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1 Introduction

In previous RAN1 #78 meeting, the transmission resource pool for discovery was agreed as given below [1].

Agreement:

· From the UE perspective, at any given time instant, up to 4 discovery transmission pools can be independently configured, each of which may be configured for either of the discovery types

With this agreement, each transmission pool of discovery can be utilized for various purposes. Among various purposes, we consider multiple transmission pools to be used for WAN protection because in-band emission impact from discovery Tx UEs is significant. Therefore, in this contribution, we discuss the utilization of multiple transmission pools based on RSRP for WAN protection for type-1 discovery. The evaluation results prove this utilization is effectively beneficial for reducing D2D impact on WAN without loss in D2D discovery performances.
2 Utilization of multiple resource pools for type-1 discovery transmission
In this contribution, we consider two transmission pools for type-1 discovery for simplicity of description. Figure 1 shows an example of utilization of multiple transmission pools for type-1 discovery. For transmission of discovery signal, each transmission pool consists of multiple subframes in the time domain and multiple resource blocks in the frequency domain. Since each pool is frequency division multiplexed (FDMed) with PUCCH in a subframe and PUCCH is used for the transmission of ACK/NACK, CQI, etc, in-band emission generated from discovery Tx UEs makes considerable impact on PUCCH reception in eNB. These errors in ACK/NACK, CQI, etc eventually cause downlink throughput loss due to downlink retransmissions. Therefore, WAN protection should be treated with a high propriety. 
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Figure 1. Utilization of multiple transmission pools for type-1 discovery
For this reason, we consider multiple transmission pools to be utilized for WAN protection for type-1 discovery. As shown in Figure 1, transmission pool 1 can be allocated for the group of UEs making low interference to PUCCH  while transmission pool 2 for the group of UEs making high interference to PUCCH. For the utilization of transmission pools, RSRP threshold is configured by eNB and every UE can select one of transmission pools comparing measured RSRP with the RSRP threshold. Therefore, a UE having lower RSRP than the threshold transmits its discovery signal in transmission pool 1 and the other in transmission pool 2. With the proposed pool selection based on RSRP, PUCCH FDMed with transmission pool 1 can be received stably while PUCCH FDMed with transmission pool 2 is expected to have low SINR. By the introduction of multiple resource pools in this way, we can reduce the number of subframes that suffer from unreliable PUCCH reception by the in-band emission. 
In the next section, we show the evaluation results when the proposed pool selection based on RSRP is applied.
3 Performance evaluation
The details on the evaluation assumptions are summarized in the Annex A, which is in line with the RAN1 agreements on D2D discovery until RAN1#78. Open loop power control is also compared to show that proposed pool selection based on RSRP is beneficial for WAN protection without loss of discovery performance.
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(a) Option 1                                                                                (b) Option 3
Figure 2. CDF of the received SINR of PUCCH 

Figure 2 shows the CDF of the received SINR of PUCCH in option 1 and option 3, respectively. For the successful reception of PUCCH in eNB, SINR of -7.8 dB is required and vertical dotted red lines in the Figure 2 represent -7.8 dB SINR [2]. For the pool selection based on RSRP, we used -67 dBm as RSRP threshold. Baseline result means the case where WAN protection is not applied and every transmission pool has same configuration. As shown in Figure 2 (a), about 15% and 50% of PUCCHs are expected to have errors in baseline case for option 1 and option 3 respectively. Therefore, eNB cannot expect the reliable PUCCH reception in all subframes that discovery resource pools are configured.  However, as shown in the figure, SINR of PUCCHs with resource pool for low interference UEs can have sufficiently high SINR for reliable PUCCH reception. So we can expect robust transmissions of ACK/NACK, CQI, etc in subframes that resource pool for low interference UEs are allocated. We also see that PUCCHs can have sufficient SINR by utilizing proper power control configuration.
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(a) Option 1                                                                      (b) Option 3

