity is used for multiple carriers, which is similar to CA in Uu. Here we assumes that PDCP data duplication and MAC data split is used in PC5 CA. The detailed procedure of Tx carrier selection for mode 4 UE in IDLE mode is described as below. 
· Step 1. The upper layer derives the V2X frequencies according to the service type of the V2X message and the V2X service type - frequency mapping and delivers the V2X message, the corresponding V2X frequencies as well as priority to the AS layer.  
· Step 2. Each V2X data packet is mapped to one (for data split) or more (for data duplication) logical channel(s). If there is no appropriate logical channel for the V2X data packet, new logical channel(s) could be established by the UE. As we know, the PDCP duplication requires the establishment of multiple RLC entities and multiple logical channels corresponding to one PC5 RB and PC5 PDCP entity. In order to do so, it is necessary for the Tx UE to determine whether the data duplication should be enabled when establishing the PC5 RB/logical channels. In this situation, the reliability requirement of the V2X data packet should be obtained in the AS layer and be used to determine whether data duplication should be enabled and the number of the required carriers/logical channels. 
· Step 3. UE selects the usable carriers for PC5 CA. Firstly, based on the V2X frequencies associated with the V2X data packet, the UE could exclude the carriers which are not supported by the eNB which is indicated in the system information. Then, the UE could select the set of candidate V2X frequencies based on the UE’s PC5 CA capability, e.g. the band combination for simultaneous PC5 transmission, the number of Tx chain. On the other hand, the following working assumption on the synchronization in sidelink CA was achieved in RAN1#90bis meeting “from the transmitting UE perspective, a single synchronization reference is used for all aggregated carriers. When a UE transmits multiple MAC PDUs on multiple carriers, timing on all transmission carriers is aligned.”. On another word, only timing aligned carriers should be selected by the UE for simultaneous transmission. As agreed in the last RAN2 meeting, CBR should be considered which means only non-overloading carriers could be selected as candidate carrier for V2X transmission. In order for that, CBR threshold could be configured in the UE and carriers on which CBR measurement result is higher than the threshold shall be excluded from the set of candidate V2X frequencies. 
· Step 4. UE determines the mapping between logical channels and V2X frequencies. With regard to data split, buffer size or required data rate could be considered to determine whether data split could be enabled. For example, if the buffer size or the required data rate of the data packet is higher than the configured threshold, data split could be enabled for the corresponding logical channel. In addition, the priority of the data packet may also be considered. For example, if the PPPP value of the data packet is lower than the configured threshold, data split could be enabled for the corresponding logical channel. Suppose data split should be used for the logical channel, the UE shall determine the number of the required carriers for the logical channel based on the buffer size or the required data rate and the achievable data rate over specific carriers (derived from the transmission parameters determined by PPPP and CBR). As analyzed in step 2, if data duplication is used, multiple logical channels is established for one PC5 RB. And then, UE determines the available V2X frequencies for each logical channel, which is similar as the case of data split. Note that different freqencies should be used for multiple logical channels for the same PC5 RB. 
· Step 5. UE’s MAC entity performs the resource selection using mode 4 scheme on the selected frequency. LCP restriction should be used to ensure that V2X data packet of each logical channel is transmitted over the corresponding selected V2X frequencies. 
Proposal 3: Synchronization impact should be considered in Tx carrier selection, i.e. only timing aligned carriers should be selected by the UE for simultaneous transmission.
Proposal 4: Threshold information related to QoS (including data rate and reliability), buffer size and CBR could be configured to the UE by the eNB to assist the UE to determine whether data duplication or data split should be enabled and the number of the required carriers/logical channels. 
2.2.2 Tx carrier selection for Mode 4 UE in CONNECTED mode 
For mode 4 UE in CONNECTED mode, the Tx carrier selection could be performed either by the UE or by the eNB, which is discussed respectively in this section. 
Option 1: the carrier selection is performed by the UE 
· Step 1. UE sends SidelinkUEInformation message to the eNB, including the requesting frequencies and corresponding destination ID list and synchronization reference type.
· Step 2. The eNB sends RRCConnectionReconfiguration message to the UE, including the resource allocation mode (i.e. mode 3 or mode 4) and corresponding resource pool configurations. Optionally, the eNB could exclude the V2X frequency which is overloaded according to the reported CBR measurement results by the requesting UE or other UEs. Then the eNB could deliver the candidate V2X frequencies in ascendant order of CBR value via the RRCConnectionReconfiguration message to the UE. Only the V2X frequencies which is timing aligned could be included in the candidate V2X frequencies by the eNB. 
