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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. During the RAN1 #76 meeting, the following was concluded with respect to further study of Type 1 and Type 2 discovery procedures [1]:
· Continue to study both type 1 and type 2 discovery as per the definitions agreed in RAN1#73.
It was also agreed that [1]:

· For Type 2 discovery:

· UEs transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint
· Type1 and Type 2B use the same message design
Additionally, the following was agreed as a working assumption for Type 2B discovery transmission timing [1]:
· 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
In addition to the above agreements and working assumptions in RAN1 WG, during the SI phase, RAN2 WG made the following agreement regarding radio resource allocation for D2D discovery [2]:

· The eNodeB may provide in SIB:

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

· A radio resource pool for discovery reception of Type 2B.
Further, the following was also agreed in the RAN2 WG with regard to Type 2B discovery resource request and allocation, and behavior of receiving D2D UEs [2]:
· In case of Type 2B, only an RRC CONNECTED UE may request resources for transmission of D2D discovery messages from the eNB via RRC. The eNodeB assigns resource via RRC. 

· As baseline, UE releases the transmission resources the latest when the UE enters RRC_IDLE or when the eNB withdraws the resource by RRC signalling.

· In case of Type 2B as baseline radio resource are allocated by RRC. Use of activation/deactivation of radio resources using PDCCH is FFS.

· Receiving UEs monitor both Type 1 and Type 2B discovery resources as authorised.
From the above RAN2 agreements, it can be inferred that a D2D UE needs to be in RRC_CONNECTED state to transmit on (at least) Type 2B discovery resources.

Following the above-listed agreements and working assumptions, in this contribution, we consider some of the remaining aspects related to Type 2B discovery resource allocation and related procedures.  Our views on Type 1 discovery resource allocation are presented in the companion contribution [3].
2 Desirable design targets for Type 2B discovery
First, we highlight some of the potential benefits of Type 2B discovery. These are listed below:

1. Reduced impact to WAN: 

a. Timing can be aligned at the eNB receiver to better protect WAN region (avoid inter-carrier interference (ICI) and inter-symbol interference (ISI)) that may be FDM with discovery region. This can be achieved by mandating that UEs transmit discovery signals with application of UL WAN timing advance (i.e. T2=TA) [4]. Such timing alignment is not possible for Type 1 discovery resources due to transmissions from RRC_IDLE UEs that do not have an active timing advance value. Given the RAN2 agreement that a UE needs to be in RRC_CONNECTED state to transmit on Type 2B discovery resources, the option of T2 = TA would be feasible for Type 2B discovery resources and help realize the benefits of timing alignment at the eNB receivers.
b. More efficient eNB-controlled power control in favour of WAN protection at the cost of some discovery range degradation. Compared to possible power control mechanisms that may be applied to Type 1 resources, for Type 2B resources, the mechanism can be more efficient as the network can implement UE-specific power control for the RRC_CONNECTED D2D UEs.
c. Higher scheduling flexibility for UL WAN transmissions: Considering the potential of reducing the interference to WAN from discovery transmissions on Type 2B resources, FDM multiplexing of PUCCH and PUSCH regions with Type 2B D2D discovery region at the system level would be more feasible as network would be aware of the D2D UEs transmitting on different discovery resources. 
2. Reduced interference within the D2D discovery region: More efficient discovery due to collision avoidance on the discovery resources. Additionally, impact from in-band emissions (IBE) and half-duplex effect can be minimized by more efficient resource pool shaping. Specifically, considering that efficient coexistence with WAN using FDM can be achieved for Type 2B discovery based on the point #1 above, more time resources and fewer frequency resources can be assigned for Type 2B discovery resource pool. Such a design can help realize effective inter-discovery period hopping schemes to better alleviate the half-duplex problem. Additionally, the practical feasibility of such optimization is further aided by the relatively small number of RRC_CONNECTED UEs.
From the above it is clear that there are certain clear advantanges from Type 2B discovery in terms of enabling more efficient coexistence with cellular operations. Consequently, Type 2B discovery procedure should be designed to maximally realize the above potential advantages. In the rest of the contribution, we present our views on the remaining design aspects for Type 2B discovery taking the above design targets into consideration.
3 Reduced impact to WAN and efficient Type 2B discovery design
3.1 Multiplexing of Type 1 and Type 2B discovery resource pools

