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1. Introduction
In email discussion [85-09], the following agreement is made:

· UE skips sensing at least on the subframes used for its own transmissions.
· FFS how this is reflected in the resource (re)selection, e.g., whether/how to exclude the subframes for which sensing result (including information gathered from both energy measurement and SA decoding) is not available at least in case of SA and data are transmitted in the same subframe.
In RAN1#86 meeting, Rel-14 V2V WI has been successfully accomplished. However, the above FFS part is not resolved. In this contribution, the necessity to resolve the FFS part is discussed, and our preferred solution is provided. 
2. Impact of UE skipping sensing in the sensing window 
In Rel-14 V2V, sensing based UE autonomous resource selection with semi-persistent scheduling was designed. The major motivation is to enhance the system performance by avoiding potential collisions among UEs. By sensing and resource reservation, UE can predict the potential interference in the candidate resource that UE will select. If high interference or collision is predicted in a candidate resource, transmission in such a resource would be avoid so the overall system performance can be enhanced. However, the mechanism only works with the assumption that UE can correctly predict the interference status based on sensing. 
Observation 1: The effective of sensing based UE autonomous resource selection highly depends on whether potential interference can be foreseen and avoided. 
Multiple designs work together to make sure that potentially high interference resource will be precluded or deprioritized for UE autonomous resource (re)selection. Firstly, reservation based semi-persistent resource selection makes UE behavior to be predictable by SA decoding and energy sensing. Secondly, SA decoding is used to preclude resource which is directly reserved by nearby and/or high priority transmissions. Finally, energy sensing is used to rank the remaining resource so that high interference resource not precluded by SA decoding e.g. due to SA collision, etc. can be selected with less probability. However, as we will analyze below, potential high interference resource can be selected due to UE skipping sensing in subframes of its own transmission, and the existing design cannot predict and avoid selecting such kind of high interference resource. 
According to the current Rel-14 V2V agreements and specification description [1], there is no specific UE behavior if UE skips sensing in some subframes due to its own transmission. Therefore, from resource selecting UE point of view, all the SA and data transmissions within the non-sensing subframes will not be taken into account. Assuming that there is the other UE B transmitting SA and data in the same subframe as the selecting UE A, UE A will not preclude the resource reserved by UE B SA transmission even if UE A and UE B are near to each other and high interference is expected (i.e. the expected PSCCH-RSPR of UE B is high). An example is illustrated in Figure 1. 

[image: image51.png]Resource selection by UE B

Subframe n

Subframes that UE B does not performs sensing
A N NN
o

n-1001 n-2

I UE A transmissions The candidate resource is
considered non-occupied




Figure 1: Example of underestimation of interference due to skipping sensing (UEA and UE B are close to each other)
Observation 2: If UE skips sensing in subframe m, the potential interference in subframe m+100*k cannot be foreseen and avoided by SA decoding
Similarly, when UE A measures the energy sensing metric, the subframes of UE A’s own transmission will not be counted. Assuming UE A and UE B are transmitting with the same periodicity, the receiving energy of UE B data transmission will be ignored. Therefore, even though UE A and UE B are near to each other and high interference can be expected, the resource reserved by UE B will still be ranked as with low interference.
Observation 3: If UE skips sensing in subframe m, the potential interference in subframe m+100*k cannot be foreseen and avoided by energy sensing
In addition, assuming resource reselection is triggered for a UE transmitting with period of 100ms, no candidate resource in the subframe of its original resource selection can be precluded by SA decoding, and the energy sensing metric cannot be measure and ranked for theses resource as there is no available subchannels for RSSI measurement. It must be clarified how these resource will be treated in the resource selection. 
Observation 4: If UE skips sensing in subframe m and UE transmits with period 100ms, UE behavior is unclear as the energy sensing metric of the candidate single-subframe resource in subframe m+100*k cannot be measured and ranked
Finally, due to semi-persistent resource selection, UE may continuously use the selected resource for a rather long duration. If high interference exists in the resource, the interference will also last for a long duration. More importantly, as analyzed above, current UE resource reselection cannot avoid selecting resource with high interference, there is possibility that UE will continue select a high interference resource even after resource (re)selection is triggered.
Observation 5: If UE skips sensing in subframe m, the current UE autonomous resource selection cannot avoid selecting high interference resource in subframe m+100*k (k =1, 2, …10), and the interference will last for a rather long duration if high interference resource is (re)selected
Based on the above discussion, we propose:
Proposal 1: Further enhancement on resource selection procedure is necessary to avoid UE selecting high interference resource in subframe m+ 100*k (k=1, 2, 3, …10) if UE skips sensing in subframe m.
3. Correction on UE autonomous resource (re)selection
A simple solution to avoid selecting high interference resource due to sensing skipping is to preclude these candidate resource in corresponding subframes. As the reservation period of UE semi-persistent transmission is multiple times of 100ms, if UE skips sensing in subframe m, only the candidate resource in subframe m+100*k will be impacted and precluded in resource (re)selection. The specification impact is rather small.

