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1. Introduction

In RAN1#74bis meeting, working assumption was made for resource allocation of type 1 discovery:
Working assumption for the purpose of further evaluation:
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs

· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM
· All individual discovery message transmission resources are the same size

· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery
In this contribution, we further discuss the resource allocation for type 1 discovery, especially the resource allocation of discovery message. This contribution is the update of [1] and we provide further evaluation results for resource allocation.
2. Discussion
2.1. Allocation mechanism of discovery resources
If the discovery resources are sufficient and the interference among D2D UEs is acceptable, one UE can transmit discovery signal in every discovery resource period to maximize the opportunity of being discovered. Nevertheless, when there are not enough discovery resources for a mass of D2D UEs, this type of transmission may lead to significant interference and thus degrade discovery performance. To solve this problem, two solutions can be considered:
· Method 1: Each UE transmits discovery signal in each resource period with a probability.
· Method 2: UEs are grouped and different UE groups occupy different time-domain discovery resources.
An example of transmission probability P can be P = 0.5, and then the number of transmitting D2D UEs in one resource period is approximately halved as shown in Figure 1. Similar result can be achieved with Method 2 by dividing evenly the D2D UEs into two groups, and different groups have the same discovery period (twice of discovery resource period) but occupy different resources as shown in Figure 2. Method 1 can be further optimized with adaptive transmission probability according to the previous transmission situation. For example, if the discovery signal of a UE is transmitted in one period, the transmission probability will be lowered in the next period; otherwise, the probability will be improved by the same step.
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Figure 1: Transmission probability based discovery period/resource configuration
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Figure 2: UE Groups based discovery period/resource configuration