As highlighted in Section 2, Type 2B discovery offers certain advantages from the perspective of reduced impact to WAN (including higher scheduling flexibility for UL WAN transmissions) as D2D UEs in RRC_IDLE state may not transmit on these resources. These include the benefits in terms of timing alignment at the eNB receiver and better power control to protect UL transmissions from interference caused by D2D discovery signal transmissions. 
In order to realize these benefits, it is imperative that Type 1 and Type 2B discovery resource pools are multiplexed in time and not in frequency. Note that if FDM is used to multiplex Type 1 and Type 2B discovery resources, then it may not be possible to realize the following benefits from Type 2B discovery:

i. timing alignment from transmissions on Type 2B resources using UL TA;

ii. reduction of interference to WAN resources (PUCCH and/or PUSCH) that may be FDM with D2D discovery region due to IBE via more efficient power control;

iii. reduction of interference from IBE at D2D UEs receiving discovery signals on Type 2B resources due to transmissions on Type 1 discovery resources;
Note that the aspect of scheduling flexibility for WAN transmissions can be of significant importance towards minimizing the impact from D2D discovery on WAN in TDD deployments, especially for TDD configurations with relatively small number of UL subframes, e.g., TDD configurations 2, 5.

Although it should be acknowledged that using TDM to multiplex Type 1 and Type 2B discovery resource pools may cause slightly higher power consumption for the RRC_IDLE UEs that may be monitoring both resource pools, this impact can be minimized by configuring the two resource pools relatively closely in time so as to not result in excessive number of waking-ups for D2D UEs in RRC_IDLE state.

Proposal 1: Resource pools for Type 1 and Type 2B discovery should be multiplexed using TDM.
3.2 Transmission timing offset for Type 2B discovery

As discussed in Section 2 and also elaborated in [4], with the consideration that Type 1 and Type 2B discovery resources are not multiplexed in frequency, the impact to WAN due to interference from ICI and ISI can be minimized by better time alignment of signals at the eNB receiver if RRC_CONNECTED D2D UEs transmit with the application of UL WAN TA. 

Note that, as numerous other companies have expressed during the SI phase, it would be a desirable design consideration to reserve resources at the band edges at least for PUCCH transmissions. Consequently, to minimize the impact on cellular DL performance, especially for legacy UEs, it is important that the interference to any FDM UL WAN resources due to ICI is minimized by mandating that D2D UEs transmit with application of UL TA for transmissions on Type 2B discovery resources. As a result, we propose the following:
Proposal 2: Following RAN2 baseline agreement that RRC_IDLE UEs may not transmit on Type 2B discovery resources, the T2 value for transmission on Type 2B resources is given by: T2 = TA for FDD, and T2 = 624Ts + TA for TDD.

3.3 Power control for Type 2B discovery transmissions

To further minimize the impact from IBE to any UL WAN transmissions that may be FDM with the Type 2B discovery resources, the eNB can apply UE-specific power control (to the eNB) for Type 2B discovery transmissions. Although such power control application can be expected to reduce the discovery range for the affected transmissions, the overall impact can be marginal with the appropriate application of the power control and scheduling of the periodically occurring UE-specific Type 2B resources. 

