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1 Introduction
Resource pool sharing and mode 3 sensing and reporting has been discussed in last RAN2#102 meeting. And the following agreements has been reached: 
	=> Sensing and reporting on the resources for mode 3 is needed. FFS on the detailed solution.
=>[Email discussion]: Discuss possible options, decide single option and prepare workable and agreeable CR for the next meeting. 


In the previous few weeks, the corresponding email discussion had been kicked off and the final solution had been narrowed down. However, some remaining issues need more discussion and clarification. 
[bookmark: _Ref178064866]2 Discussion
2.1 Necessity of eNB configuration for sensing
During email discussion, most companies agreed that in the sensing procedure, UE could do sensing with a granularity of a certain number of sub-channels, which can decrease the implementation complex, as well as decreasing the signaling overhead during reporting procedure. 
According to the sensing procedure defined in 3GPP TS 36.213, UE will firstly determine parameter LsubCH, the number of sub-channels, to be used for the PSSCH transmission in a subframe. Later UE will use this LsubCH to sense 20 percent of resource with lowest S-RSSI measurement result, as the candidate resource. The S-RSSI measurement result is an average value of all sub-channels of the resource block. Then, UE will select candidate resource with LsubCH for transmission. However, for mode 3 UE sensing, if the number of sub-channel used for mode3 UE sensing is different from the number of sub-channel of the allocated SL grant from eNB, then this SL grant may include the sub-channel which has high S-RSSI. 
[image: C:\Users\10213357\Desktop\图片1.png图片1]
Figure 1 Sensing and resource selection mismatch
As shown in Figure 1(a), in resource pool 1, UE will choose L as 5, as the sensing granularity. Suppose UE detects one 5-sub-channel resource is available whose average energy value of S-RSSI on those five sub-channel is relative low. However, eNB doesn’t know the value of L so it might choose other number of sub-channels, for example 2 sub-channels for SL grant. It is likely that eNB select the resource with highest S-RSSI among the 5 sub-channels. As a result, collision might happen on this resource. Moreover, in resource pool 2, UE will use one sub-channel granularity to sense available resource. However, eNB may decide to allocate resource with 2-sub-channel granularity. As a consequence, it is possible that eNB cannot find available SL grant as shown in the above figure. On the other side, if eNB and UE can communicate the value of L before sensing and reporting, as shown on the right side in resource pool 3, the problem can be avoided.
Observation 1: If the number of sub-channel used for mode 3 UE sensing is different from the number of sub-channel of SL grants, then the resource collision might happen or eNB cannot find an available SL grant.
Thus, it is suggested to keep eNB aligned with the UE for the number of sub-channels UE used for sensing, either through dedicated eNB configuration to UE or UE report to eNB.
Proposal 1:It is suggested that eNB should have the awareness on the number of sub-channels UE using for sensing, either through dedicated RRC signaling configuring to UE or indicating by UE.
2.2 Discussion on bitmap approach in email discussion
As it is agreed by most companies during email discussion, a bitmap can be used to indicate the availability/occupation of each sub-channel in the frequency domain, for each sub-frame. This approach is simple to implement, without much signaling overhead. However, there are still several critical issues need to be solved for this approach.
So far by referring to the mode 4 sensing procedure in 3GPP TS 36.213, there is no such definition of the availability of one sub-channel. Thus, in order to follow this approach, some additional definition on the availability of one sub-channel should be defined. I.e. When using bitmap to indicate the availability/occupation for each sub-channel, those sub-channels which have lower 20% S-RSSI measurement result should be set as 0. Otherwise it should be set as 1. Such description should be captured into current specification. Or additional threshold should be introduced to implement this approach. Otherwise, UE cannot recognize whether one sub-channel is available by itself. Moreover, there are totally 100 subframes within the selection window n+T1 to n+T2. Thus, how to select certain reporting subframes from these 100 subframes should be defined into current specification.
Observation 2:Additional specification description will be involved to decide on whether one sub-channel is available when to follow the bitmap approach. Moreover, how to select certain reporting subframes from n+T1 to n+T2 should be captured into current specification
2.3 RIV(Resource Indication Value) based sensing report 
In RAN1, one of the most common approach to indicate the resource location is to use RIV, which will indicate both the number of available sub-channels and the starting location of the sub-channel by a string with at most 8 bits. As defined in 3GPP TS 36.213, the calculation of RIV is based on the following equations:

