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1. Introduction

In RAN1 #77, the following agreements for Type 2B discovery were made: 
Resource pool configuration:
· For Type 2B discovery: Discovery period is a periodicity of resources used for reception of discovery transmission from a cell

· Multiple discovery periods of different length are possible

Hopping pattern 
· The time-frequency hopping pattern(s) used for type 2B discovery is/are deterministic

· Details to be decided at RAN1#78
Synchronization signal
· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

Also, in email discussion [77-19] the following agreements were made:  
· The following criterion shall be considered for the purpose of selecting a hopping pattern for type 2B discovery : 
·  For half duplex, the pattern ensures two discovery  resources used by different UEs are at least once not transmitted on the same sub-frame. 
· The following performance metrics shall be used: Number of UEs discovered as a function of time (system-level metric)   
·  Other metrics can be considered additionally, for example, 

· The statistics of the fraction of times any two discovery messages transmitted by different UEs within the same reception pool occur on the same sub-frame 

· WAN performance loss caused by the cellular spectrum fragmentation in a discovery subframe. 
In this contribution, we discuss Type 2B discovery resource allocation.   

2. Discussion
2.1. Resource pool configuration for Type 2B discovery  

As discussed in [1], DL timing is preferred for Type 2B discovery. If DL timing is used for Type 2B discovery, the resource pool of Type 2B discovery can be multiplexed with other D2D signal resource pool using DL timing such as Mode 2 communication and Type 1 discovery in frequency domain. The signaling method of resource pool configuration for Type 2B discovery is similar with Mode 2 communication as discussed in our companion contribution [2], thus similar resource pool signaling method can be used for Type 2B discovery. 

In email discussion [77-19], WAN resource fragmentation issue was discussed. In our view, WAN resource fragmentation issue can be handled by resource pool configuration. Taking the fragmentation issue into account is not necessary for hopping pattern design. For example, network can configure some of edge RBs in PUSCH region for discovery resource pool to avoid WAN resource fragmentation. 
Proposal 1: WAN resource fragmentation issue can be handled by resource pool configuration.  
2.2. Repetition within a period

As discussed in our companion contribution in [3], contiguous retransmission within a period is beneficial in terms of UE complexity such as AGC and buffering. Also, solving half duplex constraint within a period is not necessary since there is no discovery delay constraint and if there is undiscovered UE in a period, it can be discovered in the next period. In addition, configurable retransmission number by network is desirable to adjust performance for environment. 
Observation 1: Non-contiguous retransmission within a discovery period increase UE implementation complexity. 

Proposal 2: Contiguous retransmission within a period is supported for Type 2B discovery and configurable retransmission number is preferred. 

2.3. Hopping pattern design 

Half duplex constraint: For solving half duplex constraint, the pattern ensures two discovery  resources used by different UEs are at least once not transmitted on the same sub-frame. The half duplex constraint should be solved for all possible resource pool configurations. Figure 1 shows ideal discovery performance when Nt=2, Nf=20 and Nt=4, Nf=20. Drawing this figure, we assume that there are Nt*Nf UEs and each UE uses only one discovery resource without collision and all received discovery signals are always decodable. In the figures, “upper bound” means that all UEs discover all other Nt*Nf-1 UEs. We observe that Huawei, Intel, and Qualcomm’s hopping patterns cannot solve half duplex constraint for some resource pool configurations and Docomo, ZTE, LG’s hopping patterns can solve half duplex constraint for all resource configurations. In particular, when Nf is multiple of Nt, Huawei and Intel’s hopping patterns cannot solve half duplex constraint. 

