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Introduction
RAN1 #85 has discussed the following proposal regarding subchannelization for V2V over PC5:
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.
Continue discussion.
RAN1 #85 also reached an agreement that may require SA and data transmission, when transmitted in the same subframe, to be transmitted in adjacent RBs.
In this paper we continue the discussion on subchannelization and some issues regarding power measurement for sensing. 
[bookmark: _Ref458521846][bookmark: _GoBack]Subchannelization
[bookmark: _Ref456705525]Sections 2.1 to 2.3 discuss the subchannelization for the pool configuration that requires SA and data pools to be disjoint. Section 2.4 discusses subchannelization for the other case, namely pool configuration that allows SA and data pools to overlap. Proposals are collectively presented at the end of the section.
Note that we do not support multicluster transmission, hence we see no need to discuss subchannelization in multicluster scenario.
[bookmark: _Ref457907493]Data resources
In order to reduce the problem of bandwidth fragmentation, we believe that it is necessary to introduce restrictions on the use of the bandwidth. More specifically, we propose that the part of system bandwidth dedicated to transmission of data packets be divided into subchannels. That is, a UE would be allowed to transmit using the entire bandwidth; or using one of two non-overlapping half-bandwidth subchannels; or using one of four non-overlapping quarter-bandwidth subchannels, etc. We illustrate this in Figure 1. 
The division of the system bandwidth into subchannels is also beneficial for sensing from a complexity point of view. Moreover, the control signaling overhead is also reduced.
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[bookmark: _Ref450831301]Figure 1. Division of the part of the system bandwidth that is dedicated to transmission of data packets into subchannels.
[bookmark: _Ref456705538]SA resources
RAN1 has agreed that the number of RBs used in the transmission of an SA be fixed, particularly be 2 consecutive PRB pairs in a subframe if the number of SA bits is less than 64 including CRC (RAN1#85). Consequently, it is reasonable to divide the part of the system bandwidth into non-overlapping subchannels with the same size as the size of the SA. We illustrate this in Figure 2.
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[bookmark: _Ref450831313]Figure 2. Division of the part of the system bandwidth that is dedicated to transmission of SA packets into subchannels.
[bookmark: _Ref457907507]Relationship between SA and data subchannels
If subchannels are used for both SA and data, it is beneficial to define a relationship between SA and data subchannels. This simplifies resource allocation and also reduces the probability that an SA is received while its associated data is not (due to a collision) or vice versa. For example, given our illustration of the division of the system bandwidth in Figure 3, data transmissions in the subchannels labelled as ‘Data-X-Y’ would always be scheduled by the SA in the subchannels ‘SA Y’ (where X={1,2,4} and Y={1,2,3,4}).
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[bookmark: _Ref450832362]Figure 3. Illustration of the system bandwidth divided into SA and data subchannels.
Considering the evaluations presented by us and other companies in the past, we believe that defining data subchannels spanning as little as 1/4 of the bandwidth is sufficient. For SA width of 2 PRBs, this would correspond to data subchannels  with 10/11 PRBs.
[bookmark: _Ref457906329]Subchannels when SA and data are transmitted in adjacent PRBs
RAN1 #85 agreed to support pool definition where SA and associated data transmitted on the subframe are always adjacent in frequency. In our companion paper [2] we also support overlapping of SA and data pools in order to facilitate wideband transmissions. In this case we believe that it is reasonable to divide the whole system bandwidth for V2V over PC5 into disjoint subchannels with each subchannel to be used for both SA and the associated data or for data only in case of wideband transmission as illustrated in Figure 4. In this example figure the system bandwidth is divided into 4 subchannels, each occupies ¼ of the whole bandwidth and can be used for transmission of both SA and data. A wideband transmission (1/2 or full bandwidth) would use 2 or 4 subchannels, among those only one subchannel contains both SA and data, the other subchannels are used for data only.
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[bookmark: _Ref457905594]Figure 4. Illustration of the system bandwidth divided into subchannels when SA and data are transmitted in adjacent PRBs.

Proposals:
· For the case SA and data pools are non-overlapping:
· Subchannelization applies to both PSCCH and PSCCH resources, as specified next.
· The frequency resources for transmissions of data packets are divided into subchannels:
· 2^k non-overlapping subchannels of (approximate) width 1/2^k are defined.
