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

At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarify and not to limit the scope of the study):

· 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.

· Periodic uplink resources are allocated for discovery in a semi-static manner
· Discovery resources within one period of the allocation are divided intro time-frequency resources
· Division can be at least FDM and/or TDM
At the RAN1#74bis meeting the following working assumptions on CP and transmission timing were established.

· CP length FFS

This contribution discusses resource allocation issues based on our analysis of type 1 and type 2 discovery, the cyclic prefix (CP) length configuration, and inter-cell discovery. The discussion focuses on the general scenario within NW coverage.
2. Type 1 and type 2 discovery

From the definition, the fundermental difference between type 1 and type 2 discovery is on the resource allocation procedures, i.e. on a non-UE specific basis or on a per-UE specific basis.  Although type 1 and type 2 discovery can be distinguished by defintion, there is no implication that only a single type of resource allocation should be utilized in the network. Therefore, the following three possible cases can be considered:
· Case 1: only type 1 discovery utilized
In the case, the NW can only semistaticlly assign resource for non-specific UEs to send discovery signals, and UEs select individual resource in an autonomous way. The NW would have little control on the resource ultilizaton of each specific UE, and thus the interference among D2D discovery signals and from that to WAN communications can only be managed in a statistical way. To protect from the potential harm due to UE mis-behavior, some suitable resource selection rule should be defined and all UEs should follow the rule to gurantee the fairness and discovery performance. The discovery range of a discovery signal would be interference limited as multiple UEs may autonomously select the same resource and interfere with each other. 
· Case 2: only type 2 discovery utilized
In the case, the NW should assign resource of discovery signal transmission for each individual UE. Longer discovery range can be expected, because the interference among discovery signals can be reduced by eNB scheduling as much as possible. The interference from discovery signal to legacy WAN communicaiton is also more predictable. Further, shorter latency and more flexible resource allocation can be expected as the resource allocation can be performed dynamically. However, the signaling cost and the UE power consumption would be high if the UE number is large. Further, as UEs should be in RRC_Connected state to receive UE-specific resource allocation, RRC_idle UEs have to switch their state into RRC_connected for resource allocation, which will cause additional UE energy consumption & signaling cost.
· Case 3: both type 1 and type 2 discovery

In the case, the NW would have the flexibility to use both type 1 and type 2 discovery and achieve a balance between the signaling cost/energy consumption and the discovery performance like discovery range and latency. Further, the NW would be more flexible to satisfy the different requirements from different proximity discovery use cases. For example, a limited number of UEs e,g. local advertizers can be allocated resource on a per UE specific basis to achieve better range and latency performance; while the other large number of UEs can still use type 1 discovery to avoid too much signaling and energy consumption cost. 
Based on the above discussions, we proposed that:
Proposal 1: The NW should be able to allocate D2D discovery resource for both type 1 and type 2 discovery.
2.1 Resource allocation for type 1 discovery
For type 1 discovery, periodic UL resources are allocated for discovery in a semi-statistical manner. Generally speaking, the interference between D2D discovery signals and legacy WAN UL signals can be solved by orthogonalizing the resource allocation for D2D and WAN. However, if D2D discovery resource is FDM with WAN resource e.g. PUSCH & PUCCH, the impact of the interference due to inband emission on cellular UL signals may still need further investigation. Further, as agreed in RAN1#74b and RAN1#75, type 1 discovery UEs would transmit discovery signal at DL timing, while the legacy cellular UEs would transmit UL signals with timing advance adjustment. The ISI and ICI caused by the timing offset and carrier frequency offset would also need further inverstigation. 
Proposal 2: The interference among type 1 discovery and WAN UL communications should be resolved by orthorgonalizing the resource allocation for type 1 discovery and WAN, with consideration of the following issues:
· The impact of the interference due to inband emission on cellular UL signals, e.g., PUCCH.
· The ISI and ICI caused by the timing offset and carrier frequency offset.

Furthermore, for type 1 discovery, UEs may autonomously select resources to broadcast the discovery signal at a certain time period and listen to the discovery signal from other UEs in other time periods. The NW cannot directly control the resource utilization of each specific UE. Therefore, it would be important to define some rule for UE to follow on selecting individual resource to send discovery signal. Otherwise, some mis-behavior UE may break the fair resource utilization among UEs, cause severe interference and harm the overall discovery performance e.g. by casually occupying a large amount of resource to send discovery signals, etc.
A natural solution for resource selection would be to allow a UE to autonomously select resource within the resources allocated to type 1 discovery, while restricting the amount of resource that each UE can select in a discovery period. It may be helpful if the NW could have the flexibility to adjust the restriction according to the real NW resource utilization conditions, to avoid either severe interference among discovery signals or insufficient resource utilization. 

