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1
Introduction

During the study item phase of the D2D, following agreement with respect to discovery for synchronous and asynchronous networks was achieved [1].

For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied. The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios:

· By directly or indirectly achieving information about the other cell synchronization reference timing; 

· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal's synchronization;

· The detailed solution is FFS.

Several agreements have been made with respect to Type 1 discovery[1] that apply both to synchronous and asynchronous networks. However, for asynchronous networks, additional synchronization signals are needed to enhance inter-cell discovery for the cases when UEs cannot detect timing of neighbouring cells. 
In this contribution we propose a design based on the currently agreements for inter-cell discovery for asynchronous deployments. 
The contribution is organized as follows.

· Section 2 discusses allocation of resources for Type 1 discovery.
· In Section 3 we propose relaying of synchronization signal to enable inter-cell discovery.
· Section 4 presents some simulation results

· Section 5 concludes the contribution.
2
Resource Allocation for Discovery
It has been agreed that at least for Type 1 discovery [1]:
· Periodic uplink resources are allocated for discovery in a semi-static manner

It has also been agreed that such allocation is performed using a SIB by an eNodeB. We further propose that the uplink sub-frames with resources reserved for discovery should be mostly contiguous. The contiguous allocation helps reduce power consumption of discovery because it reduces the overhead of wakeup power. This is illustrated with an example in Figure 1 below where 69 contiguous uplink sub-frames have resources reserved for discovery every 10 seconds.
 

Figure 1

In an asynchronous deployment where macros are asynchronous with each other the allocation can be done on a per macro basis. This allows intra-macro discovery among UEs associated with the same macro. For inter-macro discovery a UE needs to know the timing and allocation of discovery sub-frames of neighbouring macros. (We discuss how a UE can detect the timing of neighbouring macro in the Section 3.)
We propose that allocation of discovery sub-frames can be done such that allocations of neighbouring macros do not overlap. Macros can also broadcast the allocation of neighbouring macros (in addition to its own allocation) using the SIB mechanism. A UE then knows when to wakeup to receive discovery signals from UEs associated with neighbouring macros. Macros will also not schedule the uplink transmission during the allocation of neighbouring macros. 

The time difference between any two consecutive allocations for macros can be kept small, potentially less than one sub-frame.  This reduces the number of wakeups a UE needs to perform, thus, saving power. This is illustrated in Figure 2 below.
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Figure 2
To maintain the non-overlapping nature of allocation and the small difference in time between neighbouring macros, neighbouring macros need to keep track of each other’s timing drift. This can be done either via the backhaul.

Making sure that contiguous non overlapping allocations have minimal difference in time between them does not completely eliminate the problem of multiple wakeups. So we further propose that allocations for discovery sub-frames be roughly re-used across non-neighbouring macros, i.e., some non-neighbouring macros can have mostly overlapping allocations of discovery sub-frames. We give an example of this in Figure 3 where a reuse of 3 is illustrated.
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Figure 3
Here 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 wakeup 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.
Observation 1: For asynchronous deployments the allocation can be on a per macro basis with neighbouring macros allocating non-overlapping allocations and rough reuse of allocation across non-neighbour macros. The information can again be communicated using the SIB mechanism.
3
Timing Issues

When a UE is trying to discover UEs that are not in its associated macro, the UE needs to learn the timing of its neighbouring macros. A UE can learn the neighbouring macro’s timing through reference signals such as PRS/PSS/SSS/CRS from the neighbouring macro. However, a UE cannot detect the PSS/SSS/CRS of its neighbouring macro if it is too close to its own eNodeB. This is illustrated in Figure 4 below.



Figure 4
Here assume UE A is within the discovery range of UE B. However because UE A is very close to its eNodeB it cannot detect the timing signal transmitted by the eNodeB associated with UE B and therefore cannot decode the discovery signal of B. According to our calculations the number of devices discovered can go down by one third due to this issue. We note that this issue has also been highlighted in [2].
Observation 2: For asynchronous deployments UEs may not be able to detect timing of neighbouring macros thereby negatively impacting performance of inter-cell discovery.

To resolve this issue we propose that at least some of the UEs participating in discovery relay the timing signal of its associated eNodeB. Referring back to Figure 4, UEs B, C, and D can relay the timing signal of its associated macro while A, E, and F can relay the timing signal of its associated macro. The timing can be relayed in the first K sub-frame of the allocation for their respective macros. (Having a value of K greater than one reduces the probability of time overlap of relayed timing signals.) This can reduce the timing error between the relayed signal and the transmitted discovery signal. The relayed timing signal can be the same as PSS/SSS transmitted by the macro or some other synchronization signal. Note that if RRC_IDLE UEs are transmitting discovery signals then they may also relay the timing of their associated macro. 
Proposal 1: To enable inter-cell discovery across macros at least some of the UEs that are transmitting discovery signals can relay the timing of their associated macro. For Type 1 discovery, this can involve RRC_IDLE UEs relaying timing signal.
Proposal 2: The timing should be relayed by a UE on one of the first K sub-frames of the sub-frames used for discovery.
UEs associated with a macro that relay timing will do so on the same time and frequency resource, i.e., in a SFN manner. This allows the energy from different devices to add up at the receiver and reduces the number of resources needed for forwarding timing information. 
Observation 3: UEs associated with a macro can relay timing in a SFN manner.
We also propose that the frequency on which the timing signal is transmitted be different. For example in our allocation scheme (described in Section 2) non-neighbouring macros that have mostly overlapping allocation can have different frequency offsets. This helps a UE receiving the timing signal to distinguish between the timing signals of different macros. (This statement is supported by simulation results in the following section.) We illustrate the timing signal of two non-neighbouring macros Macro1 and 1’ that have mostly overlapping allocation in Figure 5.










