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1 Introduction
In the last RAN1 meeting, the following agreement on type 2B discovery was achieved [1]:
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

In this paper we will give our views on resource allocation mechanism for type 2B discovery.
2 Resource pool configuration
In the last RAN1 meeting it has been agreed that common SA reception resource pool(s) is configured for Mode 1 and Mode 2. 
Agreements:
· Semi-static pool(s) of resources can be allocated for SA

· eNodeB may broadcast the information about the SA resource pool using SIB for D2D UE

· Transmission pool for Mode 2 

· Reception pool(s) for Mode 1 and Mode 2 
In other words the receiving UE has no need to distinguish the resource allocation mode of SA. Similarly, the discoverer UE is also not necessary to know the discovery type of the discoveree UE. Therefore, in spirit of SA reception pool configuration common discovery reception pool(s) shall be configured for type 1 and type 2B discovery.
It should be noted that in SI phase there is an undecided working assumption regarding transmission timing of type 2B discovery [2]:

Working Assumption:

· For Type 2B discovery

· If RRC_Idle UEs are not able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is FFS between: 
· TA for FDD / 624Ts +TA for TDD: 

· T2 = 0 for FDD, T2 = 624Ts for TDD: 
· If RRC_Idle UEs are able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is:

· T2 = 0 for FDD, T2 = 624Ts for TDD

If common reception pool is configured for type 1 and type 2B discovery, the transmission timing of type 1 and type 2B should also align. So we propose to confirm that the value of T2 for type 2B discovery transmission should be T2 = 0 and 624Ts for FDD and TDD respectively in all cases.
Proposal 1: 

· Common discovery reception pool(s) shall be configured for type 1 and type 2B discovery.

· To confirm that for type 2B discovery transmission the value of T2 is: T2 = 0 for FDD, T2 = 624Ts for TDD

3 Resource hopping mechanism
3.1 Design target of resource hopping scheme
For type 2B discovery, the resource block (RB) for a certain UE is semi-statically configured by eNB. It is expected that type 2 discovery manner can provide contention-free discovery resources so as to achieve low latency discovery among UEs. Because of the half-duplex constraint, UEs transmitting discovery message in the same subframe will not discover each other. So it is desirable to design the resource hoping pattern to overcome the half-duplex constraint.

 As what has been investigated in SI phase, D2D discovery will interrupt PUSCH transmission in WAN. Additionally, D2D discovery signal may introduce interference to PUCCH transmission in WAN because of in-band emission. So it is better to set the discovery period relatively long to mitigate the impact to WAN. From D2D UE point of view, a relatively long discovery period is beneficial to reduce the power consumption of the UEs participating in discovery. So the design of the resource hopping mechanism should aim at eliminating the half duplex constraint completely within one discovery period, i.e. any couple of UEs participating in type 2B discovery should have at least one chance to discover each other. Meanwhile, it is desirable if the time needed to reach the above target is minimized. 
Proposal 2: 

· The resource hopping mechanism should be designed to eliminate half duplex constraint completely within one discovery period with minimum time.
3.2 Hopping scheme within one discovery period
Let M RBs in one subframe are reserved for type 2B discovery, assuming one discovery message occupies one RB in one subframe, and then there may be at most M UEs transmitting discovery messages in one subframe. The resource hopping pattern should firstly be designed to minimize the time needed to implement the mutual discovery among these M UEs. This requires that the discovery message transmission resources for these UEs can be separated into different subframes within minimal time. Just as what is shown in Figure 1, where the numbers refer to the resources for different UEs, M UEs transmit discovery message in subframe i. If according to some resource hopping pattern, resources for x UEs are allocated in subframe i+1 and resources for y UEs in subframe i+2. Then after one time of resource hoping, each UE in subframe i+1/ i+2 can discover y / x UEs in subframe i+2/ i+1 (the assumption is each UE can detect all discovery messages successfully) and x × y times of discovery can be achieved. 
Note that:

x × y = x × (M- x) =- x 2+ x (M

Assuming M is integer multiple of 2, then the value of x × y can be maximized when x =y=M/2. 
Based on the analysis above we can see that the resource hopping pattern will impact the discovery among UEs. If the UEs transmitting discovery message in the same subframe can be separated equally into different subframes (x =y) following a resource hoping pattern, then the number of discovery implemented among the UEs can be maximized.
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Figure 1 Illustration of resource hopping
The resource hopping pattern based on equal separation principle can also be applied to both subframe i+1, i+2 and other following subframes, until any couple of M UEs have at least one chance to transmit discovery message in different subframes. It can be deduced that if M is integer power of two, after log2(M) times of resource hoping (occupying 2×log2 (M)+2 subframes, we name them as a hopping cycle) the mutual discovery between any couple of UEs can be guaranteed. One example with M=4 and cluster size equal to 8 is illustrated in Figure 2. From the example we can find that after 6 subframes, any two UEs can have at least one chance to discover each other. 
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Figure 2 Resource hopping example with M=4
In general, if the current resource used by a UE for discovery message transmission is (i, j), where i and j are the resource index in frequency and time domain respectively,  and M is integer power of two , then the resource index for the next transmission can be derived by:
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                                                                 (1),
Where m and n are the frequency and time domain index of the next resource respectively, and 0≤i,m ≤M-1, 0≤j, n ≤2× log2 (M)+1.
More generally, for any integer of M the formula can be expressed as:
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So if the size of the resources reserved for type 2B discovery is M in frequency dimension, then the size of the resources in time dimension should be 2× 
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Proposal 3: 

· If the size of the resources reserved for type 2B discovery is M in frequency dimension, then the resource size in time dimension should be 2× 
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3.3 Inter discovery period operation
From the example given in Figure 2 we can observe that after a hopping cycle the resource allocation pattern will turn back to the initial transmission if the resource hopping operation given by formula (2) is further applied, as illustrated in Figure 3. In another word the resource allocation pattern will go in a periodical mode if resource hopping scheme given in formula (2) is always used.  In addition, from the example we can observe that UE 3 and UE 4 always transmit discovery messages in different subframes; however UE 0 and UE 1 only transmit discovery messages in separate subframes in the first hopping. That means the numbers of discovery chances between different couples of UEs are not even. 
To resolve the issue, eNB can re-allocate resources for each UE within the cluster at the beginning of every discovery period. In this way eNB can intentionally give the UEs that may interest to each other (such as public safety UEs) more mutual discovery chances in one hopping cycle; or to make the number of discovery chances between any couples of UEs approximate. Although the solution needs eNB signalling, considering that the discovery period is relatively long, the signalling overhead introduced is not significant.
The issue can also be resolved simply by discovery resource cyclic shifting at the beginning of every discovery period. As shown in Figure 4, in the initial transmission of each discovery period the resource for one UE will cyclically shift back one resource unit. After that the resource allocation pattern will be reset and the discovery chance for any couple of UEs within the cluster will approximate.
Proposal 4: 

· Resource re-allocation by eNB or resource cyclic shifting at the beginning of every discovery period can be considered for inter discovery period operation.
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Figure 3 periodicity of resource allocation pattern
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Figure 4 Resource cyclic shifting

4 Conclusions

We provide our views on resource allocation for type 2B discovery, we have the following proposals:
Proposal 1: 

· Common discovery reception pool(s) shall be configured for type 1 and type 2B discovery.

· To confirm that for type 2B discovery transmission the value of T2 is: T2 = 0 for FDD, T2 = 624Ts for TDD

Proposal 2: 

· The resource hopping mechanism should be designed to eliminate half duplex constraint completely within one discovery period with minimum time.

Proposal 3: 

· If the size of the resources reserved for type 2B discovery is M in frequency dimension, then the resource size in time dimension should be 2× 
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Proposal 4: 

· Resource re-allocation by eNB or resource cyclic shifting at the beginning of every discovery period can be considered for inter discovery period operation.
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