Considering that the resource selection window T1<= 4, and 20<= T2 <= 100, in extreme case (i.e. T1 = 4, T2 =16) about 6.7% resource will be precluded. Even if total transmission time is set to be 2 for each data message, about 13.3% resource will be precluded for UE resource selection. As only 20% of total candidate resource will be selected after SA decoding and energy sensing, there is still enough candidate resource for UE resource (re)selection after precluding candidate resources corresponding to skipping sensing. 
Therefore, we propose:
Proposal 2: If UE skips sensing in subframe m, any candidate single-subframe resource in subframe m+100*k (k=1, 2, … 10) should be precluded 
The draft TP is appended in Appendix.
4. Conclusion
In this contribution we discussed the necessity and solution of enhancement to avoid selecting high interference resource due to UE skipping sensing. Based on the discussion, we propose:
Observation 1: The effective of sensing based UE autonomous resource selects highly depends on whether potential interference can be foreseen and avoided. 
Observation 2: If UE skips sensing in subframe m, the potential interference in subframe m+100*k cannot be foreseen and avoided by SA decoding
Observation 3: If UE skips sensing in subframe m, the potential interference in subframe m+100*k cannot be foreseen and avoided by energy sensing

Observation 4: If UE skips sensing in subframe m and UE transmits with period 100ms, UE behavior is unclear as the energy sensing metric of the candidate single-subframe resource in subframe m+100*k cannot be measured and ranked

Observation 5: If UE skips sensing in subframe m, the current UE autonomous resource selection cannot avoid selecting high interference resource in subframe m+100*k (k =1, 2, …10), and the interference will last for a rather long duration if high interference resource is (re)selected
Proposal 1: Further enhancement on resource selection procedure is necessary to avoid UE selecting high interference resource in subframe m+ 100*k (k=1, 2, 3, …10) if UE skips sensing in subframe m.
Proposal 2: If UE skips sensing in subframe m, any candidate single-subframe resource in subframe m+100*k (k=1, 2, … 10) should be precluded 
Reference
[1] R1-168226, Introduction of V2V into TS36.213, Motorola Mobility, RAN1#86

Appendix
------------------------------ TP start ------------------------------
14.1.1.6
UE procedure for determining the subset of resources to be excluded in PSSCH resource selection in sidelink transmission mode 4

When requested by higher layers in subframe n, the UE shall determine the set of resources to be excluded in PSSCH transmission according to the following steps. Higher layers determine the parameters 
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 the number of sub-channels to be used for the PSSCH transmission in a subframe, 
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 the resource reservation interval determined by higher layers, 
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 the priority to be transmitted in the associated SCI format 1 by the UE. 
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 is determined according to subclause 14.1.1.4B.
1) A candidate single-subframe resource for PSSCH transmission 
[image: image6.wmf]y

x,

R

 is defined as a set of 
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 contiguous sub-channels with sub-channel x+j in subframe 
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. The UE shall assume that any set of 
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 contiguous sub-channels included in the corresponding PSSCH resource pool (described in 14.1.5) within the time interval 
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 corresponds to one candidate single-subframe resource, where selections of 
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 shall fulfil the latency requirement. The total number of the candidate single-subframe resources is denoted by
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2)
The UE shall monitor subframes n-1001, n-1000, n-999, …, n-2 except for those in which its transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and S-RSSI measured in these subframes.
3) The parameter 
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 is set to the value indicated by the i-th SL-ThresPSSCH-RSRP field in SL-ThresPSSCH-RSRP-List-r14 where 
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4)
The set 
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 is initialized to the union of all the candidate single-subframe resources. The set 
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 is initialized to an empty set.
5)   The UE shall exclude any candidate single-subframe resource 
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 from the set 
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is not monitored in step 2 due to UE transmission, where k=0,1,…, 10 and n-1001 ≤ y-100*k ≤ n-2;
6)
The UE shall exclude any candidate single-subframe resource 
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 from the set 
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 if it meets all the following conditions:

-
the UE receives an SCI format 1 in subframe 
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, and “Resource reservation” field and “Priority” field in the received SCI format 1 indicate the values 
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-
PSSCH-RSRP measurement according to the received SCI format 1 is higher than 
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-
the same SCI format 1 which is assumed to be received in subframe 
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 will determine according to 14.1.1.4C the set of resource blocks and subframes which overlaps with 
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 for j=0, 1, …, 
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7)
If the number of candidate single-subframe resources remaining in the set 
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8)
For a candidate single-subframe resource 
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 remaining in the set
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, the metric 
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 is defined as the linear average of S-RSSI measured in sub-channels x+k for 
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 in the monitored subframes in Step 2 that can be expressed by 
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 for a non-negative integer j. 
9)
The UE moves the candidate single-subframe resource 
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 from the set 
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. This step is repeated until the number of candidate single-subframe resources in the set 
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10)
The set 
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 is defined as the set of all the candidate single-subframe resources not included in the set 
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The UE shall inform the higher layers that a set of time and frequency resources with the parameters determined by higher layers should be excluded in the PSSCH resource selection if the set includes any candidate single-subframe resource included in the set 
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- 1/5 -

[image: image1]_1536439968.unknown

