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1
Introduction
After RAN2#101, there is an email discussion [1] conducted, which covers some aspects of the singaling design for Mode 3 operation support in Rel-15. However, based on the responses, there is still no consensus about the necessary signalling changes in Rel-15 to support mode 3 CA operation.    
In this paper, we discuss the user plane details and necessary signalling changes in both dedicated RRC signaling and MAC control elements to support Mode 3 operation for CA. 
2
Discussion

2.1 
Multi-carrier scheduling Issue for CA Mode 3
The dynamic scheduling behaviour in the user plane of V2X sidelink communication depends on the UE’s SL-BSR report. However, the parameters included in SL-BSR report are configured in RRC messages. Thus, whether the user plane operation can work properly also depends on the content in relevant RRC messages.
RRC message SidelinkUEinformation has been used in in Rel-12 as the UE-initiated signalling to solicit sidelink resource allocation for network-assisted mode [2]. For V2X sidelink communication, the key IE of this message is defined as follows:
SL-V2X-CommTxResourceReq-r14 ::=

SEQUENCE {


carrierFreqCommTx-r14


INTEGER (0.. maxFreqV2X-1-r14)


OPTIONAL,


v2x-TypeTxSync-r14



SL-TypeTxSync-r14



OPTIONAL,


v2x-DestinationInfoList-r14

SL-DestinationInfoList-r12

OPTIONAL

}

It can be seen that the signalling design formulates a one-to-many relationship between one frequency and a list of destination address. However, in Rel-15, such a relationship is “reversed” because each sidelink destination address can be sent in multiple frequencies. This creates a difficulty for both UE and eNB to understand the relationship between the targeted carriers of resource grants and the UE’s request in MAC CE because the SL BSR so far only contains a “Destination index” which is literally only maps back to one frequency only. 
Observation 1 One-to-many relationship between Destination address and frequencies in Rel-15 is ill- represented in SidelinkUEInformation.
When Rel-14 format of SidelinkUEinformation is used for V2X communication, the eNB can have information about up to 16 destination addresses based on the size of 4-bit Destination index.  The text in 36.321[3] about the counting of destination index is:

Destination Index: The Destination Index field identifies the ProSe Destination or the destination for V2X sidelink communication. The length of this field is 4 bits. The value is set to the index of the destination reported in destinationInfoList or v2x-DestinationInfoList and if multiple such lists are reported, the value is indexed sequentially across all the lists in the same order as specified in [36.331];
Now, in Rel-15, many of those destination address included in SidelinkUEinformaiton are going to be duplicate addresses because UE can send V2X packets for one destination in up to 8 CA carriers. According to rule of “indexed sequentially across all the listed in the same order specified”, a duplicate destination address will be counted to 8 times and using 8 different Destination Indexes. This means, in the extreme case, only 2 unique destination addresses can be identified in SL BSR report. 

Observation 2 The current definition and/or size of Destination Index is no longer sufficient in Rel-15 CA mode 3 support.
Moreover, the singaling design is also haunted by the case that destination address itself may not be unique and may collide [4], and this will add ambiguity about what is the exact service (e.g., PSID) related to the data required for scheduling and what is the proper carriers the UE wants to be scheduled. Therefore, Rel-14 signalling cannot be simply reused and design change is needed. 

Proposal 1 Improve RRC or MAC signalling format in Rel-15 to support Mode 3 CA.
2.2 Signaling design approaches

In this section, we discuss the following two ways to improve the signalling design.

Approach A: Redesign SidelinkUEinformation message but keep SL BSR format unchanged.

Inn this approach, to correctly identify such a relationship and avoid any confusion, the format of SL-V2X-CommTxResourceReq needs to be changed. The solution is to construct a one-to-many relationship based on each destination address and a list of candidate frequencies. Each entry is not anchored on a frequency, but on a particular V2X service (PSID) maps to this destination address. Given that the address collision issue explained in [3], this new design also allows to create multiple entries of the same Destination Layer 2 ID with different frequency set (mapped based on different V2X service type). Then, the destination index can be used to uniquely identify one particular request later in BSR, so that eNB can clearly understand the TX resource request is for which frequency set. 
For RRCConnectionReconfiguration message used in mode 3, the content of SL-V2X-ConfigDedicated can be as same as Rel-14. The network can still indicate the resources in the anchored frequency and inter-carrier frequencies, as usual. Anyway, the scheduling only happens after eNB processed the SL-BSR information sent by eNB.


Then, for sidelink BSR, since each destination index is uniquely pointed to one destination entry in the SidelinkUEInformaiton RRC message, the eNB is clear what is the frequency set allowed to schedule grants. There is no need for MAC CE signalling change. The current SL BSR support a 4-bit Destination index field, which up to 16 different entries in SidelinkUEinformation report. Therefore, up to 16 different V2X services may be allowed at the same time, which is sufficient.
Approach B: Redesign SL BSR and but keep SidelinkUEInformation format 
unchanged
Another approach is to change MAC CE format to add additional frequency indication and try to avoid change of RRC signalling. However, this still requires solving the issue about “destination index”. Otherwise,

In this approach (no RRC change), the destination index issue can be solved in one of the two ways as follow:

· Option 1: Use a large-size destination index

· Option 2: change the definition of destination index to be unique address counted/indexed among the sequentially across all the v2x-DestinationInfoList in the same order as included in SidelinkUEInfomation 1];
With the above change, SL BSR will be able to report the data amount for “all “the active V2X services transmitted by a V2X UE. Then, regarding which carriers the eNB to schedule the V2X transmission, an explicit frequency indication can be added in SL BSR. For example, a 8-bit bitmap can be added to indicate the frequencies the UE wants to be scheduled for the data amount reported in each entry of SL BSR report.
The additional field in BSR shall be used to indicate up to 8 different frequencies, with each frequency is actually represented by an index (between 0 and 7). Using an 8-bit bitmap is a convenient way to achieve this. 
Proposal 2 RAN2 consider redesign Mode 3 signalling with one of the two approaches:

Approach A)
SL-V2X-CommTxResourceReq of SidelinkUEInformation RRC message is organized as a list of Destination addresses and one or multiple frequencies is associated to each Destination address. Destination Index could be indexed directly based on each entry of Destination address. 

Approach B) Adding an 8-bit frequency bitmap in SL BSR to indicate the desired frequency for the traffic reported in sidelink BSR, plus either introduce a larger-size Destination Index or make Destination Index only counting the unique Destination Layer 2 IDs.
3
Conclusion 

In this contribution, we have the following observations:
Observation 3 One-to-many relationship between Destination address and frequencies in Rel-15 is ill- represented in SidelinkUEInformation.

Observation 4 The current definition and/or size of Destination Index is no longer sufficient in Rel-15 CA mode 3 support.
Based on the observations and related discussion, we have the following proposals:

Proposal 3 Improve RRC or MAC signalling format in Rel-15 to support Mode 3 CA.

Proposal 4 RAN2 consider redesign Mode 3 signalling with one of the two approaches:

Approach A)
SL-V2X-CommTxResourceReq of SidelinkUEInformation RRC message is organized as a list of Destination addresses and one or multiple frequencies is associated to each Destination address. Destination Index could be indexed directly based on each entry of Destination address. 

Approach B) Adding an 8-bit frequency bitmap in SL BSR to indicate the desired frequency for the traffic reported in sidelink BSR, plus either introduce a larger-size Destination Index or make Destination Index only counting the unique Destination Layer 2 IDs.
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