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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 hopping for Type 2B discovery.

· Section 3 discusses transmission timing for Type 2B discovery.
· Section 4 concludes the contribution.
2
Hopping for Type 2B Discovery

Following agreements were achieved during RAN1#76bis and RAN1#77 with respect to hopping for 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 

· The time-frequency hopping pattern(s) used for type 2B discovery is/are deterministic
Furthermore during the email discussion following RAN1#77 ([77-19]) the following agreements were achieved.

· 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 sub-frame.

In the email discussion several proposals were made by companies for a hopping pattern. We can categorize such schemes into three categories of discovery hopping patterns.
· Proposals based on row and column interchange. Such proposals have been proposed by DoCoMo and ZTE. In such proposals a discovery resource hop according to the following mathematical form 

next_nt = f(nt*Nf + nf).
Here nt and nf refer to time and frequency index of a discovery resource. While Nf refers to the total number of discovery resources available in a sub-frame.  
· There were proposals that try to resolve the half duplex issue using repetition and hopping within a discovery period. Such proposals were made by Ericsson, Nokia and Samsung.
· The remaining set of proposals (including the one from Qualcomm) use the following mathematical formulation for hopping of a discovery resource
next_nt = f(nt + nf).
We evaluated the performance of first and third categories for the no repetition case using the following metric.
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.
Here, different UEs transmit on different resources. The results are shown in Figure 1 where the CDF of probability that two resources occur on the same sub-frame is plotted. In the evaluation we fixed Nf = 22 (corresponding to a 10MHz system where a discovery resource consists of 2 PRB) and varied the number of sub-frames Nt= 4, 10, 22, 64 reserved for discovery within a discovery period.
Note that for ZTE hopping the parameter ‘p’ represents the number of discovery period. Tracking discovery period is challenging from an implementation perspective. Therefore we simulated a modified ZTE scheme where p increments every discovery period but after reaching a maximum value of 9 is reset to 0.
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                                    (a) Nt = 4                                                                              (b) Nt = 10
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                                (c) Nt = 22                                                                              (d) Nt = 64
Figure 1 Type 2B Hopping Performance
We make several observations based on these plots. We first observe that as Nt increases the probability of that two resources occur on the same sub-frames reduces in general. We observe that the modified ZTE scheme has the best performance overall. Focussing on the tail behaviour we find that beyond the modified ZTE scheme, overall the scheme proposed by DoCoMo has the best tail behaviour among the remaining schemes. The gain of modified ZTE and DoCoMo schemes is more visible for smaller values of Nt. One exception is when Nt = Nf = 22, where the DoCoMo scheme has the worst case tail behaviour and modified ZTE scheme has somewhat worse performance. This is because the DoCoMo scheme degrades into a transpose scheme and for this case. Similarly ZTE scheme is a modified version of the DoCoMo scheme and some impact is expected when Nt = Nf.
Observation 1: Among the proposed schemes, schemes proposed by DoCoMo and ZTE (modified) have good performance in terms of probability that two resources occur on the same sub-frame. This is especially true for small values of Nt.
We also performed system simulation of the proposed schemes. For simulations a discovery message consists of 256 information bits and a discovery resource consists of 2 PRBs, 1 sub-frame. We studied two case, one, where a resource pool associated with a cell (sector) consisted of a small number of sub-frames Nt = 4, and another where the resource pool associated with a cell consisted of a consisted of a large number of sub-frames with Nt = 28 per cell. To reduce inter-cell interference the resource pools themselves were reused across cells with a reuse factor of 3. This is illustrated in Figure 2 below where cells with same colour use the same resource pool. As a result a total of 12 and 84 sub-frames were reserved for discovery. The discovery period was 10 seconds. For Nt = 4 and Nt = 28 there were 20 and 150 UEs per cell that were participating in discovery respectively. Within each sub-frame 44 PRBs were used for discovery transmission. Layout Options 1 was 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}. There was no repetition of discovery transmission within a discovery period. The results are shown in Figure 3.
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Figure 2: Sector based reuse of discovery resource pool
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(a) Nt = 4                                                                               (b) Nt = 28
Figure 3 System level performance of Type 2B hopping 
Figure 3 shows the results of schemes proposed by Qualcomm, ZTE (modified) and DoCoMo. It shows that typically DoCoMo and ZTE (modified) scheme have better performance. However the gap in performance is very slight for Nt = 28. Even for Nt = 4 case the gap in performance is around 5% after 40 discovery periods. This is expected since UEs that are using resources with high probability of collision may not be proximal. Furthermore, especially for large values of Nt, the schemes differ mostly in tail behaviour and such differences are unlikely to show up at system level.
We also simulated the case where discovery transmission is repeated twice within a discovery period. The repetition transmissions are contiguous in time with respect to the original transmission. (Our companion contribution [3] shows that the most beneficial way to perform repetition is to use contiguous repetition.) At the receiver both joint and separate decoding were simulated. The results are shown in Figure 4. Again, for Nt = 28 all schemes (i.e., ZTE (modified), DoCoMo, and Qualcomm) have similar performance. We also simulated the scheme proposed by Ericsson for the case where repetition tries to minimize the half duplex probability between any two resources within a discovery period. We note that even with joint decoding this scheme performs significantly worse.  This is because the scheme does not try to minimize the half duplex probability across discovery periods.
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Figure 4: System level performance of Type 2B hopping with repetition
Observation 2: From a system performance perspective all schemes have similar performance, especially for larger values of Nt.  
Observation 3: Schemes that try to resolve half duplex issue using repetition within a discovery period do not have a good performance.
Based on these observation we make the following proposal. 
Proposal 1: Either ZTE (modified) and DoCoMo schemes be used for Type 2B hopping.
Further, we note that all the proposed schemes use a notion of Nt and Nf thus requiring a notion of transmit pool defined by such parameters.
Proposal 2: A transmit pool should be defined for Type 2B discovery.

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 view, 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 use DL timing for both. If Type 2B resources are not frequency division multiplexed then UL timing is better to avoid ICI with WAN UL transmissions.  However, if DL timing is used for Type 2B discovery, then it enables RRC_IDLE UEs to receive Type 2B discovery signals.

The transmission timing to be used by a UE can be indicated by the eNodeB to the UE when allocating the discovery resources.
Proposal 3: Type 2B transmission timing can be configurable between UL and DL timing. 
4
Conclusion

In this contribution we discussed various issues related to Type 2B discovery. More specifically we made the following observations and proposals:
Observation 1: Among the proposed schemes, schemes proposed by DoCoMo and ZTE (modified) have good performance in terms of probability that two resources occur on the same sub-frame. This is especially true for small values of Nt.
Observation 2: From a system performance perspective all schemes have similar performance, especially for larger values of Nt. 

Observation 3: Schemes that try to resolve half duplex issue using repetition within a discovery period do not have good performance.

Proposal 1: Either ZTE (modified) and DoCoMo schemes be used for Type 2B hopping.

Proposal 2: A transmit pool is defined for Type 2B discovery.

Proposal 3: Type 2B transmission timing can be configurable between UL and DL timing. 
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