The above methods are compared via system level simulation. The performance of different number of discovery resources (16 or 64 discovery subframes) in one resource period is evaluated. Only one message is assumed to be transmitted by each UE. For Method 2, all UEs are divided into two groups, and each UE is randomly assigned to one of the two groups. It can be found from the results in Figure 3 and 4 that:
· In case of sufficient discovery resources (64 subframes), P=1 and one UE group can provide best discovery performance.
· In case of insufficient discovery resources (16 subframes), Method 1 and 2 can both improve discovery performance via reducing the transmission UE number as well as the interference in each subframe. 
· Method 2 outperforms Method 1in the second discovery period. 
For Method 2, each UE has the opportunity to transmit discovery signal in one discovery period (doubled period of discovery resource). For Method 1, some UEs may remain silent for several periods, while some other UEs may transmit discovery signal in continuous periods. Furthermore, Method 2 can be achieved via resource configuration/pre-configuration (e.g. discovery period and offset), which needs less specification efforts than that of Method 1. Hence, Method 2 is preferred for scenarios of limited discovery resources. 
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Figure 3: Performance comparison of different resource allocation schemes (16 subframes)
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Figure 4: Performance comparison of different resource allocation schemes (64 subframes)
Proposal 1: UE Grouping based discovery period/offset and resource configuration can be adopted for cases of insufficient discovery resources.
2.2. Discovery opportunity per discovery period
Discovery resource number per message
Within allocated discovery subframes, the discovery resource for a discovery message of a D2D UE is selected by D2D UE itself for type 1 discovery. Each discovery message occupying one discovery resource in one discovery period is a straightforward way. Due to half-duplex constraint or strong interference, a UE may fail to discover in a certain resource. If the discovery period is long (e.g. 10s), failed discovery in a resource will lead to large discovery latency. To avoid this latency, multiple discovery resources within one period for one message can be considered to improve the one-shot discovery probability. Once the discovery message is correctly decoded in one of the discovery resources or via combination of multiple resources, the UE sending the message is discovered. Nevertheless, the interference including in-band emission and co-channel interference will also be increased within the fixed size of resource pool. Tradeoff between interference and discovery opportunity should be further studied for different scenarios.
The system performance is evaluated for different number of discovery resources per message. Different receiving processes on multiple discovery resources are also evaluated. 
· Option 1: One discovery resource is assigned per message per period. The discovery resource is randomly selected from the resource pool with equal probability.
· Option 2: Two discovery resources are assigned per message per period. Each discovery resource is independently and randomly selected from the resource pool with equal probability. Discovery message carried on each discovery resource is received and demodulated independently.
· Option 3: Two discovery resources are assigned per message per period with the same resource selection method as Option 2. The difference is that the soft bits in the two discovery resources can be combined to improve the performance. A UE can decode the discovery message via successful detection in one of the discovery resources or via combined information.
The discovery resource unit as well as other simulation assumptions is similar to that of the simulation in section 2.1. From the results in Figure 5 with 16 discovery subframes, Option 3 outperforms Option 1 when the discovery times are larger than 10. In case of 64 discovery subframes, Option 3 is the option providing the best performance for all discovery times in figure 6. Though Option 3 results in larger interference, the discovery distance can be improved by combining of information derived on each discovery resource. Especially when the discovery resources are sufficient, the increase in interference is negligible compared to the gain from soft combination.  
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Figure 5: Average number of discovered UEs for different discovery resources options (44x16)
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Figure 6: Average number of discovered UEs for different discovery resources options (44x64)
RMP for soft combination
Although Option 3 provides significant gain to Option 2, it is hard to be directly performed since the multiple resources are randomly selected by transmitter and unknown to receiver. The receiver has no information which two resources are used to transmit the same message and can be combined. To avoid the receiver to perform combination in arbitrary two resources, a predefined resource mapping pattern (RMP) can be adopted among discovery resources carrying the same message. Some candidates for RMP design are discussed here.
· RMP 1: The two resources are randomly selected as used in Option 3 above (just for comparison). 
· RMP 2: The first resource is randomly selected from discovery resource pool, and the second resource is randomly selected from several predefined resources associated with the first resource. In the evaluation, the second resource occupies the same PRB as the first resource, but the subframe is randomly selected from the four discovery subframes following the subframe of the first resource.
· RMP 3: The first resource is randomly selected, and fixed mapping pattern between the two resources are adopted. In the evaluation, the second resource occupies the same PRB and the next discovery subframe of the first resource.
· RMP 4: The discovery resource pool is divided into multiple non-overlapped discovery resource groups (DRG). A D2D UE randomly selects one discovery resource group for transmission of one message. In the evaluation, a discovery resource group consists of two discovery resources occupying two continuous subframes. 
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Figure 7: Examples of resource mapping with RMP1-RMP4
The performance difference among different RMPs is small from the evaluation results in Figure 8. When the discovery times are small, the opportunity to discover other D2D UEs is reduced for RMP 4 due to the same multiplexing case and SINR in the discovery resources within one DRG. However, when the discovery times increase, the discovery distance can be improved with RMP 4 via higher probability to acquire high combination gain for further UEs. It should also be noted that the detection complexity to obtain soft combination gain in receiver decreases from RMP1 to RMP 4. Therefore, a fixed mapping pattern among multiple discovery resources for one message can be considered for soft combination, and RMP 4 is preferred considering the detection complexity. Further enhancement, e.g. frequency hopping within DRG, can also be further studied.
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Figure 8: Average number of discovered UEs for different resource mapping patterns with soft combination
Proposal 2: Allocation of multiple discovery resources within one discovery period for a certain message can be considered especially for case of sufficient discovery resources.
Proposal 3: In case of multiple discovery resources for one message, information combination of the discovery resources in receiver can be achieved via fixed mapping pattern, e.g. RMP 4.
2.3. Resource Allocation Methods
In the previous contribution [1], we compare some basic methods for resource allocation. It is found that random resource selection can provide comparable performance as scheduling based resource allocation, and better performance than measurement based resource allocation. In this section, we further study the resource allocation method for D2D discovery based on resource hopping mechanism.
In the past meeting, some mechanisms based on resource hopping among discovery periods were proposed to avoid persistent UEs collision in the same subframe or persistent strong in-band emission. Two examples are listed below.
· Pattern 1[2]: SF(i) = [SF(0) + (i∙PRB(0)) mod nSF] mod nSF
PRB(i) = [PRB(0) + i mod nRB] mod nRB
· Pattern 2[3]: SF(i) = [floor(PRB(0)/nSF) ∙i∙i + mod(PRB(0),nSF) ∙i + SF(0)] mod nSF
PRB(i) = [PRB(0) + 3∙i] mod nRB
where nSF and nRB are the size of discovery resource pool in time domain and frequency domain, and i is the index of discovery period.

