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1. Introduction
In this contribution we consider randomization for Type 2B discovery. Several Type 2B resource mapping systems were proposed in RAN1 #77. All of them include some kind of randomization in form of frequency and time hopping which mitigates the effect of inband emissions between different D2D UEs and between D2D and cellular data. Our resource allocation scheme for Type 2B is presented in [1, 2] where we describe mapping of TX opportunities to time and frequency resources within the length of a discovery pattern. Discovery patterns randomize interference within a pattern length but it is obvious that randomization over multiple pattern lengths is useful, and such randomization is described in this document in the form of randomization among parallel resources or patterns or combination of the two methods. We also compare the performance of our system to some other companies’ proposals taking into account the randomization aspect. From the email discussion after RAN1 #77, the following were agreed:
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. 
This document relates to the first two bullets above.
2. Randomization scenario for Discovery Type 2B
Figure 1 shows the considered logical resource space assumed for Type 2B discovery. It consists of M parallel resources per subframe and consecutive sets of N serial resources (= discovery period). A physical discovery resource, which is outside the scope of this contribution, can be e.g. 1-2 PRBs in frequency (domain of parallel resources) and one subframe in time (domain of serial resources). 


[image: image1]
Figure 1. Logical discovery resources. A Type 2B resource allocation determines in which of the logical resources within sets of N serial resources UE transmits.
The discovery pattern determines the usage of serial discovery resources as shown in Figure 2. The pattern defines the time instants (e.g. subframes) when the UE transmits the predefined discovery signal on the predefined resource(s). 
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Figure 2. Example of discovery pattern for a UE. In this example N=8 and M=4.
In order to minimize the discovery latency, it makes sense to design the discovery pattern in such that two discovery resources by different UEs are at least once not transmitted on the same sub-frame during the discovery period (= pattern length) [1]. Furthermore, in order maintain the planned properties under half-duplex constraint it makes sense to keep the time domain behavior of a single pattern unchanged from discovery period to discovery period. This means that randomization should take place either among parallel resources and/or among allocated patterns. 
Proposal #1: Time domain discovery patterns are not impacted by randomization.

 QUOTE k=,M-2. Proposal #2: Randomization is applied among parallel resources and/or among allocated discovery patterns. 
3. Randomization operating among parallel resources
Randomization of parallel resources reduces inband emissions between different D2D UEs, and between D2D and cellular data. Frequency hopping is another form of randomization and it provides not only randomization but also frequency diversity available in a multipath fading channel.

The basic mechanism for randomization between D2D and cellular data is circular shift operation. This can be illustrated as

p(nt+1,nf) = mod( p(nt,nf) + c, M), where

· (nt, nf): (time, frequency) resource indices (starting from 0) in the current discovery period, and p(0,nf)=nf.
· c is the circular shift offset (c[image: image4.png]


[…, -2, -1, 0, 1, 2, …])

· M: number of discovery resources per subframe.

An example of circular shift operation is given Figure 3. 
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Figure 3. Principle of circular shift operation, M=6, c=-1.
Frequency hopping can also be made by means of a circular shift operation. For example, selecting the circular shift offset to be as close as possible to M/2 will maximize the amount of frequency diversity between two temporal resource indices, nt and (nt+1).
Circular shift operation applied to all resources cannot minimize the mutual interference between adjacent frequency resources. For that purpose, another randomization scheme, called as permutation is needed. In the permutation operation, circular shift is applied only to certain resources while the other resources are kept unchanged. The principle is shown in Figure 4. 
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Figure 4. Principle of permutation operation, M=8, c=4 for odd values of nf.
When applying randomization for parallel resources, it should be taken into account that certain kind of interference averaging takes place already within the discovery period due to the fact that interfering UEs occupying certain resources vary from subframe to subframe. On the other hand, the number of guaranteed reception opportunities in a typical case is just one. Hence, in this scenario, it doesn’t make sense to have frequency hopping within the discovery period. Based on these arguments, we make the following proposal:

 QUOTE k=,M-2. Proposal #3: Time index for randomization is incremented after each discovery period.
Parameterization
One of the issues to be decided is the exact frequency hopping and randomization patterns. For permutation part, we propose to apply two distinct permutation patterns, called as A and B. 
· A corresponds to no permutation

· B corresponds to permutation having by offset parameter offset_p, which is selected to be an even number as close as possible to N/2.
For frequency hopping, we propose to apply four different frequency hopping realizations, and the related circular shifts values, offset_fh, are selected to be as close as possible to [0, N/2, 3N/4, N/4]. 
Combining frequency hopping and permutation into a single hopping pattern gives four separate combinations applied over four consecutive time instants (discovery periods). 
· Time instant nt:  Permutation A, no frequency hopping

· Time instant nt+1: Permutation A, frequency hopping by circular shift value selected to be as close as possible to N/2
· Time instant nt+2:  Permutation B, frequency hopping by circular shift value selected to be as close as possible to 3N/4. 
· Time instant nt+3: Permutation B, frequency hopping by circular shift value selected to be as close as possible to N/4.

An additional randomization can be applied on top of Permutation and Frequency hopping to increase the length of the pattern. This can be made by means of the second circular shift term, denoted as offset_cs incremented after every four consecutive discovery periods. The offset_cs may contain both positive and negative values and it may depend on the cell_id.
Detailed equations
The proposed pattern can be characterized by means of the following equation:
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where p(0,nf)=nf,  t counts discovery periods, offset_p defines the permutation part and 
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 defines the frequency hopping part. They can be defined in the following way:
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The circular shifting can be included in the randomization in the following way:

p_rand(t,nf) = mod(p(t,nf) + floor(t/4)*offset_cs, M),  
where offset_cs is the predefined circular shift term. Time index t can be reset (i.e. set to zero) at predetermined time instants, e.g. when a new radio frame or superframe starts.
An example below shows the randomization with eight parallel resources (M=8). In this example, offset_cs = 1.

