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1 Introduction
In RAN1 76 and 76bis, the following agreements and working assumptions were made [1][2]. 
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource
· When in-coverage, discovery period and amount of discovery resource(s) are configured by eNodeB
· Other schemes can be considered later.
· Further to the baseline agreed above, the following FFS options can be further studied (including number of discovered devices and latency) for a UE’s transmission on a discovery resource (or on a set of resources if repetition is supported):

· Option 1: based on Tx UE transmission period and offset

· Option 2: based on a fixed or adaptive transmission probability derived from a preconfigured/configured nominal transmission probability

· Others

· A discovery resource has a duration of not less than 1ms (FFS if it can be >1ms if required by the final decision on MAC PDU size, in which case it would be a multiple of 1ms and consist of consecutive D2D subframes) and is used for a single transmission of a given discovery MAC PDU by a UE

· TDD special subframe is FFS

· Repetition (either contiguous or non-contiguous) of transmission of a given discovery MAC PDU by a UE within a discovery period is FFS; if supported:

· FFS between:

· The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 

· The UE performs random selection for each resource in the set of resources. 
· The maximum number of repeated transmissions is FFS.
· Confirm that a radio resource pool(s) may be provided by eNB for D2D UEs in SIB for discovery reception for Type-2B (if supported)
· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery
· UE is not required to decode neighboring cell SIB.

· Mechanisms for Type-2B discovery
· a resource hopping mechanism following the resource allocation by eNB can be applied
· FFS details of resource hopping mechanism.

· Others FFS
In this paper, we discuss the type-1 and type-2B discovery resource allocation and repetition of discovery MAC PDUs. Some proposals are given based on the discussions. 
2 Type-1 Discovery resource allocation

As agreed in RAN1-76, the baseline resource allocation for type-1 discovery is the random selection of the discovery resource from the resource pool in each discovery period. In network coverage, the resource pool and the discovery period are configured by the eNB through SIB signaling. 
Through accumulation of the discovery results over multiple discovery periods, random resource selection is an effective means to alleviate the half-duplex constraint and the in-band emission interference in device discovery. However, a potential problem with random resource selection is collision interference, especially when the configured resource pool size is too small relative to the actual discovery user density (which includes both RRC_Connected UEs and RRC_Idle UEs for type-1 discovery and the latter may be the majority, thus, it may be difficult for eNB to configure a suitable resource pool size matched well to the actual user density). 
On the other hand, since the discovery resource pool may be multiplexed with the uplink cellular resource through TDM (and possibly FDM), it has some potential impact on the cellular operations (e.g., eNB may deliberately avoid scheduling uplink transmissions over the discovery resource pool). Thus, in order to keep the impact on the cellular system as low as possible, it is desired that the resource pool configuration for D2D is quasi-static and its reconfiguration as infrequent as possible. 
In this case, how to manage the collision  of the random resource selection with fixed resource pool configuration needs to be studied. A potential simple scheme is to control the persistence state, which is the transmission probability of the discovery UE in one discovery period. In the case that the discovery UE density is too large relative to the configured resource pool (thus, collision interference is severe), the transmission probability of the discovery UE in one discovery period can be a relatively low value (e.g., 0.5), otherwise, the UE can transmit discovery packet in each discovery period (i.e., transmission probability is 1). To implement the probabilistic discovery transmission, a super-period that includes an integer number of discovery periods can be defined such that the UE only randomly selects one discovery period among the super-period to transmit its discovery packet and acts only as a discovery receiver at other periods of the super-period. As per the configuration of eNB, the super-period can be cell-specific or UE-specific. 
Thus, we have the following proposal:
Proposal-1: Collision control for the random discovery resource selection needs to be studied. Persistence state control of discovery transmission in discovery period should be considered for collision avoidance, e.g., through transmitting the discovery packet only in one discovery period every multiple successive periods. 
3 Type-2B Discovery resource allocation

Type-2B discovery resources are UE-specific and semi-persistently allocated. Thus, type 2B resource allocation is only for UEs in RRC_Connected state. In this case, the discovery UEs involved in the type-2B discovery procedure may have different behaviors/properties in comparison with UEs in type-1 procedure, such as utilizing TA in their transmit timing control (i.e., T1-T2, T2=TA). 