· Step 3. The UE performs Tx carrier selection based on the candidate V2X frequencies received from the eNB, UE capability of PC5 CA and the QoS requirements of the data packets, which is similar to mode 4 IDLE UE as described in section 2.2.1. 
· Step 4. UE’s MAC entity performs the resource selection using mode 4 scheme on the selected frequency. LCP restriction should be used to ensure that V2X data packet of each logical channel is transmitted over the corresponding selected V2X frequencies. 
Option 2: the carrier selection is performed by the eNB  
· Step 1. UE sends SidelinkUEInformation message to the eNB, including the requesting frequencies and corresponding destination ID list and synchronization reference type. As analyzed above, QoS requirements including required data rate and reliability shall be considered as a criterion for Tx carrier selection. However, the eNB has no idea of other QoS requirements such as required data rate and reliability of the data packet to be transmitted. As a result, the data rate and reliability relevant QoS parameter should be reported to the eNB in order to assist the eNB to perform the Tx carrier selection. 
· Step 2. The eNB sends RRCConnectionReconfiguration message to the UE, including the resource allocation mode (i.e. mode 3 or mode 4), the candidate V2X frequencies and corresponding resource pool configurations. Optionally, the eNB could exclude the V2X frequency which is overloaded according to the reported CBR measurement results. Only the V2X frequencies associated with the same synchronization reference type are included by the eNB. In addition, the eNB could perform the carrier selection based on the reported QoS requirements including required data rate and/or reliability from the UE. If data split and/or data duplication should be enabled, the eNB could indicate the data split and/or data duplication indication as well as the selected V2X frequencies to the UE. 
· Step 3. UE’s MAC entity performs the resource selection using mode 4 scheme on the selected frequency received from the eNB. LCP restriction should be used to ensure that V2X traffic of each logical channel is transmitted on the corresponding selected V2X frequencies. 
Proposal 5: For mode 4 UE in CONNECTED mode, the Tx carrier selection could be performed either by the UE or by the eNB.  For the eNB based carrier selection, the data rate and reliability relevant QoS parameter should be reported to the eNB in order to assist the eNB to perform the Tx carrier selection. 
2.2.3 Tx carrier selection for Mode 3 UE
The Tx carrier selection for mode 3 UE could also be performed either by the UE or by the eNB. For mode 3 UE, The first two steps is the same as mode 4 UE in CONNECTED mode, i.e. sending SidelinkUEInformation message to the eNB and receiving RRCConnectionReconfiguration message from the eNB. The difference is, the mode 3 UE shall send SR/SL-BSR to the eNB to request dedicated resources instead of autonomous resource selection. And the destination index in the SL-BSR could be used to implicitly indicate the requesting frequency. If the carrier selection is performed in the eNB, the UE sends the SL-BSR to request dedicated resources on the eNB configured V2X frequencies via RRCConnectionReconfiguration message. If the carrier selection is performed in the UE, the UE shall performed carrier selection based on the eNB supported V2X frequencies, UE capability of PC5 CA and the QoS requirements of the data packets. And then, the mode 3 UE sends the SL-BSR to request dedicated resources on the V2X frequencies selected by itself. Further consideration on resource requesting is presented in the companion paper [3]. 
Observation 1: For mode 3 UE, the Tx carrier selection could be performed either by the UE or by the eNB. 
Proposal 6: After the carrier selection performed by UE or eNB, UE may send the SL-BSR to request dedicated resources on the selected V2X frequencies and eNB may allocate the V2X sidelink resource of specific V2X frequencies via cross-carrier scheduling.
