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1
Introduction

In this contribution we discuss resource allocation for Type 2B discovery. The contribution is organized as follows.

· Section 2 discusses allocation of resources for Type 2B discovery.
· Section 3 discusses transmission timing for Type 2B discovery.
· Section 4 presents some simulation results

· Section 5 concludes the contribution.
2
Resource Allocation for Type 2B Discovery
For Type 2B discovery, resources used by a UE for transmission of discovery are allocated in a semi-persistent manner by an eNodeB [1]. We propose that the uplink sub-frames with resources reserved for discovery should be mostly contiguous. The contiguous allocation helps reduce power consumption of discovery because it reduces the overhead of wakeup power. This is illustrated with an example in Figure 1 below where 69 contiguous uplink sub-frames have resources reserved for discovery every 10 seconds.

 

Figure 1: Example resource configuration 
Observation 1: Resources used for Type 2B discovery should be allocated in a mostly contiguous manner in time to reduce power consumption of UEs engaged in discovery. 

If a resource is allocated for Type 2B discovery in a cell, it should not be allocated in another cell in local vicinity. This will impact the performance of discovery. One simple way to ensure this is to statically divide the resources among cells. These resources can be reused after some spatial separation. An example of such resource allocation is resources are divided into three equal parts and is used by a cell (sector) of a macro in a reuse 3 manner. This is illustrated in Figure 2 below. Sectors with the same colour use the same set of resources for Type 2B discovery.
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Figure 2: Resource reuse pattern for Type 2B
Observation 2: Resources used for Type 2B discovery can be statically divided among cells and be spatially reused.
During RAN1#76bis the following agreement was achieved with respect to Type 2B discovery.

· Mechanisms for Type-2B discovery

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

· FFS details of resource hopping mechanism 

Such hopping is needed due to in-band emissions and half duplex constraints. As a result the hopping pattern should be designed such that the number of times two discovery resources occur on the same sub-frame is minimized. This minimizes the half duplex issue and significantly reduces the near far problem.

More particularly we propose the following hopping pattern. Let there be N discovery sub-frames associated with a cell (sector) every discovery period. To start off with we assume that N is either a prime number or a power of a prime number. Let there be M discovery resources in each discovery sub-frame. Let t denote the tth discovery period. Further we denote a discovery resource one the tth discover period by (m(t),n(t)) where n(t) (0≤n(t)<N) denotes the discovery sub-frame of the resource and m(t) (0≤m(t)<M) denotes the discovery resource within a sub-frame. Then

m(t) = (m(0) + 3*t) mod M, and

           n(t) = [ floor (m(0) / N)   t   t ]   [mod(m(0),N)   t ]  n                  (1)
Here  and  are defined to be multiplication and addition, respectively, on the Galois field generated by p where pa=N, i.e., GF(pa). The integer t is mapped to an element of GF(pa) using a one-to-one mapping between t mod (pa) and GF(pa). Hopping in this fashion guarantees that the maximum number of time two discovery resources lie on the same sub-frame is minimized, thereby reducing the half duplex and the near far issue.

The hopping in frequency is needed to ensure that a discovery resource does not always lie on the central RB pair that affected by carrier leakage.

In practice we have found that hopping works quite well even when N is not a prime number or a power of a prime number. (In that case the Galois multiplication and addition are replaced simple addition and multiplication.)

Proposal 1: Discovery resources use the hopping pattern proposed in equation (1) for logical to physical mapping. 
3
Transmission Timing
During RAN1#76 the following agreement was achieved with respect to transmission timing of Type 2B discovery.
Working assumption: For RRC_CONNECTED UEs that transmit Type 2B discovery:

· If RRC_IDLE UEs are not able to transmit Type 2B discovery, the value of T2 is FFS between: 

· T2 = TA for FDD and T2 = 624Ts +TA for TDD.

· T2 = 0 for FDD and T2 = 624Ts for TDD.

· If RRC_IDLE UEs are able to transmit Type 2B discovery, the value of T2 is T2 = 0 for FDD and T2 = 624Ts for TDD.
Note that RAN2 has already agreed that (as a baseline) only RRC_CONNECTED UEs can transmit Type 2B discovery signals.

In our opinion both options should be allowed. If Type 1 discovery and Type 2B discovery resources are frequency multiplexed then as discussed in [2] it is better to set “T2 = 0 for FDD and T2 = 624Ts for TDD”. If Type 2B resources are not frequency division multiplexed then set “T2 = TA for FDD and T2 = 624Ts +TA for TDD” is better because the impact to WAN will be minimized.

The transmission timing to be used by a UE can be indicated by the eNodeB to the UE when allocating the discovery resources.
Proposal 2: Both options “T2 = 0 for FDD and T2 = 624Ts for TDD” and “T2 = TA for FDD and T2 = 624Ts +TA for TDD” should be allowed for Type 2B transmission. A UE can be instructed which transmission timing to use by the eNodeB allocating it Type 2B resources. 
4
Simulation Results
We simulated our proposed scheme. For simulations a discovery message consists of 256 information bits and a discovery resource consist of 2 PRBs, 1 sub-frame. We assume that Type 2B transmission using T2 = 0 therefore the last symbol of a Type 2B discovery resource consists of a gap and the number of coded bits is 528. A total of 69 sub-frames were reserved for discovery every 10 seconds. We use a reuse of 3 with 23 sub-frames being used by a sector (cell). Within each sub-frame 44 PRBs were used for discovery transmission. For resource selection, the baseline scheme where each UE randomly selects a discovery resource every discovery period is used. Both Layout Options 1 and 3 were simulated. The details of simulation parameters used are agreed in [1]. For in-band emissions {W, X, Y, Z} were set to the worst case of {0, 0, 0, 0}.
The results are shown in Figures 3 below. The figure shows the number of UEs discovered with discovery period for both Type 1 and Type 2B discovery. 
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Figure 3: Number of UEs discovered for Layout Option 1 (left) and Option 3 (right)
5
Conclusion

In this contribution we proposed a design for Type 2B discovery. More specifically we made the following observation and proposals:
Observation 1: Resources used for Type 2B discovery should be allocated in a mostly contiguous manner in time to reduce power consumption of UEs engaged in discovery. 

Observation 2: Resources used for Type 2B discovery can be statically divided among cells and be spatially reused.
Proposal 1: Discovery resources use the hopping pattern proposed in equation (1) for logical to physical mapping. 
Proposal 2: Both options “T2 = 0 for FDD and T2 = 624Ts for TDD” and “T2 = TA for FDD and T2 = 624Ts +TA for TDD” should be allowed for Type 2B transmission. A UE can be instructed which transmission timing to use by the eNodeB allocating it Type 2B resources.
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