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1. Introduction

In RAN1 #77 meeting, following agreement was reached for type 2B discovery [1].

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

· Details to be decided at RAN1#78

After RAN1 #77, hopping patterns and evaluation criterions for type 2B discovery were discussed further via emails. The outcome of the email discussion is [2]:

Proposal: 

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. 

Hopping patterns recommended by companies can be found in [2: RAN1 email discussion]. In this contribution, more details about hopping rules are discussed and performance evaluation results are provided. UE-specific resource allocation for type 2B discovery is discussed as well, based on the agreements concluded in RAN1#77 [3]:

Agreements:
· Confirm that a radio resource pool(s) may be provided by eNB for D2D UEs in SIB for discovery reception for Type-2B (if supported)
· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery
· UE is not required to decode neighboring cell SIB
· Mechanisms for Type-2B discovery

· a resource hopping mechanism following the resource allocation by eNB can be applied

· FFS details of resource hopping mechanism 

· Others FFS
2. Discussions on Hopping Patterns
For type 2B discovery, eNB allocates exact resources for transmitting UEs, and a hopping rule will be used following an initial resource allocation to overcome the half-duplex problem and randomize the in-band emission as discussed so far. Regarding half duplex, the agreed criterion is that the hopping pattern shall ensure two discovery resources used by different UEs are at least once not transmitted on the same suframe. 
Actually, a majority of hopping patterns recommended by companies use frequency and/or time indices of discovery resources to calculate the frequency and time index of discovery resources of the next period. As a result, the hopping performance largely depends on the discovery resource pool size. For instance, if frequency discovery resource number is multiple of time resource number, the hopping pattern shown in Table 1 would suffer from performance degradation as discovery resources with certain frequency interval would always occur in the same subframes. In another word, half-duplex problem cannot completely be solved.
Table 1 A recommended hopping pattern (Pattern A)
	Time-hopping
	Frequency-hopping
	comments

	 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


Take Nt = 4 and Nf = 12 as an example. The hopping result is shown in Fig. 1 with the assumption that c = 5, i.e. c is a number close to floor(Nf/2) and relatively prime with respect to Nf.
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Figure 1 A hopping example based on Pattern A
It can be seen that the resources marked by yellow cannot be scattered in time via hopping.
A modified rules based on hopping pattern in Table 1 is shown in Table 2. It is recommended to improve the hopping rule in Table 1 to solve the half duplex issue. However, it can be found that in some resource pool configurations, the half duplex problem still exists. 
Table 2 A modified hopping pattern based on Pattern A (Pattern J)
	Time-hopping
	Frequency-hopping
	comments

	next_nt= mod (nt+ nf+ f(nf) , Nt) 
	next_nf =  mod(nf + floor(Nf/2)+ f_shift, Nf)
	f_shift: cell specific frequency resource shift parameter

f(nf)=sum(floor(nf/Nt^z)), z=1,…,i

subject to: Nt^i<Nf


For example, when Nt = 3 and Nf = 12, the hopping result is shown in Fig. 2 with the assumption that f_shift is 0. It can be seen that the half duplex problem cannot be solved thoroughly as resources marked by YELLOW is a group of resources that cannot be scattered in time.
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Figure 2 A hopping example based on the hopping rule in Table 2
Based on the above analysis, we have the following observation.

Observation 1: hopping rules based on Pattern A cannot solve the half-duplex problem thoroughly.
3. Discovery Performance Evaluation
In order to study the performance of hopping patterns, numerical performances are studied based on system-level simulations as well as statistics. More specifically, two criterions are considered for evaluating the hopping patterns. 
Criterion 1: 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. 

Criterion 2: Number of UEs discovered as a function of time. This is a metric used in system level simulation.

