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1. Introduction 
In TR36.843 [1], the following working assumption for Type 1 discovery was captured for further evaluation:
	· Working assumption: For Type 1 discovery, further to the baseline random selection of a discovery resource agreed to above, the following FFS options can be further studied:
·  A UE’s transmission on a discovery resource (or on a set of discovery resources if repetition is supported) can be based on:
· Option 1: Transmitting UE’s transmission period and offset.
· Option 2: Fixed or adaptive transmission probability derived from a pre-configured/configured nominal transmission probability.
· Others.


At the RAN1#77 meeting, the following agreement and working assumption have been made for Type 1 discovery transmission:
	· Agreement: For Type 1 discovery: Discovery period is a periodicity of resources allocated in a cell for discovery transmission
· Multiple discovery periods of different length are possible
· FFS: At any given time whether multiple different discovery periods are configured in a cell
· 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


In our previous contribution [2], Type 1 discovery resource selection based on periodic silencing and offset has been compared with other options. In this contribution, we will further illustrate this scheme and update the evaluation results according to the latest agreement on the required PRBs in frequency to accommodate increased number of information bits of a discovery message [3]. 
2. Resource Selection of Type 1 Discovery
For type 1 discovery, periodic resource pools are allocated from uplink resource, and an UE autonomously selects radio resources from the resource pool for discovery signal transmission. Therefore, it would be important to define resource selection rule for UE to follow. In [1], a baseline resource selection is defined, where each UE can randomly select a discovery resource to transmit for each discovery period.
However, the baseline resource selection may not be able to deal with congested scenarios, e.g., when the number of D2D UEs is high or the amount of allocated discovery resources is limited. If the number of transmission UEs per subframe increases, severe interference among D2D discovery signals may occur, and in turn the discovery performance of UEs would be degraded. In addition, the potential interference from D2D discovery signals to WAN communications, e.g., caused by in-band emissions and the timing offset of arriving signals, would increase as the number of transmitting D2D UEs per D2D subframe increases. 
The interference among D2D discovery signals can be reduced by increasing the amount of allocated discovery resources. However, the amount of resources assigned to D2D discovery is generally limited to protect the performance of cellular uplink. For example, 32 subframes assigned to D2D discovery per second implies that approximately 3.2% of the overall cellular resources would be assigned to D2D discovery usage. Furthermore, there may be multiple clusters of UEs in an area each with a different UE density. It may not be efficient for the NW to configure the amount of discovery resources by always considering the highest UE density. Also, in the asynchronous NW, non-overlapping resource pool between cells is assumed. In that case, WAN performance will be further degraded. Therefore, other than simply increasing the amount of D2D resources, it would be important to investigate the scheme which allows NW to control the number of transmitting D2D UEs per subframe to control the interference among D2D discovery signals and the interference on WAN.
Observation 1: It would be important for the NW to control the number of transmitting D2D UEs per subframe other than increasing the amount of discovery resource.
In [1], two possible solutions, option 1 and option 2, have been identified for further study. For option 1, the transmission period for transmitting UEs can be prolonged, and thus the number of transmitting UEs in each discovery period can be reduced. In our previous contribution [2], it was proposed that each UE randomly selects an offset at the initial transmission, so the number of transmitting UEs are averaged over periods without UE dedicated signaling. Fig. 1 illustrates the proposed resource selection scheme, where 4 periods with 4 transmitting UEs are shown. The number of transmitting UE per period is reduced to two by periodic silencing with UE specific (random) offset.
[image: image1.emf]
Figure 1- resource selection based on periodic silencing and offset
In [4], a UE grouping based solution is proposed to make different UE groups select different offsets, and thus the distribution of transmitting UEs in discovery periods becomes even. For option 1, the discovery performance would be same regardless how offset is derived if transmitting UEs are evenly distributed in the discovery periods.
For option 2, each UE decides its transmission with a fixed or adaptive transmission probability for each discovery period. In [5], an adaptive silencing method is proposed where each UE can adjust its transmission/silencing probability according to its transmission in the previous discovery period. 
In this section we evaluate the discovery performance of random based (baseline), period & offset based (option 1 - randomly selecting offset), fixed transmission probability based (option 2), and adaptive transmission probability based resource selections (option 2 in [5]). For fair comparison, we set the number of periods in resource selection option 1 to 2, and set the nominal transmission probability in resource selection option 2 to 0.5. For adaptive transmission probability based resource selection, if a D2D UE transmits in the previous discovery period, it increases its silencing probability by 0.4, while if the D2D UE did not transmit during the previous period, it decreases the silencing probability by 0.1 [5]. Channel models are the same as in Section A.2.1.2 of [1]. Other simulation assumptions are given in Table I in the Appendix.
In Fig. 2 the CDF of the intervals between two consecutive transmissions from the same D2D UE (in a number of discovery periods) is given. We note that for both fixed and adaptive transmission probability based resource selection methods, there is a notably high probability that the interval will exceed 4 periods (6.25% and 30% for fixed and adaptive transmission probability), while for the period & offset based resource selection methods, the value for the interval would be exactly 2 periods. We further note that for adaptive transmission probability based resource selection [5], the average interval between two consecutive transmissions is not 2 but 3.66, as it has a low transmission probability when the interval after transmission is small. 
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Figure 2 - CDF of interval of consecutive transmissions of a single UE.