However, when UE deployment is rather dense, severe interference may still happen even with restriction that each UE can only send discovery signal once per period. A possible further improvement would be to reduce the repetition period in which UEs broadcast discovery messages. The NW or UE can measure and monitor the utilization of the discovery resources, and the repetition period for broadcasting the discovery signal can be prolonged if an excessive amount of interference exists. The detailed mechanism to measure and monitor the utilization of the discovery resources can be for further study.

Two possible mechanisms are considered to prolong the repetition period in which UEs broadcast a discovery signal.

Alt. 1: UE broadcasts a discovery signal with a repetition period of L discovery periods, and each UE randomly selects a period within L periods to start broadcasting.

Alt. 2: UE broadcasts a discovery signal in each discovery period with given probability p.

Although assigning more type 1 discovery resource may also be helpful to resolve the interference, the resource consumption will be increased. In addition, the NW may not always have sufficient resource for D2D especially when UE density is high. Further, there may be multiple clusters of UEs in an area each with different UE density. It may not be efficient for the NW to configure the amount of discovery resource by always considering the highest UE density. Finally, type 1 discovery resource would be semi-statically allocated, while the adjustment of repetition period can be performed by UE in a more flexible way..

We have run the simulation to evaluate the benefit of prolonging the repetition period with agreed simulation assumptions. The simulation assumptions and employed channel model are shown in Table I and Table II in the Appendix. As shown in Fig. 1(a), we assume that K sub-frames are allocated as discovery resources for all the UEs every T sub-frames, and in each sub-frame there are N PRB pairs available for discovery resources. Each individual discovery message transmission resource may occupy 1 PRB pair or 2 PRB pairs. TTI bundling is assumed when using 2 PRB pairs to send the discovery message, as shown in Fig. 1(b).
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Figure 1. Assumptions regarding discovery resources.
In simulation layout option 1 [1], truly indoor UEs are densely deployed, and the distributions of virtual indoor UEs (Annex A of [1]) and outdoor UEs are less dense. Therefore, much interference would exist among discovery signals from truly indoor UEs. In the simulation we arbitrarily set L = 2 and p = 0.5 for each truly indoor UE, and thus the comparison between the two alternatives would be fair. For Alt. 1, each UE would randomly select whether it will start broadcasting from the first discovery period or the second discovery period. The outdoor UEs and virtual indoor UEs would keep broadcasting a discovery message in each discovery period as they do not experience high interference. Other simulation assumptions are the same as those in Section 2 and Tables I and II in the Appendix.

In Fig. 2, we compare the number of discovered UEs vs. the number of discovery periods between the two alternatives and the original random selection (where a truly indoor UE transmits every discovery period). According to the observation derived in Section 2, the individual discovery message transmission resource is set as 1 PRB pair when [N,K] = [44,32], and as 2 PRB pairs when [N,K] = [44,64]. We observe that both alternatives can outperform the original frequent transmission scheme after five discovery periods. Furthermore, Alt. 1 achieves better discovery latency performance than Alt. 2.

Observation 1: For type 1 discovery, the discovery performance is improved by adjusting the repetition period for the UE sending discovery signals according to the congestion status.

Observation 2: Adjusting the repetition period yields better latency performance than setting the transmission probability.
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Figure 2. Number of discovered UEs vs. number of periods, with truly indoor UEs transmitting every period, every alternative period, or with probability p = 0.5 every period.
Therefore, we propose the following.

Proposal 3: The repetition period of the UE broadcasting discovery signal should be adjustable based on the discovery resource utilization.
2.2 Resource allocation for type 2 discovery

For type 2 discovery, discovery resource is allocated on a per-UE specific basis. UE specific signals can be used to allocate discovery resource to the transmitting UE, however, the signaling cost and the energy consumption would be much higher if the resource allocation is also delieved to potential receiving UEs using UE specific signals. Further, it may not be practical for the NW to identify receiving UEs in advance in many use cases such as local advertising. On the other hand, the receiving UEs would have to keep monitoring the whole bandwidth all the time for potential discovery signal if they have totally no knowledge on the D2D discovery resource allocation. 
Therefore, it may be an efficient way to allocate a resource region for receiving UEs of type 2 discovery in a similar way as type 1 discovery, that is, the resource region that the receiving UEs need to monitor is periodic and assigned in a semi-statical manner. And each individual resource allocation for transmitting UE should be within the resource region. To avoid the interference caused by autonomous resource selection of type 1 UEs, the resource region can be FDM/TDM with resources allocated for type 1 discovery. To optimize the resource utilization of type 2B discovery, the size of the resource region should be adjustable according to the number of type2 discovery transmitting UEs.
It should be noted that a receiving UE of type 2 disovery can simultaneously be a receiving UE of type 1 discovery, and vice versa. It is still FFS whether a UE which is allocated resource by type 2 discovery for discovery signal transmitting can still transmit discovery signal within type 1 discovery resource. 
Proposal 4: A resource region is semi-statically assigned for type 2 discovery receiving UEs
· The size of the region should be adjustable according to the number of type 2 discovery UEs.