Observation 2: Huawei, Intel, and Qualcomm’s hopping patterns cannot solve half duplex constraint for some resource pool configurations. 
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Figure 1. Ideal discovery performance when Nt=2, Nf=20 (left figure) and Nt=4, Nf=20 (right figure)
Inband emission: To minimize inband emission impact on discovery performance, the probability that any two discovery messages transmitted by different UEs within the same reception pool occur on the same sub-frame should be minimize. Figure 2 shows CDF of probability that a pair of resources occurs on the same sub-frame and ideal discovery performance when Nt=Nf=16. In this figures, it is observed that all proposals can solve half duplex constraint, but Docomo’s proposal has poor tail probability. This means Docomo’s hopping pattern is vulnerable from the in-band emission interference of intra-cell UEs since some UEs keeps transmitting simultaneously with 0.5 probability.
Observation 3: Docomo’s hopping pattern has drawback in terms of in-band emission interference of intracell UEs when Nt=Nf. 
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Intel, Huawei, LG have same performance.
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Figure 2. CDF of probability (left figure) that a pair of resources occurs on the same subframe and ideal discovery performance (right figure) when Nt=Nf=16.
Period index: As discussion in email discussion [77-20], some of discovery periods are comparable to system frame number (SFN) signaling range (i.e. 1024 radio frames).  For example, let us consider 1024 radio frame period of discovery resource pool. In this case, discovery resource pool can be configured by using SFN number, offset and subframe bitmap, but period index is not known to UEs because there is only one period within SFN signaling range and UEs have only information about resource pool location, not period index. Therefore, if there is no explicit discovery resource period index signaling, the period index in hopping pattern is not applicable to UEs in practice. 
Observation 4: The period index in hopping pattern is not applicable in practice.

Cell specific shift parameter: Several companies propose cell specific hopping using cell specific resource shift parameter. In particular, Intel proposed that the resource shift parameter is function of cell ID. However, in the situation that the scheduler between cells are shared, for example, there is a single scheduler in three-sector macro cell site, cell ID related hopping pattern will cause resource collision if the resource pool is shared between cells. When resource pool is shared between cells, but different hopping pattern between cell are applied, there will be collision between different cell UEs. Therefore, since it was agreed that inter-cell coordination will not be specified in Rel. 12, it is desirable that the cell specific shift parameter is signaled by higher layer like virtual cell ID to avoid resource collision in the shared resource pool. 

Proposal 3: Cell specific hopping pattern parameter should be signaled by higher layer. 
2.4. Performance evaluation  

Evaluation assumptions are summarized in Appendix A. Figure 3-5 show average number of discovered UEs versus discovery period for outdoor uniform drop and in and outdoor mixture drop when “Nt=Nf=16”, “Nt=4, Nf=20”, and “Nt=5, Nf=22”, respectively. In these figures, we assume that Qualcomm, Huawei, and ZTE do not use any of cell or site specific hopping parameter, LG uses a site specific hopping, Intel uses a cell specific hopping. For both of the cell specific and the site specific hopping parameters, frequency shift is only applied (i.e. t_shift=0). The cell specific frequency shift parameter is determined by f_shift = mod(cell ID, Nf), and the site specific shift parameter is selected among relatively prime numbers with respect to Nf. In all evaluation results, LG with site specific hopping pattern has the best performance. Comparing Docomo’s pattern with Intel’s pattern when Nt=Nf configuration, Intel’s pattern has better performance because Docomo’s pattern has drawback for Nt=Nf configuration. However, when Nt=4, Nf=20 configuration, Docomo’s pattern outperform Intel’s pattern because Intel’s pattern cannot solve half duplex constraint for the resource configuration. For Nt=5, Nf=22, Docomo’s pattern outperforms Intel’s one slightly. In Figure 6, we compare performance between the cell specific and the site specific hopping patterns. The letter “S” denotes the site specific hopping and the letter “C” denotes the cell specific hopping. From the all evaluation results, the following observations are made:
Observation 5: Cell or site specific hopping patterns outperforms the hopping patterns with no cell or site specific parameter.