For D2D discovery, a receiving UE would continuously monitor discovery signals over the discovery periods. If a detected discovery message becomes lost for a long time, the receiving UE would regard the previously discovered UE as out of its proximity. For resource selection option 2, it is possible that the transmitting UE remains silent for a long period, and thus it will be difficult for a receiving UE to distinguish between a UE that is remaining silent and a UE that is out of its proximity.
Observation 2: Resource selection option 1 can obtain a fixed interval between consecutive discovery signal transmissions, which is beneficial for a receiving UE to decide whether a transmitting UE is in or out of its proximity.

Next we evaluate the discovery performance of different options. In Fig. 3 the number of discovered D2D UEs vs. the number of discovery periods is shown, where no retransmission is assumed. We observe that resource selection option 1 improves the discovery performance compared to the baseline after the second discovery period, while resource selection option 2 performs better than the baseline after the fourth discovery period. The reason for this is that for resource selection option 1 all the D2D UEs would have sent a discovery signal at least once after the second period while for resource selection option 2 there will still be some D2D UEs that have not sent a discovery signal even once after the second period. Resource selection option 1 achieves the best performance when the discovery period is between 2 and 6. When the number of discovery periods is beyond 6, option 2 with adaptive transmission probability performs better. By enlarging the period of option 1 (reducing the interference level), long-term performance can be improved with the cost of latency on detection. Note that from Figure 2, option 2 with adaptive transmission probability has a larger average interval (3.66) than other options and the interval is not guaranteed in contrast to option 1. 
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Figure 3 - Number of discovered UEs vs. the number of discovery periods (no retransmission)
Fig. 4 shows the performance in terms of the number of discovered D2D UEs vs. the number of discovery periods, where one retransmission within discovery period is assumed. We can observe similar tendency as in Fig. 3. Option 2 with adaptive transmission probability performs best after 5 discovery periods; however it performs worst in the first several discovery periods, which means it has a larger latency. Furthermore, number of discovered UE is less than that of single transmission case. Given resource pool configuration and discovery traffic, it is observed that with the retransmission, receiving UE suffer from higher interference level and half duplex constraint. With the retransmission, UE power consumption will be also increased.
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Figure 4 - Number of discovered UEs vs. the number of discovery periods (with 1 retransmission)

From the above simulation results, we find that resource selection option 1 exhibits better latency performance than resource selection option 2 and option 1 can achieve better tradeoff between discovery latency and number of discovered UEs.
Observation 3: Both resource selection options 1 and 2 achieve better discovery performance compared to the baseline when resources are limited, while resource selection option 1 exhibits better latency performance compared to resource selection option 2. 
UEs may have the flexibility to adjust the transmission period considering the required latency for the intended service and UE battery consumption. For example, if a UE wants to be discovered due to a disaster, the transmission period would be as short as possible, i.e., the NW configured period. However, if a UE wants to be discovered for social network services, the transmission period could be set longer considering the UE battery status.
Observation 4: UEs may have the flexibility to adjust the transmission period considering the required latency for the intended service and/or UE battery consumption.
Based on the above observations, we propose utilizing resource selection option 1 in addition to the baseline resource selection.
Proposal 1: A UE can transmit discovery signals with periodic silencing and an offset.
· The silencing period and offset could be configured by the NW.
Furthermore, considering the degraded performance with retransmission within a resource pool, we propose:
Proposal 2: Intra-period repetition should be able to be disabled.

Finally, to reduce the standardization complexity and reserve the consistence of D2D discovery, we propose:
Proposal 3: Repetition rule for type 1 and type 2B resource allocation should be common
3. Conclusion
In this contribution we discussed the resource selection for type 1 discovery. Based on the discussion, we propose the following.
Proposal 1: A UE can transmit discovery signals with periodic silencing and an offset.
· The silencing period and offset could be configured by the NW.
Proposal 2: Intra-period repetition should be able to be disabled.

Proposal 3: Repetition rule for type 1 and type 2B resource allocation should be common
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Appendix:

Table I. Simulation Assumptions

	Layout
	Hexagonal grid, 3 sectors per site with 7 macro-sites
Urban macro (500 m ISD) – option 1: 1 indoor hotspot per cell

	Carrier Freq.
	2 GHz, FDD

	System bandwidth
	10 MHz, UL

	Network operation
	In NW coverage

	Network synchronization
	All eNodeBs synchronized

	UE RF parameters
	Tx power of  23 dBm, 1 Tx/ 2 Rx antenna,  Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs for discovery per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843[2]

	In-band emission
	[W,X,Y,Z] = [3,6,3,3] dB

	Number of discovery RBs on discovery subframe
	44

	Discovery signal size
	2 PRB pair
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