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1. Introduction
At the RAN1 #73 meeting, the definitions of two types of discovery procedures were agreed upon [1].

· Type 1: A discovery procedure where resources for discovery signal transmission are allocated on a non-UE specific basis
· Note: Resources can be for all UEs or group of UEs

· Type 2: A discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals
· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

At the RAN1 #74 meeting, it was agreed that periodic uplink resources are allocated for discovery in a semi-static manner for type 1 D2D discovery [2].

· Periodic uplink resources are allocated for discovery in a semi-static manner

· Discovery transmissions can use a message of x bits and/or sequences

· FFS if the signal transmitted is SC-FDM or OFDM

At the RAN1#74bis meeting the following working assumptions on CP and transmission timing were established [3].

· CP length FFS

· At least for discovery
· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2 = 0
This contribution discusses resource allocation issues based on our analysis of type 1 and type 2 discovery and the cyclic prefix (CP) length configuration. The discussion focuses on the general scenario within NW coverage.
2. Resource Allocation for Type 2B Discovery 
2.1. Comparison of Type 1 discovery and Type 2 discovery

For type 1 discovery, resources for discovery signal transmission are semi-statically allocated on a non-UE specific basis, and hence non-UE specific signaling such as SIB may be used by an eNB to broadcast the resource assignment. Individual UEs select discovery resources in a distributed way, which will result in collision and discovery failure when more than one UE selects the same discovery resource. In a high UE density case, interference among discovery signals may reduce the discovery range.

For type 2 discovery, resources for discovery are allocated on a UE-specific basis, and hence the eNB could schedule the resource usage of UEs to achieve contention-free type 2 discovery. However, the transmitting UE should be in the RRC_CONNECTED state to receive UE specific signaling from the eNB. 
Table I summarizes some aspects of type 1 discovery and type 2 discovery.
Table I. Comparison of Type 1 Discovery and Type 2 Discovery
	Aspects
	Type 1 Discovery
	Type 2 Discovery

	Resource allocation
	Non-UE specific, distributed resource selection for each individual UE
	UE specific, centralized resource allocation for each individual UE

	Signaling
	Non-UE specific signaling, such as SIB
	UE specific signaling at least

	RRC status of transmitting UE
	RRC_CONNECTED or RRC_IDLE
	RRC_CONNECTED

	Discovery performance
	Contention-based, performance restricted by interference
	Contention free, the number of discovered UEs is restricted by the number of resources and signaling cost


From the above analysis, type 1 discovery may be more efficient than type 2 discovery on performance metrics including power consumption and the number of discovered UEs, due to a lower signaling cost and resource restriction. Type 2 discovery may be more efficient than type 1 discovery based on performance metrics including range and latency due to a lower level of interference. Both type 1 and type 2 discovery have advantages and limitations, so that they can be used in a complementary way. 
Proposal 1: Both type 1 discovery and type 2 discovery should be supported.
For type 2B discovery, resources are semi-persistently allocated, and thus the signal overhead can be reduced compared to type 2A. In addition, it  may be beneficial to allocate resources for type 2B discovery in a similar way as type 1 discovery, that is, resources should also be assigned periodically. A UE can be scheduled by an eNB in one period and then keep broadcasting discovery signals in the following specified periods. The resource regions for type 1 and type 2B may be assigned jointly, and could be divided by FDM or TDM. To optimize the resource utilization of type 2B discovery, the size of the resource region should be adjustable according to the number of RRC_CONNECTED UEs.
Proposal 2: A resource region is semi-statically assigned for type 2B discovery.

· The size of the region should be adjustable according to the number of type 2B UEs.

· The resource region should be FDM/TDM with resources allocated for type 1 discovery.
2.2. Half-duplex problem for Type 2B discovery

Due to the half-duplex constraint, UEs cannot receive discovery signals from other UEs when it is transmitting, consequently the “deaf” problem may happen, which means that the transmitting UE cannot discover other UEs that transmit signals in the same subframe. For example,  UE A, UE B, and UE C in Fig. 1(a) transmit signals in the same subframe, hence they cannot discover each other.

In order to address this problem, a solution such as “resource hopping” may be used in type 2B discovery as in [4] and [5]. The following approach can be considered.

· NW indicates “initial D2D resources” for each UE in one period.
· A type 2B UE autonomously changes the D2D resource for discovery signal transmission at each subsequent D2D period according to “pre-defined hopping rule.”

An optimum pre-defined hopping rule can minimize the number of required discovery periods until a certain type 2B UE has different transmission timing from all other type 2B UEs at least once. Figure 1 illustrates an example of resource hopping. As shown in the figure, a hopping rule is actualized by changing the frequency-domain order to the time-domain order in each period. Furthermore, cyclic shifts in the frequency domain can be considered to introduce frequency diversity. After 3 hops, UE A, UE B, and UE C can discover each other. 

Proposal 3: A predetermined hopping pattern should be studied such that all the type 2B discovery UEs can discover each other within a minimum length of time, while achieving a frequency diversity gain.
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Figure 1 Resource hopping for type 2B discovery

3. Resource Allocation Considering CP Length Configuration
As analyzed in our previous contribution [6], the CP length should be longer than the timing offset plus delay spread to avoid ISI. According to the working assumption that T2 = 0 for idle UEs, the timing offset plus delay spread may exceed the length of a normal CP when the transmission range is long, which would degrade the discovery performance. In addition, for inter-cell discovery, the timing offset may be large due to the difference in cell radius among neighboring cells, and the timing offset may exceed the length of a normal CP. For example, let us assume that two UEs belong to the same serving eNB with the DL timing tracking error of ±0.5 µs [7]. If the maximum excess delay is 0.41 µs (from EPA model) [8], the discovery range will be no more than 494 m with the normal CP and 2294 m with extended CP. If the maximum excess delay is 5 µs (from the ETU model) [8], there will be ISI with the normal CP length, while the extended CP may support a discovery range of approximately 1605 m. The discovery range that each CP length can support will be even shorter if inter-cell discovery is considered, e.g., considering the difference in cell radius and the maximum 3 µs inter-eNB synchronization error in TDD systems [9].  Hence, an extended CP should be used in some cases. 

However, applying an extended CP may decrease the spectral efficiency. On the one hand, fewer symbols are carried in a subframe for the discovery signal, on the other hand, resources may be wasted for a short range discovery. To cover the timing offset and to meet the different discovery range requirements in different deployment scenarios, we propose investigating how to configure the CP length.
Proposal 4: To cover the timing error and satisfy the different discovery range requirements in different deployment scenarios, how to configure the CP length should be studied.

· In network coverage, the eNB should be able to configure and control the CP length configuration.

· Resources for different CP length configurations should be TDM.
4. Conclusion

In this contribution we discussed the resource allocation for inter-cell D2D discovery. Based on the discussion, we propose the following.

Proposal 1: Both type 1 discovery and type 2 discovery should be supported.
Proposal 2: A resource region is semi-statically assigned for type 2B discovery.

· The size of the region should be adjustable according to the number of type 2B UEs.

· The resource region should be FDM/TDM with resources allocated for type 1 discovery.
Proposal 3: A predetermined hopping pattern should be studied such that all the type 2B discovery UEs can discover each other within a minimum length of time, while achieving a frequency diversity gain.
Proposal 4: To cover the timing error and satisfy the different discovery range requirements in different deployment scenarios, how to configure CP length should be studied.

· In network coverage, the eNB should be able to configure and control the CP length configuration.

· Resources for different CP length configurations should be TDM.
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