We choose Pattern A and Pattern E (or hopping patterns derived from these two typical hopping rules) as typical hopping rules to demonstrate this issue. Pattern E is shown in Table 3.
Table 3 A recommended hopping pattern (Pattern E)

	Time-hopping
	Frequency-hopping
	comments

	next_nt =mod (nf + nt*Nf + p, Nt)
	next_nf = mod((floor((nf + nt*Nf+p)/Nt) ,Nf)
	p can change every period, , i.e., corresponding to the period index


a) Numerical statistics according to Criterion 1
Criterion 1 is recommended as an additional evaluation metric to evaluate the performance of hopping rules. For example, when Nt = 3, Nf = 9, the total number of resource pairs is 351, the statistic of counted times of each discovery pairs occur on the same subframe is shown in Fig.3 (a). Y-axis is the number of counts when discovery pairs occur on the same subframe. X-axis is the index of resource pair, and the statistics is collected over three discovery periods based on Pattern A. Fig.3 (b) shows the total numbers of resource pairs occurring on the same subframe over 1,2 and 3 discovery periods, respectively. 
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(a)                                                                                       (b)

Figure 3 Statistics of discovery pairs occurring in the same subframe over 3 discovery periods, Pattern A.
More results are shown in Fig. 4, with the comparison of Pattern A and Pattern E. The discovery resource pool size is 22*8, 22*11, 22*22 and 22*32 respectively; wherein the 22*8 means that the frequency and time resource numbers in discovery resource pool is 22 and 8. And the statistics are collected over 30 discovery periods.
[image: image5.emf]0 5 10 15 20 25 30

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Times of resource pairs occur on same sub-frame

Number of discovery resourse pairs

 

 

pattern E

pattern A

[image: image6.emf]0 5 10 15 20 25 30

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

x 10

4

Times of resource pairs occur on same sub-frame

Number of discovery resourse pairs

 

 

pattern E

pattern A


(a): 22*8  

                                                                         (b): 22*11
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(a): 22*22  

                                                                         (b): 22*32

Figure 4 Statistics of discovery pairs occurring in the same subframe over 32 discovery periods

It can be seen that Pattern E outperforms Pattern A as more discovery resource pairs are blocked with Pattern A, i.e. the times of discovery resource pairs occur on the same sub-frame are higher. 

A more direct metric is to compare the performance based on Criterion 1: to observe the convergence rate of discovery as a function of periods. The results are shown in Fig. 5. The convergence rate of Pattern E is faster.
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(a): 22*8  

                                                                         (b): 22*11
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(a): 22*22  

                                                                         (b): 22*32

Figure 5 Statistics based on the metric of convergence rate of discovery as a function of periods
b) System-level performance with Criterion 2
System level performance comparison of Pattern A and Pattern E are shown in  Fig. 6, with 22*8, 22*11, 22*22 and 22*32 discovery resource pool size respectively. The discovery resource size is 2 RBs and there is no repetition within each discovery period. Other parameters and assumptions can be found in the table in Appendix.
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(a): 22*8  

                                                                         (b): 22*11
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(a): 22*22  

                                                                         (b): 22*32

Figure 6 Discovery performances comparison of Pattern A and Pattern E 
It can be seen that in most scenarios, Pattern E shows better performance; while Pattern A outperforms Pattern E when Nt = Nf. This may because the performance degradation caused by in-band emission can’t be diversified perfectly when Nt = Nf for Pattern E. The system level evaluation results are aligned with that of statistics shown in Fig. 4 and Fig. 5.
Based on the above numerical studies, it is observed that

Observation 2: Pattern A outperforms Pattern E when Nt = Nf; while Pattern E shows better performance in other cases considering both Criterion 1 and Criterion 2.
4. Hopping Rules for Inter-cell Discovery

In synchronous network deployments, aligning the discovery resource pools of neighboring cells would simplify the receiver processing for discovery. On the other hand, however, the alignment of discovery resource pools between neighboring cells would lead to persistent half-duplex problem if the same hopping rule is used in different cells. In another word, if UEs in different cells choose the same discovery resource, they would never find each other as they always subject to same hopping.
Cell-specific hopping is a straightforward way to address this problem. That is to introduce a cell-specific parameter to the hopping rules. In fact, this aspect has been considered by several recommended hopping patterns. For instance, Pattern J shown in Table 2. Another recommended cell-specific hopping pattern derived from Pattern A is Pattern I, which is shown in Table 4.
Table 4 A recommended hopping pattern (Pattern I)

	Time-hopping
	Frequency-hopping
	comments

	 next_nt = mod(nt + nf+ t_shiftt, Nt)
	next_nf =  mod (nf + floor(Nf/2)+ f_shift, Nf)
	f_shift = mod(NIDcell,Nf)  and 

t_shift = mod(NIDcell,Nt)  , 

where NIDcell is the physical cell ID of the serving cell.