2.3 Considerations on limited Rx chain
Considering that some V-UEs/P-UEs may have limited numbers of Rx chains, simultaneous reception on all 8 carriers is not supported in those UEs. Some company proposes to introduce a priority order for the PC5 CCs which could be configured by the eNB to resolve the Tx- Rx mismatch problem. In this scheme, suppose several frequencies are associated with one service type, the Tx UEs and Rx UEs select the CC according to the PPPP of the data packet and the priority of the frequency. In our opinion, if the PC5 CCs are configured with a priority order for carrier selection, it is very likely that some high priority CCs are always overloaded while other CCs are seldom used. As agreed in last RAN2 meeting, CBR should be considered for Tx carrier selection. It means that the Tx UE shall select the less loaded carrier for the purpose of load balance. If the UE performs carrier selection based on the priority order of frequencies configured by the eNB, it would conflict with the CBR criteria. For example, the CBR result of the frequency associated with high priority would be very high. And the frequency with low CBR is very likely associated with low priority. 
Observation 2: If the UE performs carrier selection based on the priority of frequencies configured by the eNB, it would conflict with the CBR criteria for carrier selection.
Furthermore, even if the priority order for the PC5 CCs is configured by the eNB, the Tx-Rx mismatch problem may still happen in the inter-eNB scenario. In this case, the Tx UE and Rx UE are not served by the same eNB and different priority order of PC5 CCs may be configured by the two neighboring eNBs. For example, f1 and f2 could be used for V2X service 1. F1 is configured as higher priority for V2X service 1 by the serving eNB of the Tx UE while f2 is configured as higher priority for V2X service 1 by the serving eNB of the Rx UE. Then the Tx UE would select f1 as the transmission frequency and transmit on f1 for V2X service 1, while the Rx UE would select f2 as the receiving frequency and perform monitoring on f2. 
Observation 3: The Tx-Rx mismatch problem may still happen in the inter-eNB scenario even if carrier selection is based on the priority order for the PC5 CCs. 
In our opinion, when performing V2X sidelink reception, the UE shall monitor its interested frequencies/CCs based on the interested V2X service type. If the UE is not able to perform receiving on all of the interested frequencies/CCs simultaneously, the UE selects a set of V2X service(s) from its interested V2X services for V2X reception. The service type and corresponding priority or a list of service type in the order of priority could be configured in the UE to assist the UE to select the V2X service(s) for reception. 
Proposal 7: If the UE is not able to perform receiving on all of the interested frequencies/CCs simultaneously, the UE selects a set of V2X service(s) from its interested V2X services for V2X reception.
Proposal 8: The service type and corresponding priority could be configured in the UE to assist the UE to select the V2X service(s) for reception.
3. Conclusion
In this paper, We discussed the impacting factors for Tx carrier selection. And then, we discussed the Tx carrier selection procedure for mode 3 and mode 4 UEs respectively. At last we discussed how to handle the Rx limited UEs. And we have the following observations and proposals:
Proposal 1: Buffer size, data rate and reliability requirements should be considered as criteria in Tx carrier selection in the AS layer. 
Proposal 2: RAN2 is suggested to consider how to obtain the data rate and reliability requirements of V2X data packets in the AS layer.  
Proposal 3: Synchronization impact should be considered in Tx carrier selection, i.e. only timing aligned carriers should be selected by the UE for simultaneous transmission.
Proposal 4: Threshold information related to QoS (including data rate and reliability), buffer size and CBR could be configured to the UE by the eNB to assist the UE to determine whether data duplication or data split should be enabled and the number of the required carriers/logical channels. 
Proposal 5: For mode 4 UE in CONNECTED mode, the Tx carrier selection could be performed either by the UE or by the eNB.  For the eNB based carrier selection, the data rate and reliability relevant QoS parameter should be reported to the eNB in order to assist the eNB to perform the Tx carrier selection. 
Observation 1: For mode 3 UE, the Tx carrier selection could be performed either by the UE or by the eNB. 
Proposal 6: After the carrier selection performed by UE or eNB, UE may send the SL-BSR to request dedicated resources on the selected V2X frequencies and eNB may allocate the V2X sidelink resource of specific V2X frequencies via cross-carrier scheduling.
Observation 2: If the UE performs carrier selection based on the priority of frequencies configured by the eNB, it would conflict with the CBR criteria for carrier selection.
Observation 3: The Tx-Rx mismatch problem may still happen in the inter-eNB scenario even if carrier selection is based on the priority order for the PC5 CCs. 
Proposal 7: If the UE is not able to perform receiving on all of the interested frequencies/CCs simultaneously, the UE selects a set of V2X service(s) from its interested V2X services for V2X reception.
Proposal 8: The service type and corresponding priority could be configured in the UE to assist the UE to select the V2X service(s) for reception.
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