· The resource region can be FDM/TDM with resources allocated for type 1 discovery.
For type 2a discovery, the resource is allocated for only a single discovery signal transmission instance. However, for type 2b discovery, the resource is semistatically allocated for a series of discovery signal transmissions. Resource hopping may be used for type 2B discovery to avoid half duplex problem and to achieve frequency diversity gain. 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 5: A predetermined hopping pattern should be applied to type 2B discovery 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 3 Resource hopping for type 2B discovery
3. Resource Allocation with different CP length configurations

As analyzed in our companion contribution [2], extended CP should be used in scenarios with large discovery range requirement and large timing errors. 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. If different CP length configurations can be used for D2D discovery signals, the discovery resource with different CP lengths should be TDM to avoid potential inter symbol interference. 
Proposal 6: 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. Resource Allocation for inter-cell D2D discovery

For synchronous cells deployment, the resource allocation for D2D discovery in different cells can be synchronized. It would be efficient for inter-cell discovery by letting each UE send/receive discovery signals in discovery resource allocated in its own cell. However, the impact of timing offset and CFO on the discovery performance due to eNBs synchronization error may need to be further invistigated.
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Figure 4 - Resource allocation with synchronous cell deployment
For asynchronous cell deployment, the resource allocation in different cells may not be synchronized. As analyzed in [3], an efficient solution for inter-cell D2D discovery is to let a UE send or receive a discovery signal within the D2D discovery resources allocated in the neighboring cells. 

Energy consumption could be suppressed if the UE could roughly learn the resource allocation for D2D discovery in the neighboring cells from its own eNB; otherwise, the UE will need to keep receiving/scanning for the resource allocation signal or discovery signal from the eNB or UEs in the neighboring cells. For example, each eNB may broadcast the information on the neighboring cell D2D discovery resource allocation using DL signals.

Proposal 7: Devices should roughly learn the discovery resource allocation of its neighboring cells for energy-efficient inter-cell D2D discovery with asynchronous cell deployment.
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Figure 5 - Resource allocation with asynchronous cell deployment
How the eNB knows the D2D resource allocation in its neighboring cells can be FFS. For example, cell edge UEs may estimate the rough timing difference among different cells, and report to its own eNB. The reported rough timing difference information can be exchanged among neighboring eNBs so that eNBs can learn the D2D resource allocation in the neighboring cells.
5. Conclusion
In this contribution we discussed the resource allocation for type 1 and type 2 discovery, the resource allocation with different CP configurations, and for inter-cell discovery.  Based on the discussion, we propose the following proposals:
Proposal 1: The NW should be able to allocate D2D discovery resource for both type 1 and type 2 discovery.

Proposal 2: The interference among type 1 discovery and WAN UL communications should be resolved by orthorgonalizing the resource allocation for type 1 discovery and WAN, with consideration of the following issues:

· The impact of the interference due to inband emission on cellular UL signals, e.g., PUCCH.

· The ISI and ICI caused by the timing offset and carrier frequency offset.

Proposal 3: The repetition period of the UE broadcasting discovery signal should be adjustable based on the discovery resource utilization.
Proposal 4: A resource region is semi-statically assigned for type 2 discovery receiving UEs

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

· The resource region can be FDM/TDM with resources allocated for type 1 discovery.
Proposal 5: A predetermined hopping pattern should be applied to type 2B discovery 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 6: 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.
Proposal 7: Devices should roughly learn the discovery resource allocation of its neighboring cells for energy-efficient inter-cell D2D discovery with asynchronous cell deployment.
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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 v0.1.0, 80% indoor and 20% outdoor, 100 UEs (2/3 of total) per indoor hotspot

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


Table II. Channel Model

	
	O2O
	O2I
	I2I

	Path loss model
	As offline discussion [73-10a]
	As offline discussion [73-10a]
	InH (36.814) 

	Probability of LOS
	Winner II
	N/A
	ITU-R IMT UMi 

	Shadowing
	LOS: 3 dB lognormal
NLOS: 4 dB lognormal
	7 dB lognormal
	7 dB lognormal
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