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1
Introduction

During RAN1#77 the following agreements were achieved [1].
Agreements
· If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 or 3 contiguous PRB in frequency and 1 sub-frame without frequency hopping across slots

· FFS: The number of contiguous PRB in frequency, and down selected between “2” or “3”

Working assumption:
· Repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given MAC PDU by a UE within a discovery period is supported

· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.
· FFS: Receiver behavior
Furthermore it was agreed that the inter-sub-frame hopping will be supported for discovery.

Agreement: 

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used
In this contribution we make proposals to resolve the remaining FFS related to these agreements. 
The contribution is organized as follows.

· Section 2 discusses whether the repeat transmission of a MAC PDU should be contiguous or not.
· In Section 3 we present some simulation results comparing MAC PDU sizes of 2 and 3 PRBs.
· Section 4 concludes the contribution.
2
Repetition of Discovery Transmissions
As mentioned above, repetition of transmission was agreed to during RAN1#77. From a transmitter’s perspective there are three possible ways to perform repetition.

· Contiguous retransmission: If the first transmission of a MAC PDU occurs on a sub-frame then the retransmission(s) occurs on sub-frame(s) following the sub-frame that have discovery resources. To be more specific if discovery sub-frames occur together in a contiguous manner and if the first transmission occurs on sub-frame x then the nth retransmission occurs on sub-frame x+n. The retransmissions can be hopping in frequency. In simulations retransmissions will be shifted circularly by 20 PRBs.
· Non-contiguous retransmission: Here there is a constant offset in time between the first transmission and subsequent retransmissions of a discovery MAC PDU. Again consider the case where all the discovery sub-frames occur contiguously. Then suppose the maximum number of retransmissions is set to J. The sub-frames reserved for discovery are partitioned J equal sized groups. Each UE will randomly select discovery resource in the first group, and the discovery resources selected in the remaining (J-1) groups are linked deterministically to the resource in the first group. If the first transmission will occur on sub-frame x in the first group then the jth retransmission will occur on sub-frame x in the jth group. The retransmissions can be hopping in frequency. In simulations retransmissions will be shifted circularly by 20 PRBs.
· Half duplex retransmission: Here retransmissions occur in such a manner that the chance that two resources occur on the same sub-frame is minimized. Again suppose that within each discovery period a maximum of J repetitions are allowed and sub-frames used for discovery transmissions are contiguous. The sub-frames reserved for discovery are partitioned J equal sized groups. Each UE will randomly select discovery resource in the first group, and the discovery resources selected in the remaining (J-1) groups are linked deterministically to the resource in the first group. The resources are in the remaining (J-1) groups are linked while taking into account the half duplex constraint and in-band emissions. For example let J=2, and number of sub-frames reserved for discovery within a period be 2M. Then each group consists of M sub-frames. Within each sub-frame L resources are available for discovery. Now, if a UE first transmits on resource (i,k). Here i is the frequency index of discovery resource and k is the sub-frame number within the first group (so k varies from 0 to M-1). Then the second time, the UE should transmit on resource (i2,k2) such that 

                                                         k2 = ((i+k) mod M) + M, and  i2=(i+20) mod L.
This minimizes the number of times two UEs that transmit on the same sub-frame in the first transmission transmit on the same sub-frame a second time. 

From a receiver perspective there are two options.
· Joint decoding: LLRs achieved across repetitions are combined and decoded together.

· Separate decoding: LLRs across repetitions are not combined together and each received repetition is decoded separately.

We simulated these options for Layout Option 1. The results are shown in Figure 1 below. In the simulations each discovery transmission consisted of 2 PRBs. The number of sub-frames in a discovery period were 64. The number of repetition was set to 2. In band emissions were set to {0, 0, 0, 0}. Figure 1 plots the number of UEs discovered versus number of discovery periods. 
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Figure 1: Layout Option 1
We observe that typically the gain of repetition is limited. The maximum gain due to repetition is less than 5%. Furthermore using repetition can sometimes lead to lower number of devices being discovered. This is observed in the case of separate decoding and half duplex hopping. We note that in the case of half duplex hopping even when joint decoding is used the number of devices discovered are lower than the number discovered without repetition. With joint decoding we observe that both contiguous and non-contiguous repetition provide gains. Contiguous repetition provides greater gain, this is expected because the original and repeated transmissions are more correlated. This allows UEs at the edge of decoding threshold to be discovered with higher probability. 
We also simulated repetition for Layout Option 3. In this case we simulated the best case where retransmissions for the best case scenario, i.e., contiguous transmission with joint decoding. Frequency hopping was disabled to allow for more correlation between the first transmission and repetition. Our results (shown in Figured 2) show that even in this best case scenario the repetition can lead to a loss. 
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Figure 2: Layout Option 3
To summarize we make the following observations:
Observation 1: Repetition can provide small gains compared to no repetition. Furthermore in some cases, repetition can cause a loss in performance.
Observation 2: Repetition using half duplex hopping can lead to loss in performance even with joint decoding.
Observation 3: Repetition using contiguous transmission with joint decoding provides the best performance.