With these resource hopping patterns, D2D UEs transmitting discovery signal in the same subframe can hop to different subframes in the following discovery periods. Also, D2D UEs suffering from strong in-band emission in some period can be discovered by other UEs in other periods. However, a potential problem is that if two D2D UEs collide in the same discovery resource with the same index i, they will also collide in the other periods. They will be always interference to each other for other UEs and unable to discover each other due to half dual-duplex. Also, according to the above frequency hopping patterns, the relative position of frequency resources are fixed for different D2D UEs, which may lead to resource collision or strong in-band emission to the same UE with a higher probability.
To avoid the above problem, the hopping patterns can be optimized to avoid persistent collision or fixed frequency distance. An example with associated resources among different periods is shown below.
· Pattern 3: SF(i) = [SF(i-1) + PRB(i-1)] mod nSF
PRB(i) = [PRB(i-1) + K] mod nRB
where K can be a random number or a value derived from the D2D ID of the transmitting UE. According to the time hopping pattern, the D2D UEs occupying the same subframe but different PRBs in period i-1 can hop to different subframes in period i to discover each other. With the frequency hopping pattern, the D2D UEs occupying the same discovery resource in period i-1 can hop to different PRBs in the same subframe in period i, and then hop to different subframes via time hopping in period i+1. Furthermore, the D2D UEs occupying nearby frequency resources in the same subframe, which may endures stronger in-band emission from each other, is more likely to be allocated to different subframes in the next period, if the number of discovery subframes nSF is very limited.
The performance of the above three hopping patterns is compared with random resource allocation via system level simulation in Figure 9. For different hopping patterns, random resource selection is also used to acquire initial discovery resource. The discovery period index i is defined as the index of discovery resource period, which is the common for different D2D UEs. From the results in Figure 9, the performances of Pattern 1 and 2 are degraded by persistent resource collision. Pattern 3 can provide similar performance as random resource selection by randomization of frequency resource. 
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Figure 9: Average discovered UEs for different resource selection schemes with the same i(Option 1)

We also provide the discovery performance of Pattern 2 with the definition of discovery period index i as the discovery period of each UE. As an optimal case for comparison, the index is assumed to be different for different D2D UEs from the first discovery time. In this case, the persistent collision can mostly be avoided. Also, different resource allocation mechanisms are considered for initial resource selection, and Pattern 2 is used to acquire the resources in following periods. 
· Measurement based: UE measures the interference in each resource and select the resource with low interference (random selection is used if multiple resources with low interference are found).
· Scheduling based: The D2D UEs belonging to the same eNB are scheduled to occupy orthogonal discovery resources (used only in the first discovery period).
It can be found from Figure 10 that the performance of Pattern 3 is not impacted by the definition of i. With Pattern 2, different resource initialization methods provide similar performance, which is still worse than completely random allocation and Pattern 3. Therefore, considering the performance evaluation and specification, it is proposed to take random resource selection as baseline scheme for further study of type 1 discovery. Furthermore, when resource hopping is studied as candidate, it would be better to design a hopping pattern that can be applied to all D2D data transmission for less specification effort.
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Figure 10: Average discovered UEs for different resource selection schemes with different i (Option 1)
Proposal 4: Random resource selection can be the baseline scheme for further study of type 1 discovery.
Proposal 5: During the study of resource hopping, the possibility to apply the same hopping pattern for type 1 discovery, type 2 discovery and communication should be taken into count.
3. Conclusion 
In this contribution, we discuss the details of resource allocation for D2D discovery. The performance of single and multiple discovery resources within one discovery period for a certain message is compared and multiple discovery resources show benefits for large scale discovery. For further comparison of different resource allocation/selection methods and other aspects of type1 discovery, random resource selection can be the baseline scheme. Other optimized methods with better performance than the baseline scheme are expected. To summarize, the proposals are listed below.
Proposal 1: UE Grouping based discovery period/offset and resource configuration can be adopted for cases of insufficient discovery resources.

Proposal 2: Allocation of multiple discovery resources within one discovery period for a certain message can be considered especially for case of sufficient discovery resources.
Proposal 3: In case of multiple discovery resources for one message, information combination of the discovery resources in receiver can be achieved via fixed mapping pattern, e.g. RMP 4.
Proposal 4: Random resource selection can be the baseline scheme for further study of type 1 discovery.
Proposal 5: During the study of resource hopping, the possibility to apply the same hopping pattern for type 1 discovery, type 2 discovery and communication should be taken into count.
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5. Appendix
Table 1: System level simulation assumptions
	Parameter
	Assumption

	Layout
	Hexagonal grid, 3 sectors per site with 19 macro-site with wraparound

Option 1: (Urban macro (500 m ISD) + 1 RRH/Indoor Hotzone per cell) 

	Channel model
	According to TR 36.843 v0.1.0

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v1.0.0

	Discovery Bandwidth
	44RBs

	Discovery subframes number in one period
	16/64

	Discovery signal format
	1 PRB PUSCH with two slots

	Resource allocation
	Random allocation within each period as baseline

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

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Message size
	104bits

	UE mobile speed
	3km/h
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