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1 Introduction

At the RAN #63 meeting, the study item (SI) on D2D Proximity Services was closed and the work item (WI) for the same was approved. At the RAN1 #76 meeting, the following agreement was made regarding resource allocation scheme for type 1 discovery [1]:
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource

· When in-coverage, discovery period and amount of discovery resource(s) are configured by eNodeB

· Other schemes can be considered later

In addition, the following working assumptions were made for type 1 discovery [1]:
· Further to the baseline agreed above, the following FFS options can be further studied (including number of discovered devices and latency) for a UE’s transmission on a discovery resource (or on a set of resources if repetition is supported):

· Option 1: based on Tx UE transmission period and offset

· Option 2: based on a fixed or adaptive transmission probability derived from a preconfigured/configured nominal transmission probability

· Others

· A discovery resource has a duration of not less than 1ms (FFS if it can be >1ms if required by the final decision on MAC PDU size, in which case it would be a multiple of 1ms and consist of consecutive D2D subframes) and is used for a single transmission of a given discovery MAC PDU by a UE

· TDD special subframe is FFS

· Repetition (either contiguous or non-contiguous) of transmission of a given discovery MAC PDU by a UE within a discovery period is FFS; if supported:

· FFS between:

· The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 

· The UE performs random selection for each resource in the set of resources. 

· The maximum number of repeated transmissions is FFS

In this contribution, assuming the agreed baseline mechanism of random discovery resource selection from the Type 1 discovery resource pool, we present our views including further analysis of interference control mechanisms for Type 1 discovery. Detailed studies on the discovery resource size and use of repetition are presented in our companion contribution [2].
2 Interference control mechanisms for Type 1 discovery
In addition to the RAN1 agreements and working assumptions quoted in Section 1, RAN2 WG achieved agreement on the following behaviour for Type 1 discovery resource allocation:

· The eNodeB may provide in SIB:

· A radio resource pool for discovery transmission and reception in case of Type 1.

Consequently, based on the latest agreements and working assumptions, the overall Type 1 discovery procedure can be simply described as:
· eNB configures D2D UEs with a Type 1 discovery resource pool for transmission and reception, and this is expected to comprise of a set of individual discovery resources and a certain periodicity for the resource pool;
· The above resource pool configuration is indicated via SIB signaling;
· Each D2D UE (in RRC_IDLE or RRC_CONNECTED states), participating in Type 1 discovery and intending to transmit discovery resources, randomly selects a discovery resource within a Type 1 discovery period for transmission of its discovery signal;
· All UEs participating in Type 1 discovery monitor discovery resources within the Type 1 discovery resource pool (and additionally the Type 2B discovery resource pool) subject to half-duplex constraint.
For a contention-based approach as described above, for efficient operation at the system-level, it is important that either the size of the discovery resource pool is appropriately configured considering the overall loading of the system or the loading of the system is controlled appropriately via application of distributed probabilistic transmissions or backing-off mechanisms. 
Clearly, if the loading of the Type 1 discovery resource pool is high, the size of the resource pool can be increased to cope with the loading condition to minimize collisions. However, this implies a direct impact on WAN performance. Additionally, it should be noted that, following the RAN Plenary decision to not support any standardized inter-cell coordination, it would be beneficial for eNBs to coordinate resource pool allocations on a long-term basis (that may be facilitated by the OAM). Thus, in terms of proactive or retroactive resource management, it may not be beneficial to change the resource pool size in response to changes in the demands or loading in specific cells or groups of few cells by eNBs in a distributed manner as this can lead to undesirable inter-cell interference between D2D discovery and WAN transmissions. 
This calls for distributed interference control mechanisms that can manage the effective loading of the Type 1 discovery resource pool and can also be configured in a distributed manner by serving eNBs without causing undesirable interference to neighboring cells’ WAN operations. Two such mechanisms were identified and agreed as working assumption for further study as quoted in Section 1. 

It should be noted that while a coordination of the configuration of these interference control mechanisms is necessary to realize the maximal benefits, compared to the option of only relying on Type 1 resource pool size reconfiguration to match the loading condition, these mechanisms offer the option of graceful degradation from the optimal configuration without causing additional impact to WAN operations due to lack of standardized inter-cell coordination. 
Observation 1: Distributed interference control mechanisms are necessary to enable efficient Type 1 discovery.
3 System-level Simulation Results

In this section, we present system-level simulation results following the agreed evaluation methodology to compare the discovery performance in terms of number of discovered UEs against time without and with the application of different distributed interference control mechanisms. Towards this, we compare the following approaches:

1. No interference control: In each discovery period each D2D UE transmits discovery signal once with probability 1.
2. UE grouping: Interference control via discovery signal transmission based on Tx UE transmission period and offset (from Option 1 RAN1 #76 [1]). In the current evaluations, 2 groups are considered.
3. Fixed probabilistic transmission: Interference control via discovery signal transmission based on fixed transmission probability derived from a preconfigured/configured nominal transmission probability (from Option 2, RAN1 #76 [1]). In the current evaluations, a nominal transmission probability of 50% is considered. 
4. Adaptive probabilistic transmission: Interference control via discovery signal transmission based on adaptive transmission probability derived from a preconfigured/configured nominal transmission probability (from Option 2, RAN1 #76 [1]). In the current evaluations, a nominal transmission probability of 50% is considered. Further, if a device transmitted in the previous discovery period, it decreases its transmission probability by 0.4. On the other hand, if the device did not transmit during the previous discovery period, it increases the transmission probability by 0.1. The resulting effective silencing probability for each UE in each discovery period is upper and lower bounded by 0.9 and 0.1 respectively.
Considering the relative performance of difference discovery resources size and mapping options [2], including the use of repeated transmissions within a discovery period, we evaluate the above approaches for the following choices of discovery resource sizes and mappings:

