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1. Introduction
For the purpose of complexity reduction, V2V sub-channelization was discussed in RAN1 #85 with the following:
Proposed agreements:
· Sub-channelization is supported for PSSCH. 
· A sub-channel consists of a group of RBs in a same subframe. 
· The sub-channel size in a resource pool can be configured by eNB or preconfigured.
· Candidate sub-channel sizes are FFS.  
· Sub-channel size is the same in a resource pool. 
· Different sub-channels have disjoint group of adjacent RBs.
· FFS whether different formation of sub-channels is needed if multi-cluster transmission is supported. 
· Energy sensing granularity of PSSCH is based on the size of sub-channel. 
· The UE always (re)selects an integer number of subchannels for transmission.
· The UE always transmits on an integer number of subchannels.
This contribution discusses the reason of introducing sub-channelization in V2V resource pools, considers two types of sub-channel with small and large scale sizes respectively and appropriate subchannel design with some possible sub-channelization examples.
2. Discussion on sub-channelization in V2V resource pool
The concept of sub-channelization was firstly discussed to reduce complexity of energy sensing and SA blind decoding. In the energy sensing process, if sub-channel can be used as sensing granularity, obviously at least the sensing buffer can be reduced based on subchannel size. Sub-channelization can always provide gain once energy sensing is performed.
On the other hand, sub-channelization mainly affects SA blind decoding complexity when SA and associated data are transmitted in the same subframe and are adjacent in frequency domain, which was agreed in RAN1 #85 meeting.
SA blind decoding complexity depends on PSCCH definition. In case of SA and associated data transmitted in adjacent RBs of a subframe, generally there are two options: the resource pool can be seen as PSCCH (and thus PSCCH is overlapped with PSSCH resource), correspondingly SA blind decoding have to cover all RBs in the resource pool, resulting in significantly complexity; otherwise only some certain RBs regarded as PSCCHs can be used for SA transmission, this option actually equals to make a sub-channel division indirectly, since once PSCCH is fixed, the associated PSSCH have to start from adjacent RBs and PSSCH size is correspondingly limited in a fixed range. Compared with sub-channelization, the latter option reduces SA blind decoding complexity similarly but cannot achieve sensing gain.
Therefore, as a conclusion, sub-channelization in V2V could introduce complexity gain. We suggest both small scale and large scale sub-channels should be considered. Small scale subchannels can be used as new resource granularity instead of RB in V2V operations including energy sensing, eNodeB scheduling, control information indicated in SA, etc. Large scale subchannels can be used to avoid frequency domain non-adjacent transmissions as possible with appropriate subchannel design. The two types of sub-channelization will be discussed in the following sections.
Proposal 1: In sub-channelization both small scale and large scale subchannels should be considered.
2.1 Small scale sub-channel
Since in a resource pool the size of all subchannels should be the same, for the small scale sub-channel case, candidate sub-channel sizes of 2RB and 5RB are firstly considered in this contribution.
With subchannel size of 2RB, a subchannel contains either PSCCH or PSSCH, but cannot contain the two channels simultaneously. The way of using subchannels is totally the same as using RBs currently. There could be multiple subchannels defined as PSCCH in a resource pool, or UE could explicitly or implicitly indicate a subchannel selected for transmission as PSSCH or PSCCH. Obviously at least 50% complexity of blind decoding and sensing buffer is reduced with sub-channel size of 2RB.
With sub-channel size of 5RB, if the resource pool is configured as supporting overlap between PSCCH and PSSCH, a subchannel is preferred containing both PSCCH and PSSCH with 2RB and 3RB respectively. UE could select multiple adjacent subchannels for a single transmission, and choose only one PSCCH to transmit SA while others are regarded as PSSCH. The selection of PSCCH for SA transmission should protect the data continuity in frequency domain, which typically means choosing PSCCH in the lowest (or highest) sub-channel. Otherwise if PSCCH cannot be overlapped with PSSCH, 5RB sub-channel should be defined for PSSCH only and the size is possibly not optimal. Other candidate sizes could also be considered depending on PSCCH/PSSCH configuration.
Small scale subchannel mainly retains the flexibility of current scheme with complexity reduction. However, a single transmission generally needs multiple small scale subchannels, if overlap between PSCCH and PSSCH is not supported, subchannels designed as containing PSCCH and PSSCH simultaneously have to confront the potential non-adjacent in frequency domain, hence could be more appropriate when resources pools supporting PSCCH overlapped with PSSCH.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 2: Consider two options of small scale subchannel: a) 2RB size, not containing PSSCH and PSCCH simultaneously; b) 5RB size, 2RB for PSCCH and 3RB for PSSCH when overlap between PSCCH and PSSCH is supported. Other candidate sizes could also be considered depending on PSCCH/PSSCH configuration.
2.2 Large scale sub-channel
Large scale sub-channel is designed to transmit short messages in a single sub-channel as possible, and long messages can be transmitted in multiple sub-channels with appropriate PSCCH/PSSCH selection to optimize continuity in frequency domain.
The sub-channel number in a resource pool could be 3~5 at least for 50RB bandwidth case. In case of 5 subchannels in a resource pool, the size of subchannels can be 10RB with 2RB for PSCCH and 8 RB for PSSCH respectively. In case of 3 or 4 subchannels, there are multiple schemes to decide size of each subchannel. 
One example for 3 subchannels is that the size of each subchannel is 17RB with 2RB for PSCCH and 15RB for PSSCH respectively, additionally 1RB PSSCH overlap between the 2 lower subchannels is introduced. Otherwise if different subchannel sizes in a pool are supported at least for large scale subchannels, subchannel size could be a set of certain values, e.g. {17, 16, 17}. Another replacement option is that all subchannels have same size e.g. 16RB without overlapping, and the remained RBs can be reserved, or used as extra PSCCHs adjacent with other PSCCH in a subchannel. Once the adjacent subchannel is selected, an extra PSCCH can be used to transmit another SA message, which could be a copy of the original SA message, or a new one e.g. a reservation SA message for next period. Figure 1 shows possible examples of large scale sub-channelization.
Similarly, for 4 subchannels the size of each subchannel could be 13RB with 1RB overlap between 1st and 2nd subchannels and between 3rd and 4th subchannels, or non-equal subchannel sizes of {13, 12, 12, 13}, or all subchannel size could be 12RB and 2RB are reserved or regarded as an extra PSCCH. 


