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1
Introduction
This contribution discusses resource pool configuration for type-1 discovery. In the study item phase, we reached agreements as following [1]. 

Contents in Study item TR
For Type 1 discovery the following is agreed to:

· Periodic uplink resources are allocated for discovery in a semi-static manner
· [Discovery transmission resource configuration consists of a discovery period, number of sub-frames within a discovery period that can be used for transmission of discovery signals, and FFS number of PRBs.]*
NOTE: The definition of a discovery period is FFS.
· For a UE in-coverage these resources are configured by an eNodeB.
· Allocation can be performed using RRC signaling.

· Working assumption: Resource allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time-frequency resource blocks that are called “discovery resource”.
· Working assumption: A discovery resource has a duration of not less than 1ms and is used for a single transmission of a given discovery MAC PDU by a UE
·  If required by the final decision on MAC PDU size, discovery resource duration can be greater than 1ms. 

· In this case the duration would be a multiple of 1ms and consist of consecutive sub-frames with resource allocation for discovery.

· TDD special sub-frame is FFS.
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource.
It is agreed that periodic resource pool is configured by a common RRC signaling, e.g., SIB for type-1 discovery and UE randomly selects individual resource for the transmission of its discovery message. In this document, we discuss the resource pool configuration and how to adjust the size of the resource pool.
2
Resource pool configuration
For the physical channel design of the scheduling assignment (SA), we need to discuss first the required information for the scheduling assignment. In this section, we briefly touch this issue leaving the detailed discussion in [2]. 
2.1 
Performance on discovery vs. resource pool size

First, we discuss the discovery performance depending on the size of the resource pool. In Figure 1, discovery performance for various sizes of resource pool is shown. Understandably UE can discover more UEs when more subframes are assigned for the discovery resource pool. However the performance increase is getting smaller as the size of resource pool gets larger. Based on the results, it is required to select the most appropriate amount of resources by taking into account the discovery performance and the resource overhead. 
Results in Figure 1 are assuming same number of UEs per cell and cell size. Therefore, the proper amount of discovery resources may be different for actual deployment scenario since many factors should be considered to determine the best size of resource pool, e.g. the number of D2D UEs, cell size, traffic load for uplink WAN data, and etc. Therefore, the appropriate total amount of resources may be changed from time to time depending on the change of above factors. For the efficient configuration of the resource pool, we need a means to support the decision of the resource pool size. Next section will discuss possible options to support resource pool size determination.
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(a) Layout option 3 (only outdoor UEs)      
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Layout option 1 (outdoor and indoor UEs)    

Figure 1: Average number of UEs discovered for different resource pool size
Observation:

For the efficient configuration of the resource pool, we need a means to support the decision of the resource pool size.
2.2 
Resource pool configuration control

In the previous section, it was discussed that the number of D2D UEs should be considered for the decision of the resource pool size. However, there is no way for eNB to estimate it since RRC-Idle UEs are involved in the discovery operations. Therefore, an eNB needs to get some information which reflects the number of D2D UEs or the resource pool usage status information. This section discusses two possible options.
ENB measurement based approach
It was agreed in SI phase that D2D discovery is using uplink spectrum in FDD. Therefore an eNB has a capability to receive the D2D discovery signal regardless of FDD or TDD systems. If the eNB monitors the resources inside the configured resource pool, e.g., by measuring received interference power inside the resource pool or by decoding discovery messages by itself, the eNB is able to obtain information which can be used for the resource pool control. 