A. Discovery resource size of 4 PRB-pairs (“4x1” mapping) and two repeated transmissions with deterministic intra-discovery period hopping: This corresponds to the first repetition option amongst the FFS options for repeated transmissions as per the working assumption from RAN1 #76.
B. Discovery resource size of 4 PRB-pairs (“2x2” mapping): This can either be realized by a single discovery resource occupying 2 PRBs in frequency and 2 subframes in time, or, if deterministic repetition within the discovery period is allowed, via TTI bundling of two 2 PRB-pairs with 2x1 mapping.

C. Discovery resource size of 2 PRB-pairs (“2x1” mapping) and two repeated transmissions with deterministic intra-discovery period hopping: This corresponds to the first repetition option amongst the FFS options for repeated transmissions as per the working assumption from RAN1 #76.
Given that the evaluations are performed for the RAN1 WG-agreed mandatory within network coverage deployment scenario (General scenario, Option 1) with indoor-outdoor mix of users, for fair comparison of the interference control mechanisms, the discovery resource sizes were selected to ensure that a majority of D2D direct discovery links are not link-budget limited.

The discovery procedure is evaluated for the RAN1 WG-agreed within network coverage scenario: General scenario (Option 1) with 500m ISD and one indoor hotzone per macro-cell area considering a 1-tier network (21-cell network with wrap around). User drop methodology and in-band emissions (IBE) were modeled according to latest RAN1 WG agreements. Specifically, IBE was modeled according to the model in TS 36.101 with {W,X,Y,Z}={3,6,3,3}dB.

For simulations, it is assumed that, for a 10 MHz system bandwidth, each DZ spans 44 PRBs in frequency and 30 subframes (30ms) in time. Following the latest feedback from SA2 [3], we considered a message size of 192 bits for non-public safety (non-PS) applications with a 24 bit CRC, yielding a combined packet size of 216 bits. 20 D2D discovery periods are simulated for each simulation drop.
The average number of devices discovered as a function of time (here, represented in terms of the number of discovery periods) are presented in Figures 1 through 3 corresponding to discovery resource size choices A, B, and C. 
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Figure 1. System-level simulation results for Type 1 discovery procedure with discovery resource size option A.
General Scenario (Option 1): 150 UEs per cell, 21 cells, 192+24 bits, IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB
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Figure 2. System-level simulation results for Type 1 discovery procedure with discovery resource size option B.
General Scenario (Option 1): 150 UEs per cell, 21 cells, 192+24 bits, IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB
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Figure 3. System-level simulation results for Type 1 discovery procedure with discovery resource size option C.
General Scenario (Option 1): 150 UEs per cell, 21 cells, 192+24 bits, IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB

The above results clearly demonstrate the benefits from distributed interference control mechanisms as mentioned in Observation 1. It should be noted that the results presented above consider an idealistic performance for the UE-grouping approach. Given the distributed nature by which D2D UEs select alternate discovery periods, in practice, an even balancing of the two even and odd discovery periods may not be guaranteed in dynamic systems. 

Based on the above system-level analysis, we summarize our views in the following observations:

Observation 2a: Distributed interference control mechanisms provide significant gains in terms of number of discovered UEs and latency compared to the baseline operation with no interference control mechanism. 

Observation 2b: The UE-grouping approach provides slightly better latency performance compared to fixed probabilistic transmission scheme but both yield similar long-term performance in terms of number of devices discovered.
Observation 2c: Adaptive probabilistic transmission is marginally outperformed by UE-grouping in terms of initial latency performance, but yields significantly better mid-to-long-term performance compared to all other schemes.
Consequently, we propose the following:

Proposal 1: In order to facilitate efficient usage of discovery resources, RAN1 WG should continue to study and specify appropriate distributed interference control mechanism in addition to the currently agreed baseline operation for Type 1 discovery.
4 Conclusions

In this contribution, we presented our views on consideration of distributed interference control mechanisms for Type 1 discovery in addition to the baseline operation as was identified FFS during the RAN1 #76 meeting. Based on the discussion presented, we summarize our views through the following observations and proposal:

Observation 1: Distributed interference control mechanisms are necessary to enable efficient Type 1 discovery.
Observation 2a: Distributed interference control mechanisms provide significant gains in terms of number of discovered UEs compared to the baseline operation with no interference control mechanism. 

Observation 2b: The UE-grouping approach provides slightly better latency performance compared to fixed probabilistic transmission scheme but both yield similar long-term performance in terms of number of devices discovered.

Observation 2c: Adaptive probabilistic transmission is marginally outperformed by UE-grouping in terms of initial latency performance, but yields significantly better mid-to-long-term performance compared to all other schemes.
Proposal 1: In order to facilitate efficient usage of discovery resources, RAN1 WG should continue to study and specify appropriate distributed interference control mechanism in addition to the currently agreed baseline operation for Type 1 discovery.
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