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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]We evaluated sensing and SPS for UE Autonomous Mode and the result shown (Annex) demonstrate that Sensing performs much better than Random resource selection in all situations (except in very low loaded system where both are equally good). Sensing can be at least of two types: pure energy detection sensing and sensing based on content of e.g. SA (PSCCH) signalling indicating how long the transmitter intends to hold on to the SPS resources. Energy based sensing (e.g. RSSI) can be performed on data resources (PSSCH) and/ or on SA (PSCCH) resources. 
RAN1 agreements in meeting#84bis are as follows:

	· In UE autonomous resource selection mode,
· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers
· UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer
· FFS whether this indication is implicit or explicit = Explicitly indicated in PSCCH .
· FFS if and how to signal the value for e = Part of every PSCCH
· FFS how the UE determines the value for e = based on application
· FFS whether e is a single value or can be multiple values = single value
· FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e = special value of ‘e’ or a separate field in PSCCH
· FFS how the UE decides to indicate this = based on application
· Other details FFS



This discussion paper then further discusses all remaining aspects that need to be finalized for UE Autonomous Mode of resource selection (Mode2).
Discussion
Sensing can be at least of two types: pure energy detection sensing and sensing based on content of e.g. SA (PSCCH) signalling indicating how long the transmitter intends to hold on to the SPS resources. Energy based sensing (e.g. RSSI) can be performed on data resources (PSSCH) or also on SA (PSCCH) resources. Some past evaluations [1] indicate SA decode based sensing is performing worse than DSRC; whereas, only energy based sensing performs better.
In the following we consider energy based sensing on Data resources (PSSCH) and also SA (PSCCH) content analysis.
On data resources Energy Sensing is done to check which data resources might be free. A UE (A) the goes on to transmit SA including the information on selected resource information for data transmission (selected as a result of sensing). However, it is not clear if it can be sufficiently concluded that the said selected data resources will remain really free in the transmission occasion where the said UE (A) intends to transmit on, since some other UE(s) might have used the same data resources (PRBs) in the past according (but on the occasion where UE (A) performed sensing) to a different periodicity of their V2X application data arrival (as shown in the figure below).


Figure 1: UE 1 and UE 2 have different periodicity of message transmission
 
So, in order to ensure that the transmission occasion where the said UE (A) intends to transmit on a particular resource, it must monitor on all occasions that might possibly reserve data transmission on this said particular resource at UE (A)’s intended transmission occasion. A good alternative would be then to assign periodicity (ies) to data resource pool such that UE(s) are only allowed to reserve the data resources (by transmitting on the same data resources) with a given periodicity (ies). E.g. if a UE wanted to transmit at time occasion ‘t’ and the periodicity assigned to this transmission resource pool is 100 and 50 ms. Then the said transmitter would either need to make a transmission on the said PRBs at t-100 and/ or at t-50. In this example, a new UE (A) which intends to as well transmit at time occasion ‘t’, should first make the energy sensing at both t-100 and at t-50 on the said PRB. Then the UE (A) will go ahead with transmission at occasion ‘t’ only if the sensing at both t-100 and at t-50 indicate these resources were not used at both these occasions.
The above scheme has two drawbacks: first, the energy sensing needs to be done on/ across all the data resources (thereby expending UE battery) and second, there is no means for a transmitter (using certain PRB) to indicate to the other potential transmitters that it no more intends to use the same resource in the next transmission opportunity (i.e. at t+50 or t+100 etc.). To improve on these shortcomings, we look at SA decoding based option:
In this option, Sensing is performed on SA (PSCCH) resources such that a potential transmitter tries to make sense of the SA content itself. Sensing is performed to sense the possibility of ‘future’ data transmission. SA content indicates an optional periodicity value in addition to the information of the corresponding data resources (PRBs i.e. “Resource block assignment”), T-RPT etc. In this sense the indicated “periodicity” will indicate an offset either from the time of “this” SA transmission, or from a particular data transmission (e.g. corresponding to the first ‘1’ in the T-RPT) in “this” occasion of data transmission. This method avoids that the potential transmitter of a future transmission occasion must perform energy sensing on/ across all the data resources – since from SA content (including periodicity) it will be clear that for a particular future occasion which all PRBs are definitely occupied. Then on the energy sensing needs to be performed on the “remaining” data PRBs of “this” occasion. In addition, this method allows possibility for a transmitter (using certain PRB) to indicate to the other potential transmitters that it no more intends to use the same resource in the next (future) transmission opportunity (i.e. at t+50 or t+100 etc.) by NOT including the “periodicity” information in the SA. The potential transmitter upon not finding any “periodicity” information in the SA concludes that the indicated data resources (PRBs i.e. “Resource block assignment”) are not occupied by this (SA transmitter) UE at least.
Multiple occasion reservation (SPS) or just a single (“NEXT” occasion type reservation/ SPS):
Further, it is clear that long term reservation of let us say 5 or 10 future “occasions” is not so useful (but only for the NEXT occasion is sufficient; NEXT is like a Boolean information inside PSCCH) since:
· SA (PSCCH) transmission itself can’t be stopped to take care of a new incoming receiver later
· Reservations farther into the future run the risk of higher application uncertainty
It should be noted that a UE which is already using/ transmitting on particular data resource does “not” need to perform sensing continuously.
Therefore, the following Proposals are made:
Proposal 1: SA (PSCCH) contains information on an “Periodicity” and “Next”.
Based on the FFS from RAN1#84bis, it means:
Proposal 1.1: ‘e’ is a single value that is explicitly indicated in PSCCH. The value of ‘e’ is decided by the UE based on its application.
Proposal 1.2: A special value of ‘e’ or a separate field in PSCCH can indicate that the UE no longer intends to use the resource at TTI n+e. UE decides whether to use the resource at TTI n+e at n+c based on its application.