While joint decoding can provide the best gain for repetition it can lead to significant decoding complexity at the UE. Since the gain at a system level is not significant, joint decoding should not be mandated. If a UE is able to perform joint decoding then it should be able to benefit from contiguous transmission. Therefore we make the following proposals.

Proposal 1: Repetition should be enabled by using contiguous transmissions. However joint decoding should not be mandated.
Further, since the gain or loss due to repetitions depends on the scenario, we propose:

Proposal 2: Number of repetitions should be a configurable option.
3
Discovery Resource Size
We simulated the discovery resource sizes of 2 PRBs and 3 PRBs both at link and system level. Figure 3 below shows the link curves (block error rate versus SNR) for normal and extended CP. We observe that for the normal CP at the 1% block error rate point the 3 PRBs curve has a gain of about 2.4dB.  Normalizing for bandwidth this corresponds to a gain of 2.4-10*log(3/2) = 0.6dB in link budget. In the case of extended CP at the 1% block error rate the 3 PRBs curve has a gain of 3.5dB. Again normalizing for bandwidth this corresponds to a gain of 3.5-10*log(3/2) = 1.7dB. 
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(a) Block error rate versus SNR for normal CP            (b) Block error rate versus SNR for extended CP

Figure 3: Link Level Results
We also simulated the 2 PRBs and 3 PRBs at the system level. The results for normal CP using Layout Option 1 are shown in Figure 4 below where we plot the number of devices discovered as a function of number of discovery periods. The results show the performance with and without repetition. For repetition we used the best combination of contiguous transmission (with no frequency offset) and joint decoding. The number of retransmissions were restricted to 1 (i.e., a total of 2 transmissions). 
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(a) No repetition                                                                                          (b) With repetition

Figure 4: Normal CP, Layout Option 1
In Figure 5 we show the results for Layout Option 3.
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(a) No repetition                                                                                          (b) With repetition

Figure 5: Normal CP, Layout Option 3
We observe that the performance of 2 PRBs and 3 PRBs is quite similar for Layout Option 1 (with and without repetition). Similarly for Layout Option 3 the performance is similar without repetition. However with 2 repetition 2 PRBs leads to a discovery of 100 more UEs. Hence for normal CP using 2 PRBs seems to be the better choice.
We now present some results for the extended CP case. The system level result for Layout Option 1 are shown in Figure 6, while Figure 7 shows the results for Layout Option 3.
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(a) No repetition                                                                                          (b) With repetition

Figure 6: Extended CP, Layout Option 1
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(a) No repetition                                                                                          (b) With repetition

Figure 7: Extended CP, Layout Option 3

We observe that for the extended CP case using 3 PRBs does provide some gain compared to 2 RPBs. However given that normal CP deployment is likely to be more widely used compared to the extended CP case. Therefore our proposal is to use the 2 PRBs for discovery resource size.
Proposal 3: Size of a discovery resource should be 2 PRBs for both normal and extended CP.
4
Conclusion

In this contribution, we studied Type 1 discovery resource size and allocation and made the following observations and proposals:

Observation 1: Repetition can provide small gains compared to no repetition. Furthermore in some cases, repetition can cause a loss in performance.

Observation 2: Repetition using half duplex hopping can lead to loss in performance even with joint decoding.
Observation 3: Repetition using contiguous transmission with joint decoding provides the best performance.

Proposal 1: Repetition should be enabled by using contiguous transmissions. However joint decoding should not be mandated.

Proposal 2: Number of repetitions should be a configurable option.
Proposal 3: Size of a discovery resource should be 2 PRBs for both normal and extended CP.
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