Figure 5
Proposal 3: The frequency on which the timing signal is relayed can be different for different macros.

We also propose that only those UEs that are within a pathloss threshold from their associated macros relay the timing. Our simulations suggest that this can help reduce the near far effect when receiving relayed timing signals from multiple macros that have mostly overlapping allocations. 

Proposal 4: UEs that are within a certain pathloss threshold of their associated macro should relay the timing.
4
Simulation Results
We simulated the proposed scheme to evaluate the performance in terms of timing errors and number of devices discovered.  
For simulations we a discovery message consists of 256 information bits and a discovery resource consist of 2 PRBs, 1 sub-frame. Since the last symbol of a Type 1 discovery resource can consist of a gap the number of coded bits is 528. A total of 72 sub-frames were reserved for discovery every 10 seconds. We use a reuse of 3 with 24 sub-frames being used by a macro. Of these 24 sub-frames the first sub-frame is used for relaying timing signal, i.e., K=1. Within each sub-frame 44 PRBs were used for discovery transmission. For resource selection, the baseline scheme where each UE randomly selects a discovery resource every discovery period is used. Both Layout Options 1 and 3 were simulated. The details of simulation parameters used are agreed in [1]. (One exception is that for timing simulations we use AWGN channel instead of fading.) For in-band emissions {W, X, Y, Z} were set to the worst case of {0, 0, 0, 0}.
We first illustrate the timing results. The timing signal used for forwarding timing can consist of 1, or 2 PSSs. For Layout Option 1 all UEs forward their macro’s timing information. For Layout Option 3 UEs within 90dB of its macro relay their macro’s timing information. We plot the CDF of timing error between pairs of UEs that are within 140dB of each other. Note that 140dB is well beyond the link budget of discovery. The results are shown in Figure 6 below. Figure 6(a) shows the results for Layout Option 1 while 6(b) shows the results for Layout Option 3.
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(a) Layout Option 1                                                               (b)  Layout Option 3
Figure 6 Timing errors for UEs within 140 dB
We observe that most of the timing error is delayed, (i.e., greater than 0) and is within the cyclic prefix length of 4.7us. More specifically for Layout Option 1 for 1 PSS and 2 PSS more than 96% of the timing error is within the cyclic prefix length. For Layout Option 3 for 1 PSS and 2 PSS more than 96% of the timing error is within the cyclic prefix length. 
Based on these results we make the following observation.

Observation 4: Relaying of timing can reduce the timing error between most of the UEs to less than the cyclic prefix.
For Layout Option 3 we also simulated the case where all UEs forward its macro’s timing.  The results are shown in Figure 7 below. The figure shows that the for 1 PSS more than 94% of the timing error is within the cyclic prefix length, while for 2 PSS the numbers are around 92%. These are lower than the numbers obtained with a threshold. 
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Figure 7 Layout Option 3 without threshold
We also simulated the case where UEs do not use different frequency offsets when relaying their macro’s timing. The results for Layout Option 1 are shown in Figure 8. Note that there is a loss in the fraction of timing error that is within the cyclic prefix. For 1 PSS and 2 PSS around 84% of the timing error is within the cyclic prefix. This illustrates the need for different frequency offsets for different macros.
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Figure 8 Layout Option 1 without offset in frequency
Table 1 below summarizes all the results obtained for timing.

	Number of PSS transmitted
	1 PSS
	2 PSS

	Layout Option 1, no threshold
	97%
	96%

	Layout Option 3, threshold is 90dB
	96%
	96%

	Layout Option 3, no threshold
	94%
	92%

	Layout Option1, no threshold, no frequency offset
	85%
	84%


Table 1: Fraction of timing errors within cyclic prefix.

We now show the results for the number of UEs discovered with discovery periods. Note that based on our description in Section 3 a UE can detect two or more timings for the same overlapping allocation. (The timing signals are transmitted at different frequency offsets.) As a result a UE with some offline processing can potentially decode the discovery signal from more than one macro with overlapping allocation. In our simulation we assume that a UE is able to decode the discovery signals from up to four different macros for an overlapping allocation.
The results are illustrated in Figure 9. The results also show the results for synchronous deployment. For Layout Option 1, the asynchronous deployment discovers 18.3% less UEs after 40 discovery periods compared to the synchronous deployment. 
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Figure 9: Number of UEs discovered for Layout Option 1

This leads us to the final observation.
Observation 5: The loss due to lack of synchronization in network deployment in performance of discovery is within 20%.

5
Conclusion

In this contribution we proposed a design for Type 1 discovery that enables inter-cell discovery across macros for asynchronous deployments. More specifically we made the following observations and proposals:
Observation 1: For asynchronous deployments the allocation can be on a per macro basis with neighbouring macros allocating non-overlapping allocations and rough reuse of allocation across non-neighbour macros. The information can again be communicated using the SIB mechanism.
Observation 2: For asynchronous deployments UEs may not be able to detect timing of neighbouring macros thereby negatively impacting performance of inter-cell discovery.

Proposal 1: To enable inter-cell discovery across macros at least some of the UEs that are transmitting discovery signals can relay the timing of their associated macro. For Type 1 discovery, this can involve RRC_IDLE UEs relaying timing signal.

Proposal 2: The timing should be relayed by a UE on one of the first K sub-frames of the sub-frames used for discovery.
Observation 3: UEs associated with a macro can relay timing in a SFN manner.
Proposal 3: The frequency on which the timing signal is relayed can be different for different macros.

Proposal 4: UEs that are within a certain pathloss threshold of their associated macro should relay the timing.
Observation 4: Relaying of timing can reduce the timing error between most of the UEs to less than the cyclic prefix.
Observation 5: The loss due to lack of synchronization in network deployment in performance of discovery is within 20%.
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