Proposal 2: The plausible values of “Periodicities” are limited and the exact values are FFS.
Proposal 2.1: The plausible values of “Periodicities” are either Broadcasted or specified.
Conclusion
The following proposals are made in this paper:
Proposal 1: SA (PSCCH) contains information on an “Periodicity” and “Next”.
Based on the FFS from RAN1#84bis, it means:
Proposal 1.1: ‘e’ is a single value that is explicitly indicated in PSCCH. The value of ‘e’ is decided by the UE based on its application.
Proposal 1.2: A special value of ‘e’ or a separate field in PSCCH can indicate that the UE no longer intends to use the resource at TTI n+e. UE decides whether to use the resource at TTI n+e at n+c based on its application.

Proposal 2: The plausible values of “Periodicities” are limited and the exact values are FFS.
Proposal 2.1: The plausible values of “Periodicities” are either Broadcasted or specified.
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[bookmark: _Annex_1]Annex 1
V2X SA timing Simulation assumptions
· 3 resources available per subframe in the system (corresponds to 10MHz/50RB where each users message size is 15RBs)
· Initial deployment of users on the first 100ms timeframe
· M users are drawn by Poisson distribution, e.g. M=2 per subframe
· users are allocated randomly on the resources (even in sensing mode)
· a TOS timer of each of those users is randomly chosen, e.g. between [1;20] seconds
· Addition subframe-wise deployment of users after the 100ms timeframe
· N users are drawn by Poisson distribution, e.g. N=1 per subframe
· a TOS timer of each new user is set to 20 seconds
Results
	RANDOM
	SENSING

	50000 / 50000
Active UEs: 186
unSucc rate: 0.11175
unallocated rate: 0.54953
---
50000 / 50000
Active UEs: 48
unSucc rate: 0.0088667
unallocated rate: 0.85859
---
50000 / 50000
Active UEs: 360
unSucc rate: 0.33411
unallocated rate: 0.32323
	50000 / 50000
Active UEs: 186
unSucc rate: 0.016253
unallocated rate: 0.42977
---
50000 / 50000
Active UEs: 48
unSucc rate: 0.0016867
unallocated rate: 0.85141
---
50000 / 50000
Active UEs: 361
unSucc rate: 0.18749
unallocated rate: 0.07556
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