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1. Introduction
In RAN1 #76bis meeting, resource allocation for discovery Type 2B was further discussed, with the following agreements [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 contribution, resource allocation for D2D discovery will be further discussed, with the focus on type 2B discovery.
2. Allocation of resource pool
To accommodate discovery signal reception especially for RRC_IDLE UEs, it is recommended that eNB may provide a radio resource pool for discovery reception [2], and the resource pool for discovery type 2B and type 1 can either be common or separated. Actually, nevertheless, the implementations of type 2B and type 1 seem rather different, which may cause impact on resource pool allocation.

First of all, discovery resource usage strategy for type 2B is different from that of type 1. For type 1, transmitting resource will be randomly selected from the discovery resource pool; while for type 2B, a resource hopping mechanism following the resource allocation by eNB can be applied. In other words, for discovery type 1, specific UE’s discovery resource may be randomly distributed among discovery periods and potential collisions between discovery signals may be inevitable. On the other hand, there will be a hopping pattern applied between discovery periods for type 2B and discovery resource will be allocated by eNB on UE-specific bases, which can help to avoid the resource collision. From this perspective, discovery reception pool of type 2B and type 1 should be separated to fulfill the potential benefit of type 2B. 
In addition, timing assumptions are different for discovery type 2B and type 1. For type 1, both transmitter and receiver will assume the discovery timing to be T2=0 (or T2=624Ts for TDD). For discovery type 2B, RRC_CONNECTED UEs have to transmit discovery signal with timing assumption of T2=TA (or T2=624Ts+TA for TDD). From this aspect, it may not be a good idea to let type 2B and type 1 share a common resource pool. 
Based on the above discussions, we have the following proposal.
Proposal 1: a separate discovery resource pool should be allocated for type 2B discovery. 
Similar to discovery type 1, it is beneficial for type 2B discovery resources to be concentrated in time to reduce the power consumption at the receiver. By definition, discovery signal of type 2B should be transmitted semi-statically, which means transmission of discovery signals of type 2B is similar to that of type 1 from system perspective. As a consequence, sharing similar mechanisms to allocate resource pool with type 1 seems feasible, and single solution could minimize the specification workload. In other words, resource pool for type 2B can be periodically allocated in a semi-static manner as well, and resource within one period could be TDM and/or FDM into equal sized time-frequency resource blocks.
Proposal 2: single mechanism can be used for resource pool allocation of type 2B and type 1. 
3. UE-specific resource allocation for transmitter
One of the main advantages of type 2B discovery is that UE-specific resource allocation for transmitting UE can be used to reduce the discovery signal collision. Resource hopping helps to solve the half-duplex problem and randomize the interference caused by near-far effect. However, 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.1. Assuming that discovery resource pool is semi-statically configured in leftmost subframe inFig.1, the discovery resource may be activated from the fourth period. Then it should be clarified on how to allocate the UE-specific resource and apply the hopping pattern to avoid ambiguity. 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 could 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, i.e. eNB determines the resource index to be allocated in fourth period directly and indicate it to the transmitting UE.
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Figure 1 An example of resource allocation for discovery type 2B
Proposal 3: resource allocation in agreements “a resource hopping mechanism following the resource allocation by eNB can be applied” should be further clarified.
4. Hopping rules
As discussed earlier, major motivation of hopping for discovery type 2B is to overcome the half-duplex issue in discovery, and randomize interference caused by near-far effect. From these perspectives, major metric to evaluate resource hopping rule is the convergence rate of discovery as a function of periods. Two simple hopping rules have been recommended for D2D discovery type 2B. Here a preliminary evaluation is carried out. Candidates of hopping rules are listed as following.
Rule-1[3]: 
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Rule-2 [4]:
next_nf =  (nf + floor(Nf/2) ) modulo Nf, next_nt = (nt + nf) modulo Nt 
Rule-3 [5]:
· By changing the order from the frequency domain to the time domain in each period
It is noted that Rule-1 and Rule-2 share same hopping principle. They only differ in the constant value which is used to determine the frequency resource index. The results are shown in Fig.2 and Fig.3, with different resource pool size (Note: 44*4 means the discovery resource pool size in one period is 44 PRBs and 4 subframes).
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Figure 2 Evaluation results with 44 discovery resource in frequency
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Figure 3 Evaluation results with 20 discovery resource in frequency

It is observed that as the size of resource pool increases, performance difference among different hopping rules diminishes, i.e., all of them can cope with the half-duplex issue. Also we find that hopping Rule-3 consistently shows better performance, regardless the size of resource pool.
Proposal 4: for Type 2B discovery, resource hopping Rule-3 should be considered as working assumption.

5. Summary
In this contribution, resource allocation related issues of discovery type 2B were discussed and we have the following proposals.
Proposal 1: a separate discovery resource pool should be allocated for type 2B discovery. 
Proposal 2: single mechanism can be used for resource pool allocation of type 2B and type 1. 
Proposal 3: resource allocation in agreements “a resource hopping mechanism following the resource allocation by eNB can be applied” should be further clarified.

Proposal 4: for Type 2B discovery, resource hopping Rule-3 should be considered as working assumption.
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