System-level simulation is carried out to observe the discovery performance when considering the cell-specific hopping. Three hopping rules are evaluated here: the first one is Pattern E, which is used as a reference; another is derived from Pattern E, which is a modified version by introducing the cell ID in the hopping rule, and it is marked as Revised Pattern E; the third one is Pattern I. The results are shown in Fig. 7, and the resource pool sizes are same as that of Fig. 6.
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(a): 22*8  

                                                                         (b): 22*11
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 (a): 22*22  

                                                                         (b): 22*32

Figure 7 Discovery performances comparison considering cell-specific hopping 
It can be seen that both Pattern I and Revised Pattern E outperforms Pattern E.
According to the numerical performance studied above, we have the following observations.
Observation 3: if single resource pool configuration is supported for synchronous network deployment, cell-specific parameters should be introduced to type 2B hopping pattern.
5. UE-specific Resource Allocation for Transmitter 
From the agreement in RAN1#77 that a resource hopping mechanism following the resource allocation by eNB can be applied, it is unclear e.g., how to carry out UE-specific resource allocation with hopping. Further discussions and conclusions may be needed.

One example is shown in Fig.8. Assuming that discovery resource pool semi-statically configured by eNB is started from the leftmost period in Fig.8, then it should be clarified on which period the UE-specific resource is indicate, as the resource index indicated by eNB may be varied due to hopping and thus ambiguity could be avoided. For example, eNB may always allocate discovery resource according to resource index in the first period, the actual resource the transmitting UE used in the subsequent periods can be derived from the period index and hopping pattern. Alternatively, eNB can also allocate UE-specific discovery resource according to the resource index in which it will be validated, but an activation mechanism may be needed in this circumstance. 
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Figure 8 An example of resource allocation for discovery type 2B

Observation 4: the validation of UE-specific resource allocation for type 2B discovery should be clarified.
While regarding the resource allocation, eNB can either indicate the time and frequency resource index respectively, or indicate a single index which represent both time and frequency resource index.
6. Summary
In this contribution, hopping pattern and resource allocation related issues of discovery type 2B were discussed and we have the following observations.
Observation 1: hopping rules based on Pattern A can’t solve the half-duplex problem thoroughly.

Observation 2: Pattern A outperforms Pattern E when Nt = Nf; while Pattern E shows better performance in other cases considering both Criterion 1 and Criterion 2.

Observation 3: if single resource pool configuration is supported for synchronous network deployment, cell-specific parameters should be introduced to type 2B hopping pattern.

Observation 4: the validation of UE-specific resource allocation for type 2B discovery should be clarified.

Based on these discussions and observations, we propose:

Proposal 1: resource hopping rule based on Pattern E should be considered for type 2B discovery hopping.

· Pattern E can be used as hopping pattern.

· Revised Pattern E (with cell ID introduced in the hopping rule of Pattern E) could be considered as hopping pattern if cell-specific hopping is needed.
Proposal 2: to clarify that UE-specific resource index indicated by eNB is the resource in the first discovery period. 
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Appendix: Simulation assumptions

	Parameter
	Assumption

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

	Channel model
	According to TR 36.843 v0.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.1.0

	Discovery Bandwidth
	44RBs

	Discovery subframes number in one period
	8/11/22/32

	Discovery message size
	192 bits

	Resource allocation
	Random allocation within each period as baseline

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

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3km/h

	Discovery Type 
	Type 2B Discovery

	Discovery resource size
	2RBs
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