This approach is simple and can be achieved without specification impact. However, eNB itself is not the entity to transmit or receive D2D discovery signals. Therefore the information by measuring resource pool in the eNB location does not reflect the exact information of D2D resource utilization. If the eNB antenna port is located in the high tower, e.g. macro cell, the measurement would have some mismatches with the actual resource utilization.
UE measurement based approach
For the complementary approach of the eNB measurement based option, UE measurement method could be also considered. If a D2D UE can measure the resource pool and report to eNB, this measurement information would reflect actual resource utilization status. However, the limitation of this approach is that only RRC- Connected UE can perform the measurement report and practically there are more RRC-Idle UEs inside the resource pool. Only RRC-Connected UEs can carry out the measurement operation or IDLE UE can perform it by switching to RRC-Connected mode.
Proposal:
· For the efficient control of resource pool configuration of type-1 discovery, the following methods should be taken into account

· eNB measurement on D2D discovery resource pool
· UE measurement report when the UE is in RRC-Connected mode
2.3 
Rx resource pool vs. Tx resource pool

By applying either option in section 2.2, eNB can adjust the resource pool in a dynamic manner. However, assuming that inter-cell discovery is to be supported without any specification support (either L1 or X2), a UE may need to receive discovery signal outside of resource pool which is configured by the eNB that the UE belongs to. For this reason, it is proposed to define separate resource pools for Tx and Rx.
Tx resource pool is defined as the set of resource blocks that the UE inside an eNB can transmit its discovery signal at. The eNB can control Tx resource pool in a dynamic manner. While Rx resource pool is defined as the set of resource blocks that the UE has to try receiving discovery signals from other UEs. Rx resource pool should be common over the multiple eNBs, where inter-cell discovery is supported (e.g., synchronized network). Therefore, eNB itself cannot control Rx resource pool configuration and Rx resource pool can be pre-configured or configured in a long term basis considering multiple eNBs.
By differentiating Tx and Rx resource pools, an eNB can adjust Tx resource pool and possibly allocate remaining resources for WAN communication. This will give the eNB flexibilities to allocate resources for D2D or WAN in a more efficient way. Tx resource pool has to be a subset of the Rx resource pool.
Proposal:
· Tx resource pool and Rx resource pool should be defined separately
· Tx resource pool is a subset of the Rx resource pool.

· Both resource pools are signaled by SIB signaling

· An eNB can control only Tx resource pool configuration in a dynamic manner
3
Conclusion

Based on the discussion in this contribution, we propose following.
Proposal:
· For the efficient control of resource pool configuration of type-1 discovery, the following methods should be taken into account

· eNB measurement on D2D discovery resource pool

· UE measurement report when the UE is in RRC-Connected mode
· Tx resource pool and Rx resource pool should be defined separately

· Tx resource pool is a subset of the Rx resource pool.

· Both resource pools are signaled by SIB signaling

· An eNB can control only Tx resource pool configuration in a dynamic manner
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A   Evaluation assumption

	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
	
[image: image3.emf]
Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around

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

Option 3: Urban macro (500m ISD) (all UEs outdoor) 

	Carrier frequency
	2.0GHz

	D2D Path loss model
	Agreed assumption

	
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m
· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	O2I
	LOS: PL_B1_tot(dout+din)+20.0+0.5(din
NLOS: PL_B1_tot(dout+din)+20.0+0.5(din-0.8(hMS,

where din for virtual indoor UE is 1.5m

	
	I2I (same building)
	LOS: PL = 16.9(log10(d) + 32.8 + 20(log10(fc)
NLOS: PL = 43.3(log10(d) + 11.5 + 20(log10(fc)

	
	I2I (different buildings)
	PL = 43.3(log10(d) +11.5 + 20(log10(fc) + 40

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

except I2I different building case

	Shadowing
	I2I (same building)
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	
	O2O, O2I
	7 dB log-normal

	
	I2I (different buildings)
	10 dB log-normal

	Small scale fading
	Not applied

	RSRP calculation
	UE Tx power – (Path loss + Shadowing)

	UE Noise Figure
	9 dB

	UE TX power
	23 dBm

	UE drop
	According to agreed assumptions [2]

	In-band Emisson
	As agreed in [3]

	Network synchronization
	eNBs are synchronized each other

	Discovery resource
	44 PRBs, variable number of subframes (10-100 subframes)
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