[image: image17]
Figure 5. Randomization pattern with eight parallel resources (M=8).
4. Randomization operating among patterns

Randomization among patterns means that UEs hop from one pattern to another every pattern length. A simple example of such hopping is that after eNB has allocated a UE to use pattern 
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in the first period, UE’s patterns at later periods are:
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where Np is the number of patterns, n is the time index of a period and c denotes an optional cell-specific variable. 
Obviously numerous other hopping schemes may be designed, and more efficient randomization could be obtained than with the above variable cyclic shifting of the pattern indexes. The simulation results presented in Section 5 show that even the simple scheme without the cell-specific term is beneficial. However, enabling the extension c provides a significant performance improvement. 
5. Performance evaluation
The simulation system is according to [3] and its parameters are listed in the Appendix. There were seven sites, each site with three cells. Number of UEs per cell was 150. The pattern length was N=64 and the number of parallel resources M = 22. Network was synchronized and the discovery resource pool was common to all cells. There were 2 Tx opportunities in a pattern (k=2). Patterns were allocated randomly in the beginning of a simulation round. Combining of discovery messages was not in use.     
We compared six different randomization schemes with our pattern design:

· without any randomization  

· randomization among only parallel resources, as described in Section 3
· randomization among only patterns without cell specific variable (c=0), as described in section 4
· randomization among both parallel resources and patterns without cell specific variable (c=0)
· randomization among only patterns with the cell specific variable (c=cell_id)
· randomization among parallel resources and patterns with the cell specific variable (c=cell_id)
The results of the comparison are shown in Figure 6 and Figure 7, where we present the average number of discovered UEs as a function of the number of discovery message transmissions. While randomization among patterns provides the most significant gain, combining the methods improves the results further. We make the observation that

Observation1:  Combining of randomization among parallel resources and patterns seems beneficial especially if pattern randomization is not cell specific.
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Figure 6. Performance comparison for different randomization schemes, layout option 1.
[image: image25.png]Average number of discovered UEs

800

700

600

500

400

300

200

—— No randamization

—e— Randomization amang resources
—e— Randomizatian among patierns (c=0)

Randomization among pattens (c=0) and resources

—e- = Randomization among pattems

Randomization among patterns and resources

G 8 10 12
Number of discovery message lransmissions

14 16




Figure 7. Performance comparison for different randomization schemes, layout option 3
In Figure 8 and Figure 9 we compare the performances of our sheme and Qualcomm’s [4] and DoCoMo’s [4] resource hopping systems. In adition, for an ideal reference we studied the performance in a system where the resource allocation was repeated for each period randomly. The two Nokia curves correspond to randomization among parallel resources and among patterns without cell specific variable (c=0, worse performance) and randomization among parallel resources and among patterns with cell specific variable (c=cell_id, better performance). 

The comparison is fair in the sense that the same number of resources is provided in all the systems and the results are shown corresponding to time instants when all the UEs have used the same number of Tx opportunities. No combining over multiple messages was applied for any of the systems. For Qualcomm’s and DoCoMo’s systems, the UEs’ initial discovery resources were selected following the same principle as with our pattern selection: UE’s initial resource was selected randomly from Nt x Nf = 32 x 22 resources.   
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Figure 8. Performance comparison of D2D discovery schemes, layout option 1.
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Figure 9. Comparison of D2D discovery schemes, layout option 3.
Based on Figures 8 and 9, Nokia scheme with randomization among patterns seems to perform better than Qualcomm’s and DoCoMo’s systems and reaches close to the ideal curve when the pattern hopping is cell specific. However, we have made simulations only with one set of parameters and further studies are needed. 
6. Summary
In this contribution we have discussed randomization design for Type 2B discovery. We also compared performance of different proposals taking into account the randomization aspect. In order to move on with Discovery Type 2B we make the following proposals and an observation:
Proposal #1: Time domain discovery patterns are not impacted by randomization.

 QUOTE k=,M-2. Proposal #2: Randomization is applied among parallel resources and/or among allocated discovery patterns. 

 QUOTE k=,M-2. Proposal #3: Time index for randomization is incremented after each discovery period.

Observation #1: Combining of randomization among parallel resources and patterns seems beneficial especially if pattern randomization is not cell specific.
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Appendix: simulation assumptions
	LTE layout
	Option 1 (Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell) or Option 3 (Urban macro, 500m ISD all UEs outdoor) of Ref. [3]; 7 sites with 3 cells, synchronized network

	Carrier frequency
	2GHz

	Channel model 
	from [3]

	Inband emission model 
	from [3] with [W,X,Y,Z] = [3,6,3,3] dB

	Number of UEs for discovery
	150 per cell

	A discovery resource
	one PRB pair times one subframe

	UE RF parameters
	transmit power 23 dBm, 1 Tx and 2 Rx antenna

	Discovery period (for Qualcomm and Docomo models)
	32 subframes, one discovery signal TX per UE per period

	Pattern length (for Nokia models)
	64 subframes, two discovery signal TX per UE per pattern length.

	Resource re-use
	Common pool shared by all cells, resources from the pool are independently allocated in different cells.

	Combining of received signals
	off
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