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1
Introduction

During RAN1#77 the following agreements were achieved for relaying of D2DSS in case of asynchronous networks [1].
Agreements:
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery

· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS
In this contribution we make proposals to resolve the remaining FFS and other issues related to these agreements. 
The contribution is organized as follows.

· In Section 2 we propose additional design details for Type 2B discovery.
· In Section 3 we discuss which UEs should transmit D2DSS for Type 1 discovery.
· In Section 4 we discuss in coverage D2DSS signal design issues.
· Section 5 concludes the contribution.
2
Type 2B Discovery
One of the additional remaining issue for Type 2B discovery is on which resources will a UE that is instructed by the eNodeB to transmit D2DSS will transmit D2DSS. A D2DSS transmission consists of at least 6 PRBs that occur on the central PRBs. Furthermore, it is likely that the remaining part of the sub-frame cannot be used for any other transmission. Then given that a discovery resource is likely to occupy 2 PRBs the overhead is very significant. Therefore we propose that the first sub-frame of a discovery resource pool be used for the transmission of synchronization signals. This is similar to the agreement achieved for Type 1 discovery.
Proposal 1: For Type 2B discovery, for a cell, within a discovery period, the first sub-frame of the reception pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals.
3
UEs Transmitting D2DSS for Type 1 Discovery
For Type 1 discovery there is currently no agreement on which UEs will transmit D2DSS. We studied two options:

Upper bound: UEs with pathloss to eNodeB less than a threshold can transmit D2DSS. In other words UEs that are closer to the eNodeB will transmit D2DSS. This helps with near-far affect at a receiver.
Lower bound: UEs with pathloss to eNodeB greater than a threshold can transmit D2DSS. Here UEs that are at the edge of cell are likely to transmit D2DSS.
We simulated both schemes for Layout Option 1 with different pathloss thresholds. The D2DSS used for forwarding timing can consist of 2 PSSs and 2 SSSs (described in our companion contribution [2]). We simulated both with and without PD2DSCH is transmitted with the D2DSS. When PD2DSCH is simulated it occupies all the remaining symbols of the first sub-frame excepting the last symbol which is used as a gap. (We refer reader to [2] for details.) The allocation of discovery resources is performed such that neighbouring macros have non overlapping allocation with small gaps while the allocation itself is reused with a reuse factor of 3. This is illustrated in Figures 1 and 2 below.
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Figure 1: Non overlapping allocation among neighboring macros
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Figure 2: Mostly overlapping allocation leading to reuse
In Figure 2 macros with the same colour (for example Macro 1, 1’, and 1’’) allocate sub-frames for discovery that mostly overlap in time. This reuse allows a UE to wake up only once and thus save power. In the illustrated allocation each UE needs to wake up continuously for three mostly contiguous allocation periods. The UEs can then listen to and decode discovery signal of the macros closest to them. For example UE B can listen to and decode discovery signals from Macro 2, 1, and 3, whereas UE A can listen to and decode discovery signals from Macro 2, 3’ and 1’’. If a UE is allowed to perform multiple timing hypothesis on received samples it can also decode discovery signals from other Macros beyond the closest ones.

UEs associated with a macro transmit identical D2DSS sequences. Proximal cells that have mostly overlapping allocations will use different D2DSS sequences. For example Macro 1, 1’, and 1’’ will use different D2DSS sequences. Non-proximal cells that have mostly overlapping allocations can use same D2DSS sequences.

We looked at all pairs of UEs that are within 138dB pathloss of each other and calculated the timing error between the UEs. In Figure 3 below we present the percentage of pairs that have a timing error between 0 and 3us for different values of pathloss thresholds.
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Figure 3
The results indicate that both the upper and lower bound schemes have similar best case performance. For the upper bound scheme the performance is relatively insensitive to the value of the threshold above 90dB. Above 90dB a sufficient number of UEs are relaying timing to allow for D2DSS detection. For the lower bound scheme the performance is relatively insensitive to the value of the threshold below 100dB. Below 100dB again a sufficient number of UEs are relaying timing to allow for D2DSS detection. 

Given that both schemes have similar performance, between the two schemes we prefer the lower bound scheme because it is likely to have a better performance for low density deployments.
Please note that both these schemes can be easily implemented by eNodeB broadcasting a RSRP threshold (instead of pathloss) using the SIB. UEs measure the RSRP and those that meet the RSRP requirement will transmit D2DSS.

Proposal 2: For Type 1 discovery, UEs that have a RSRP value less than a threshold transmit D2DSS to enable inter-cell discovery. The threshold itself can be configured by eNodeBs using SIB.
The results also show that including PD2DSCH reduces performance by around 5%. However by including CRC in PD2DSCH the false detection of peaks can be reduced significantly. Both these aspects need to be considered carefully.
4
In Coverage D2DSS Signal Design
To detect the timing of neighbouring cells, UEs will be required to track and correlate multiple D2DSS sequences. This can lead to significant complexity. For example if a UE needs to track the timing of all the neighbouring cells it will need to track 3 D2DSS sequences for each colour (excluding its own) leading to a UE tracking 6 D2DSS sequences. Also note that for each sequence being tracked there may be a need to track multiple frequency hypotheses.

To reduce this complexity we simulated the case where all UEs across all cells use identical D2DSS sequences. UEs try to track multiple peaks for the same D2DSS sequence. The results for the lower bound scheme are shown in Figure 4.
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Figure 4
We observe that in the range that lower bound scheme performs well (pathloss threshold less than 100dB) the loss due to using identical D2DSS sequence across all cells leads to a marginal loss of 1-2% in performance. Given the significant reduction in UE complexity the trade-off is a desirable one. The sequence itself could be fixed in the specification. Based on this we make the following proposal.

Proposal 3: Identical D2DSS sequences should be used by all UEs across cells when D2DSS is used to enable inter-cell discovery. The D2DSS sequence can be fixed in the specification.
Next, we will provide simulation results studying the overall performance of D2DSS detection and discovery. Here all UEs use identical D2DSS sequence. More specifically, we compare the performance of following three cases in terms of average number of discovered UEs:
· Perfect Sync: Discovery with 3 timing hypotheses (per colour), and assuming perfect synchronization

· Sync with PD2DSCH: Discovery with 3 timing hypotheses in conjunction with D2DSS-based synchronization, where PD2DSCH is transmitted

· Sync without PD2DSCH: Discovery with 3 timing hypotheses in conjunction with D2DSS-based synchronization, where PD2DSCH is not transmitted

Figure 6 demonstrates the average number of UEs discovered, over 40 PD periods, for the above three cases, and Layout Option 1. We further assume the same D2DSS id being used by all the UEs (please refer to Section 5 for detailed argument). One can observe from this figure, and also from Table 1, that PD2DSCH degrades the overall performance compared to the case where no PD2DSCH symbols are transmitted.
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Figure 6
Table 1

	Degradation in number of discovered UEs, compared to perfect sync case
	Without PD2DSCH
	With PD2DSCH

	
	5.21%
	7.52%


5
Conclusion

In this contribution, we have further studied synchronization design for Type 1 and Type 2B discovery in asynchronous deployment. We made the following proposals.
Proposal 1: For Type 2B discovery, for a cell, within a discovery period, the first sub-frame of the reception pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals.
Proposal 2: For Type 1 discovery, UEs that have a RSRP value less than a threshold transmit D2DSS to enable inter-cell discovery. The threshold itself can be configured by eNodeBs using SIB.
Proposal 3: Identical D2DSS sequences should be used by all UEs across cells when D2DSS is used to enable inter-cell discovery. The D2DSS sequence can be fixed in the specification.
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