if  then


else 


When mode 3 UE reporting available resource, the RIV based approach can be considered. One obvious advantage of RIV compared with the bitmap approach is that in RIV, the number of sub-channel will be indicated. Basically, UE will choose the number of sub-channels L used for sensing. Thereafter, UE will select resource based on the L and report available resource correspondingly. Moreover, UE can report several RIVs with different L, so as to provide flexibility to eNB for SL grants allocation.
Observation 3: RIV indicates both the number of available sub-channels and the starting location of the sub-channel by a string with at most 8 bits, which is used in SCI transmission. 
Proposal 2:RAN2 is suggested to use RIV for mode 3 UE reporting of available resource.
2.4 Comparison about the signaling overhead among each options
During the email discussion, the indication approach of time domain has been agreed by most companies. That is to indicate the absolute value of n+T1(or n+T2) as the reference point and an offset for each subframe reported with respect to that reference point.
However, the frequency indication needs to be narrowed down since there are still several options:
1. Using a bitmap to indicate the availability/occupation situation in frequency domain
2. Indicating the starting location of each available resource.
3. Using RIV to indicate each available resource.
For reporting resource on each sub-frame, it is assumed that the bandwidth is 20 sub-channels. Accordingly, option1 will use certainly 20 bits to indicate the availability/occupation of each sub-channel. For option2, there will be at most 20 different starting locations, of which 5bits is enough for indication. When it comes to option 3, at most 8bit RIV is enough for indicating the resource location.
By comparison, we can find that both option 2 and option 3 can have a much better performance in signaling overhead compared with option 1.
Observation 4: Reporting by indicating the starting location of the available resource, as well as RIV, can save signaling overhead compared with the reporting by a bitmap to indicate the availability/occupation of each sub-frame.
Since mode 3 UE is basically under eNB’s control, it is also suggested that eNB configure the number of sensing resources/sensing subframes for UE, which could further save signaling overhead.
Proposal 3:It is suggested to make eNB configure the number of available resources or sensing subframes that UE should report.
3 Conclusion
[bookmark: _In-sequence_SDU_delivery]Observation 1: If the number of sub-channel used for mode 3 UE sensing is different from the number of sub-channel of SL grants, then the resource collision might happen or eNB cannot find an available SL grant.
Proposal 1:It is suggested that eNB should have the awareness on the number of sub-channels UE using for sensing, either through dedicated RRC signaling configuring to UE or indicating by UE.
[bookmark: _GoBack]Observation 2:Additional specification description will be involved to decide on whether one sub-channel is available when to follow the bitmap approach. Moreover, how to select certain reporting subframes from n+T1 to n+T2 should be captured into current specification
Observation 3: RIV indicates both the number of available sub-channels and the starting location of the sub-channel by a string with at most 8 bits, which is used in SCI transmission. 
Proposal 2:RAN2 is suggested to use RIV for mode 3 UE reporting of available resource.
Observation 4: Reporting by indicating the starting location of the available resource, as well as RIV, can save signaling overhead compared with the reporting by a bitmap to indicate the availability/occupation of each sub-frame.
Proposal 3:It is suggested to make eNB configure the number of available resources or sensing subframes that UE should report.
References

	4/4	
image3.wmf
(

)

start

subCH

subCH

subCH

n

L

N

RIV

+

-

=

1


oleObject3.bin

image4.wmf
(

)

(

)

start

subCH

subCH

subCH

subCH

subCH

n

N

L

N

N

RIV

-

-

+

+

-

=

1

1


image1.png
time domain Resource pool 1 time domain Resource pool 2 time domain Resource pool 3

sensing granularity

resource selection granularity

a frequency domain p frequency domain ¢ frequency domain




oleObject1.bin

image2.wmf
ë

û

2

/

)

1

(

subCH

subCH

N

L

£

-


oleObject2.bin