(a) 3 subchannels


          
      					(b) 4 subchannels,  			  (c) 5 subchannels
Figure 1 Large scale sub-channel in a 50RB resource pool
For any two adjacent sub-channels, the order of PSCCH and PSSCH could be reversed, as shown in Figure 1, to reduce potential frequency non-adjacent transmission. 
If PSCCH can be overlapped with PSSCH, similarly to small scale subchannels, UE selects adjacent subchannels based on general energy sensing and choose PSCCH located at the edge of multiple subchannels for SA transmission and other PSCCHs are occupied by data.
Otherwise if PSCCH is not allowed to be overlapped with PSSCH, possible examples with above subchannel design are shown in Figure 2. For messages transmitted in 2 subchannels, the combination of subchannels with adjacent PSSCHs could take precedence in the resource selection process, and PSCCH of either subchannel can be selected to transmit SA. For messages transmitted in 3 or 4 subchannels, two adjacent PSCCHs can be used for SA transmission. 


Figure 2 Large-scale subchannel PSCCH/PSSCH selection

Large scale sub-channelization further reduces blind decoding cost at the expense of decreased flexibility. Furthermore, no matter overlap between PSCCH and PSSCH are supported or not, large scale sub-channelization could reduce frequency non-adjacent transmission in most situations. However, for a single transmission, possible RB size for resource selection is relatively restricted by multiple of large scale subchannel size, thus may introduce potential resource waste if message length, RB size and available MCS are not matched.
Proposal 3: Support defining 3~5 large scale subchannels in a 50RB bandwidth resource pool, and additionally consider the following three options: a) allow overlap between adjacent PSSCH of subchannels; b) support non-equal subchannel size at least for large scale subchannels; c) use same subchannel size and the rest of RBs could be reserved or regarded as extra PSCCH to transmit another SA message.
With a given subchannel number in V2V resource pool, the sub-channelization configuration could be fixed. Therefore, both small scale and large scale subchannels can be configured by eNodeB through a single field of subchannel number indicated in the resource pool configuration message.
Proposal 4: In a resource pool with given bandwidth, subchannel configuration can be uniquely determined by the number of subchannels in the pool. 

3. Conclusion
Proposal 1: In sub-channelization both small scale and large scale subchannels should be considered.
Proposal 2: Consider two options of small scale subchannel: a) 2RB size, not containing PSSCH and PSCCH simultaneously; b) 5RB size, 2RB for PSCCH and 3RB for PSSCH when overlap between PSCCH and PSSCH is supported. Other candidate sizes could also be considered depending on PSCCH/PSSCH configuration.
Proposal 3: Support defining 3~5 large scale subchannels in a 50RB bandwidth resource pool, and additionally consider the following three options: a) allow overlap between adjacent PSSCH of subchannels; b) support non-equal subchannel size at least for large scale subchannels; c) use same subchannel size and the rest of RBs could be reserved or regarded as extra PSCCH to transmit another SA message.
Proposal 4: In a resource pool with given bandwidth, subchannel configuration can be uniquely determined by the number of subchannels in the pool. 
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