In contrast to this, the type-1 discovery transmissions generally can only be time multiplexed with cellular signals due to the potential uncontrollable interference from specific timing control (T1-T2, with T2=0 for RRC_Idle UEs) and in-band emission. 
Thus, in order to support flexible configurations for the resource pools, we propose:
Proposal-2: Type-1 and type-2B (if supported) discovery procedures use different resource pools for both transmission and reception. 
4 Repetition of discovery MAC PDU
The configuration for the discovery resource is illustrated in Figure 1. In each discovery period, some contiguous subframes are allocated for the discovery (and D2D direct communications). The configured discovery resources within one discovery period correspond to the discovery resource pool without repetition (option 1), or with some repetitions (option 2). 

The motivation of repetition of discovery MAC PDUs is to achieve time/frequency diversity gains and soft combining gains to enhance the link level decoding performance of the MAC PDU. The cost of repetition is the reduced effective discovery resource pool size given the same total discovery resources in a period, or more resources are needed if given the same resource pool size. Thus, the actual achievable gains of repetition will depend on the balance of these two factors.
Figure 2(a) shows the BLER comparison of the discovery MAC PDU (104bits) transmission through a fading channel (ETU@3kmph) with and without repetitions. The detailed simulation conditions are listed in the appendix. We can see that as expected the link level performance with repetition greatly outperforms the performance of a single transmission due to the diversity gains, combining gains and some coding gains (RV0 and RV1 are used in the repetitions). 
For the discovery transmissions with repetition, in order to achieve the soft combining gains the UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. If the UE performs random selection for each resource in the set of resources, then the discovery receivers cannot easily perform the soft combining since they initially do not know which discovery resources correspond to the same MAC PDU. Figure 2(b) compares soft combining and hard combining (i.e. at higher layers) for repetition. 
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Figure 1: discovery resource configuration illustration
[image: image2.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

10

-2

10

-1

10

0

SNR, dB

BLER

 

 

without repetition

with one repetition

[image: image3.emf]-10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

SNR dB

Detection Error Probability

 

 

Soft-combination

Hard-combination


(a) transmission with and without repetition        (b) transmission with repetition

Figure 2: Link-level simulation results with or without repetitions

Based on the above considerations, the following proposals are made: 

Proposal-3: Repetition of a given discovery MAC PDU by a UE within a discovery period is supported with the number of repetitions being configurable by the eNB.

Proposal-4: The UE performs random selection only for the initial resource in the set of discovery resources that can be used for repeated transmissions of a discovery MAC PDU; the resources for the repetitions are deterministically associated with the first resource.
5 Conclusions
In this paper, we discuss type-1 and type-2B discovery resource allocation and repetition of discovery MAC PDUs. The proposals are as follows
Proposal-1: Collision control for the random discovery resource selection needs to be studied. Persistent state control of discovery transmission in discovery period should be considered for collision avoidance, e.g., through transmitting the discovery packet only in one discovery period every multiple successive periods. 

Proposal-2: Type-1 and type-2B (if supported) discovery procedures use different resource pools for both transmission and reception.
Proposal-3: Repetition of a given discovery MAC PDU by a UE within a discovery period is supported with the number of repetitions being configurable by the eNB.

Proposal-4: The UE performs random selection only for the initial resource in the set of discovery resources that can be used for repeated transmissions of a discovery MAC PDU; the resources for the repetitions are deterministically associated with the first resource.
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Appendix

Link level simulation conditions

	
	

	Discovery message size
	104 bits

	CRC size
	24 bits

	Discovery resource unit
	One PRB-pair, including 2 RS symbols and 12 data symbols.

	Discovery detection
	Single PRB-pair detection or soft combinations of two PRB-pairs transmissions (i.e., repetition transmission).

	Turbo coding
	RV0 used for single PRB-pair transmission and RV0 and RV1 used for two PRB-pair transmissions. 

Decoding algorithm: MAX-Log-MAP, 

Iteration number: 8

	Antenna numbers
	1 TX and 2 RX

	Fading channel
	ETU channel, 3kmph

	SNR
	Per-subcarrier SNR
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