Figure 3. The number of discovered UEs

The discovery performances are shown as the averaged number of discovered UEs according to discovery duration in the figure 3. We can see that open loop power control has smaller number of discovered UEs compared with baseline in both option 1 and option 3. With smaller PO, the number of discovered UEs becomes more decreased. Meanwhile, pool selection based on RSRP shows nearly little difference with baseline performance in option 3. Although little latency seems required in option 1, discovery performance of the proposed pool selection also shows negligible difference with baseline as discovery duration is increased. Concluding the results shown in Figure 3, the proposed scheme has no impact on the performance of type-1 discovery while the open loop power control makes the number of discovered UEs decreased.
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(a) Option 1                                                                      (b) Option 3

Figure 4. The number of D2D Rx UEs discovering a D2D Tx UE

Figure 4 shows CDF of the number of D2D Rx UEs successfully discovering a D2D Tx UE at the 64th discovery duration. With the results, we can expect the discovery coverage of a Tx UE when options for WAN protection are applied. Smaller number of discovering Rx UEs means discovery coverage shrinks. In Figure 4 (a), CDF of pool selection based on RSRP is exactly same with that of baseline. On the other hand, we can easily see open loop power control reduces discovery coverage considerably and the situation is worsening with more reduced PO. This coverage reduction impact is more serious in option 3 representing outdoor only case as shown in Figure 4 (b). With these results, we can conclude that the proposed pool selection based on RSRP has no impact on discovery performance compared with baseline while open loop power control reduces discovery coverage notably for UEs close to the eNB and leads to negative impact on discovery performance.
Concluding all the evaluation results in this contribution, the proposed pool selection based on RSRP can minimize the impact of the in-band emission for PUCCH reception with negligible impact on discovery performance. Open loop power control is also a possible way to minimize the in-band emission impact to WAN, but it will reduce the discovery coverage for a UEs close to the eNB, which results in performance unfairness depending on UE's location in a cell.
Observation

· The pool selection based on RSRP can minimize the impact of the in-band emission for PUCCH reception with negligible impact on discovery performance. 
· Open loop power control can eliminate the in-band emission impact to WAN, but it will reduce the discovery coverage significantly and result in performance unfairness.

Proposal:
· Multiple transmission pools for type-1 discovery can be utilized for different group of UEs having similar RSRP.
· RSRP threshold can be configured by eNB for the utilization of multiple transmission pool.
4 Conclusions
Based on the discussion and evaluation in this contribution, we provide observation and proposal as followings. 
Observation

· The pool selection based on RSRP can minimize the impact of the in-band emission for PUCCH reception with negligible impact on discovery performance. 
· Open loop power control can eliminate the in-band emission impact to WAN, but it will reduce the discovery coverage significantly and result in performance unfairness.

Proposal:
· Multiple transmission pools for type-1 discovery can be utilized for different group of UEs having similar RSRP.
· RSRP threshold can be configured by eNB for the utilization of multiple transmission pool.
5 References
[1] RAN1 Chairman’s notes, 3GPP TSG RAN WG1 Meeting #78 Dresden, Germany, August 2014
[2] 3GPP TR 36.888, “Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE,” V12.0.0
[3] R1-140393, “Resource allocation method for D2D discovery,” Samsung, Feb 2014
[4] 3GPP TR 36.843 V1.2.0, “Study on LTE Device to Device Proximity Services,” February 2014
[5] R1-133988, “Proposal on In-band Emissions Parameters,” Qualcomm Incorporated, Nokia, NSN
[6] R1-141820, “Simulation assumptions for impact of D2D on WAN-agreements from [76b-11],” Qualcomm Inc. (rapporteur), May 2014

A  Evaluation assumption

	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout option
	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 [4]

	In-band Emission
	As agreed in [5] and {0,0,0,0} in [6]

	Network synchronization
	eNBs are synchronized each other

	Discovery channel format
	PUSCH structure is reused for discovery message: 
224 bit information, 24 bit CRC, turbo code, QPSK modulation and proper rate matching for mapping to two PRB pairs.

	Resource allocation
	Each discovery resource pool has 64 subframes. Within the subframes, it is assumed that 44 PRBs are used for D2D discovery and 3 PRBs in each band edge are used for PUCCH considering 10MHz system bandwidth. The D2D UE can transmit its discovery signal using two PRBs selected randomly in the selected transmission pool.
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