Observation 6: Site specific hopping has better performance than cell specific hopping. 
Proposal 4: The following Type 2B hopping pattern is supported,
next_nt= mod (nt+ nf+ f(nf) , Nt) 

next_nf = mod(nf + floor(Nf/2)+ f_shift, Nf),
where  
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, and f_shift is signaled by higher layer.
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Figure 3 Discovery performance when Nt=Nf=16
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Figure 4. Discovery performance when Nt=4, Nf=20
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Figure 5. Discovery performance when Nt=5, Nf=22
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Figure 6. Discovery performance comparison cell specific hopping vs. site specific hopping
3. Conclusion
In this contribution, we discussed resource allocation for Type 2B discovery. The following observations and proposal were made:
Observation 1: Non-contiguous retransmission within a discovery period increase UE implementation complexity. 

Observation 2: Huawei, Intel, and Qualcomm’s hopping patterns cannot solve half duplex constraint for some resource pool configurations. 

Observation 3: Docomo’s hopping pattern has drawback in terms of in-band emission interference of intracell UEs when Nt=Nf. 
Observation 4: The period index in hopping pattern is not applicable in practice.
Observation 5: Cell or site specific hopping patterns outperforms the hopping patterns with no cell or site specific parameter.

Observation 6: Site specific hopping has better performance than cell specific hopping. 
Proposal 1: WAN resource fragmentation issue can be handled by resource pool configuration
Proposal 2: Contiguous retransmission within a period is supported for Type 2B discovery and configurable retransmission number is preferred. 
Proposal 3: Cell specific hopping pattern parameter should be signaled by higher layer. 
Proposal 4: The following Type 2B hopping pattern is supported,
next_nt= mod (nt+ nf+ f(nf) , Nt) 

next_nf = mod(nf + floor(Nf/2) + f_shift, Nf),
where  
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Appendix A. Evaluation assumption
	 
	General Scenarios

	LTE Layout
	· Option 1, 3 
· Urban macro (500m ISD)

	Carrier Frequency
	· 2GHz

	System bandwidth
	50RBs

	UE mobility
	3 km/hr

	UE RF parameters
	· Max transmit power of 23 dBm
· 1 Tx, 2 Rx antenna

	Total number of UEs for Type 2B discovery  per site
	  Nt*Nr

	UE drop for all UEs, for discovery evaluations
	For layout option 1: In-outdoor mixture drop 

For layout option 3: outdoor uniform drop 

	Wraparound
	Modelled

	In-band emission
	Modelled

	Discovery signal BLER
performance
	Information bits 
	240bits

	
	Frequency offset
	200Hz

	Hopping pattern equations 
	LG:

next_nt= mod (nt+ nf+ f(nf) , Nt) 

next_nf = mod(nf + floor(Nf/2)+ f_shift, Nf),

,where  
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, and f_shift= mod(NIDcell,Nf) or site specific.

Intel:

next_nt= mod (nt+ nf, Nt) 

next_nf = mod(nf + floor(Nf/2)+f_shift, Nf),

,where f_shift= mod(NIDcell,Nf) or site specific.

Docomo:

next_nt =mod (nf + nt*Nf +, Nt)
next_nf = mod((floor((nf + nt*Nf)/Nt) + f_shift) ,Nf)

f_shift= mod(NIDcell,Nf) or site specific.

ZTE:

next_nt =mod (nf + nt*Nf , Nt)
next_nf = mod((floor((nf + nt*Nf+p)/Nt) ,Nf),

p: period index

Qualcomm:

next_nt = mod(nt + ñf,Nt)

nf = ñf/2 if ñf is even
nf = floor(Nf +ñf)/2 if ñf is odd
next_ñf =  mod(ñf +1,Nf)

ñf: virtual frequency resource index (starting from 0) in the current discovery
Huawei:

next_nt = mod(nt + nf, Nt)

next_nf =  mod (nf + c, Nf)

c: is floor(Nf/2) or a number close to floor(Nf/2) and relatively prime with respect to Nf
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