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1. Introduction


In RAN1 #77 meeting about D2D communication, it was agreed that the DMRS for SA is transmitted on one symbol per slot:
Agreement: 

· PUSCH DMRS are used for SA, Data and Discovery without frequency hopping across slots

· 2 RS signals on Symbols with l=3 and for normal CP, l=2 for extended CP
· FFS: remaining aspects of base sequence, cyclic shift and OCC

Agreement:  

· For both Mode 1 and Mode 2, resource for single transmission (i.e. 1 subframe) of SA is FFS between 1 PRB-pair and 2 PRB-pair

· Retransmissions of  SA are supported

· FFS whether Chase combining

· Total number of transmissions of SA is FFS between
· fixed to a single value in specifications, and
· (pre-)configurable among two values
· FFS until RAN1#78 what these values are
· Number(s) of SA subframes in the SA resource pool FFS until RAN1#78 
· Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification
· Details FFS
· FFS on whether/how to minimize the collision of transmissions in Mode 2
This contribution suggests a sensing measurement on scheduling assignment (SA) for Mode 2 communication. Detection of reference signals on SA resource pool can reduce UE power consumption.
2. Discussion 

The mode 2 resource selection can be based on sensing the channel for a period of time [1]. The sensing algorithm can be considered either sensing on the data channel or monitoring of SA from other transmitters. This contribution suggests a sensing algorithm with monitoring of SA every SA period for mode 2 resource selection. The detail of SA period and sensing algorithm should be decided. Also, resource for single transmission of SA should be decided between 1 PRB-pair and 2 PRB-pair.
· 2.1 Design of D2D frame structure
A D2D frame consists of a control subframe and N-1 data subframes as shown in Figure 1. The control subframe is used for the exchange of SAs, which carry the control information for D2D data. Thus, the SA resource pool should be pre-configured in the control subframe.
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Figure 1 D2D frame structure

If SA period and the frequency of SA resource pool are pre-configured, the D2D transmitting UE in mode 2 would monitor resources of SA. Moreover, if there is a linkage between SA and D2D data, a resource selection for mode 2 communication can be based on monitoring of SA. 
Assumption 1: There is a linkage between SA and D2D data.

Assumption 2: The SA period and SA resource pool should be pre-configured.
According to #77 meeting agreements, SA uses Rel-8 TBCC and DMRS signals on symbols with l=3 for normal CP, and l=2 for extended CP [2]. For SA, the DMRS base sequence, cyclic shift and OCC are assumed to be fixed. The resource of SA should be decided between 1 PRB-pair and 2 PRB-pair.
Assumption 3: For SA, the DMRS base sequence, cyclic shift and OCC are fixed.
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Figure 2 DMRS for SA

· 2.2 Sensing measurement for mode 2 resource selection

For mode 2 resource selection, sensing measurement is done on SA resource pool every SA period. The sensing measurement could be the decision metric to detect DMRS for each SA resource. Then, each transmitting UE determines available SA resources depending on the detection criteria of DMRS for SA. 
The decision metric is defined as the ratio of the maximum power to the normalized average power of cross-correlation between DMRS for SA and the received signal on each SA resource. The detection criteria of DMRS for SA applies that a signal is detected if the decision metric is greater than or equivalent to a threshold, which should be pre-determined. On the contrary, a SA resource is determined to be available if the decision metric is less than a threshold. The threshold could be the decision metric corresponding to 0.1% of both missing and false alarm probabilities. 
If a transmitting UE decides that a certain SA resource is available during a sensing period, the transmitting UE can select the SA resource. The sensing period can be longer than or equivalent to one SA period. Figure 3 illustrates an example of sensing measurement done by a D2D transmitting UE. In this example, the sensing period corresponds to 2 SA periods or 2 D2D frames. If the transmitting UE decides a SA resource available during a sensing period before a MAC-PDU occurs, then it selects the SA resource to transmit its own SA and the data resource linked to the SA resource to transmit its D2D data. On the other hand, if the UE decides multiple SA resources available, it may select a SA resource randomly.
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Figure 3 Example of sensing measurement for SA transmission
Proposal 1: Sensing measurement is the decision metric based on cross-correlation to detect DMRS for SA in control subframe by the D2D transmitting UE.
Proposal 2: A threshold for sensing measurement is determined to be a decision metric to minimize both missing probability and false alarm probability of DMRS for SA.
Proposal 3: Mode 2 resource selection is done if a SA resource is available during a sensing period before MAC-PDU occurrence. 
Proposal 4: Sensing period and a threshold for sensing measurement are pre-determined by the D2D transmitting UE.

Figure 4 shows the probabilities of missing and false alarm in case of 1 PRB-pair of resource for SA according to SNR. The missing and false alarm probabilities cross at higher than 0.1% for SNR=5dB. If SNR is lower than 5dB, the missing or false alarm probability is higher than 0.1%.

Figure 5 shows the probabilities of missing and false alarm in case of 2 PRB-pair of resource for SA according to SNR. The missing and false alarm probabilities cross at lower than 0.1% for SNR=-15dB. Both probabilities are lower than 0.1% even if lower than -15dB of SNR. Therefore, the resource for single transmission of SA should be 2 PRB-pair. 

Proposal 5: The resource for single transmission of SA should be 2 PRB-pair.
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Figure 4 Missing(Pmiss) and false alarm(Pfa) Probabilities for SA  in case of N_PRB = 1PRB
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Figure 5 Missing(Pmiss) and false alarm(Pfa) Probabilities for SA in case of N_PRB = 2PRBs

3. Conclusion
In this contribution, the resource pool of SA and the multiple transmission of SA in D2D communication are discussed and we propose the following:
Proposal 1: Sensing measurement is the decision metric based on cross-correlation to detect DMRS for SA in control subframe by the D2D transmitting UE.

Proposal 2: A threshold for sensing measurement is determined to be a decision metric to minimize both missing probability and false alarm probability of DMRS for SA.

Proposal 3: Mode 2 resource selection is done if a SA resource is available during a sensing period before MAC-PDU occurrence. 
Proposal 4: Sensing period and a threshold for sensing measurement are pre-determined by the D2D transmitting UE.

Proposal 5: The resource for single transmission of SA should be 2 PRB-pair.
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