· Each (re)transmission of a TB occupies an integer number of subchannels.
· The frequency resources for transmissions of SA packets are divided into 2^k non-overlapping subchannels.
· Each subchannel consists of a number of contiguous PRBs equal to the size of the SA.
· Each (re)transmission of an SA occupies an integer number of subchannels.
· A data subchannel is always scheduled by the same SA subchannel.
· For a given data subchannel width, each data subchannel is scheduled by a different SA subchannel.
· For a 10 MHz carrier k=2.
· FFS: k for other system bandwidths.
· For the case SA and associated data are transmitted in the same subframe and SA and data pools are overlapping:
· The frequency resources for transmissions of SA+data packets are divided into subchannels:
· 2^k non-overlapping subchannels of (approximate) width 1/2^k are defined
· Each subchannel can be used to transmit SA+data or data only.
· Each (re)transmission of SA+data or data only of a TB occupies an integer number of subchannels.
Power measurements for sensing
In mode-2 resource allocation, each UE senses the status of the radio resources of interest and selects resources for its future transmission(s). One method of sensing which has been widely used in contention-based resource allocation (e.g., in CSMA systems such as the IEEE 802.11) is measurement of signal power in the interested resources. In contrast to the TDMA nature of IEEE 802.11 technology, however, the LTE-based V2X system is an OFDMA system where each complete transmission consists of a transmission of SA and a transmission of data. These features clearly affect the design of the sensing protocol. 
First we note that the measurement under discussion is performed over the resources, not targeting any particular users, and the measurement should be done over all OFDM symbols in a TTI.
As for how measurements can be performed on the subchannels, we distinguish two cases as follows. In the first case when the pool configuration requires the set of resources for SA and for data to be disjoint, since SA and data usually occupy different number of resource blocks it is natural to separate the power measurements for SA and for data. In the second case when the pool configuration allows SA and data resources to be overlapping, since there is only one type of subchannel as described in Section 2.4 it is natural to have a single measurement for each subchannel (for both SA and data). Also note that for the latter case SA and associated data are transmitted in the same subframe and contiguous in frequency. As a result, we expect that the transmitted power is distributed evenly across SA and data, giving no reason to measure SA and data separately. Based on our analysis and proposals in Section 2 we have the following proposals on power measurements for sensing.
Proposals:
· For a pool configuration that requires SA and data pools to be non-overlapping:
· Power measurements for SA and for data are separated and performed per TTI. 
· Power measurement is performed per SA subchannel and per data subchannel.
· For a pool configuration that allows SA and data pools to be overlapping:
· A single power measurement for both SA and data is performed per subchannel.
Conclusion 
In this paper we discuss the necessity of having subchannels and details of power measurement used for sensing in V2X networks. 
Proposals:
· For the case SA and data pools are non-overlapping:
· Subchannelization applies to both PSCCH and PSCCH resources, as specified next.
· The frequency resources for transmissions of data packets are divided into subchannels:
· 2^k non-overlapping subchannels of (approximate) width 1/2^k are defined.
· Each (re)transmission of a TB occupies an integer number of subchannels.
· The frequency resources for transmissions of SA packets are divided into 2^k non-overlapping subchannels.
· Each subchannel consists of a number of contiguous PRBs equal to the size of the SA.
· Each (re)transmission of an SA occupies an integer number of subchannels.
· A data subchannel is always scheduled by the same SA subchannel.
· For a given data subchannel width, each data subchannel is scheduled by a different SA subchannel.
· For a 10 MHz carrier k=2.
· FFS: k for other system bandwidths.
· For the case SA and associated data are transmitted in the same subframe and SA and data pools are overlapping:
· The frequency resources for transmissions of SA+data packets are divided into subchannels:
· 2^k non-overlapping subchannels of (approximate) width 1/2^k are defined
· Each subchannel can be used to transmit SA+data or data only.
· Each (re)transmission of SA+data or data only of a TB occupies an integer number of subchannels.

Proposals:
· For a pool configuration that requires SA and data pools to be non-overlapping:
· Power measurements for SA and for data are separated and performed per TTI. 
· Power measurement is performed per SA subchannel and per data subchannel.
· For a pool configuration that allows SA and data pools to be overlapping:
· A single power measurement for both SA and data is performed per subchannel.
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