Considering the nature of IBE, the discovery resources can be configured in the central part of the band with the cellular WAN resources starting from the band-edges. Consequently, the main impact from IBE would be to the WAN PRBs close to the discovery PRBs. This is illustrated in Figure 1 which shows an example of the general component of the IBE following the IBE model in TS36.101. 
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Figure 1: An example of general component of the in-band emissions.
Accordingly, depending on the location of the UE-specific discovery resources (decided by the eNB) efficient transmit power control can be configured by the eNB to minimize the interference from IBE to WAN resources and at the same time, reduce the detrimental effect to discovery range from any maximum transmit power reduction. Specifically, discovery transmissions that are significantly separated from the UL WAN PRBs need not be subjected to strict transmit power control as compared to those close to UL WAN PRBs. Note that, the overall fairness can be ensured with appropriate scheduling and employing suitable frequency hopping between consecutive Type 2B discovery periods.
Proposal 3: RAN1 to further study towards specifying transmit power control mechanisms for Type 2B discovery that can facilitate efficient frequency division multiplexing of Type 2B discovery and UL WAN resources.

3.4 Multiplexing of Type 2B discovery and UL WAN resources

Considering the discussion so far, it is clear that with the appropriate design of Type 2B discovery procedure, it should be possible to enable multiplexing of UL WAN and Type 2B discovery resources in frequency. However, impact from UL WAN transmissions to discovery reception should also be considered. Depending on the deployment and interference conditions, the final control should be best left to the eNB scheduling implementation to allow the maximum scheduling flexibility for both UL WAN and Type 2B discovery transmissions.
Proposal 4: Decision on multiplexing of Type 2B discovery and UL WAN resources at the system level should be left to eNB implementation.
4 Resource hopping for Type 2B discovery
Different options regarding the mapping of resources and hopping mechanisms to provide frequency diversity and minimize the impact from half-duplex constraint at the D2D UEs can be considered to enhance the discovery performance. Some options toward this are detailed next.

Let the number of individual resources within a Type 2B D2D discover period be Nf  and Nt in frequency and time dimensions respectively. Further, assume that the eNB has allocated an initial resource for discovery packet transmission to a particular UE. Using this knowledge (known to both UE and the eNB), an appropriate discovery zone-by-discovery zone hopping mechanism is devised to ensure benefits of frequency diversity and address the half-duplex constraint. Let the current time-frequency resource on which a D2D UE transmits discovery packet in the current discovery zone be nt (0 ≤ nt ≤ Nt-1) and nf (0 ≤ nf ≤ Nf-1) respectively. Then, the time-frequency resource for this UE in the next zone can be given by the following equations:

next_nf =  (nf + floor(Nf/2) ) modulo Nf
next_nt = (nt + nf) modulo Nt
For the above hopping mechanism, the eNB would need to keep track of the evolution of allocations for each ProSe-enabled UE assigned resources in the Type 2B discovery period to decide the resource allocation for the next discovery zone. An alternative to this could be to specify a hopping mechanism based on the resource location (time-frequency index) of the initial allocation, the periodicity of Type 2B discovery period that is configured during the initial allocation, the system frame number (SFN), and the subframe number so that the eNB would only need to know the initial allocation position and not need to track each UE’s discovery resource location as they evolve from zone-to-zone.

Let proSeDiscoveryTxInterval be the periodicity of resources allocated for a particular D2D UE; this periodicity can be same as the periodicity of Type 2B discovery period or an integer multiple of the latter (i.e., some UEs are allocated transmission resources every K(≥1) Type 2B discovery periods). As for the first alternative, Nf  and Nt are the number of individual resources within a Type 2B discovery period in frequency and time dimensions respectively. Then, after a UE is initially configured for periodic discovery data packet transmission within the Type 2B D2D DZ, the UE shall consider sequentially that the Nth resource allocation occurs in the subframe for which:

(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * proSeDiscoveryTxInterval + (N *nf_start time) modulo Nt] modulo 10240,

where SFNstart time, subframestart time, and nf_start time are the SFN, subframe, and position in frequency respectively, at the time of initial allocation. 

The resource location in frequency dimension corresponding to the Nth resource allocation can also be derived from the initial allocation position as given below:

next_nf = (nf_start time + (N * floor(Nf/2)) modulo Nf) modulo Nf.
Proposal 5: RAN1 to study and specify appropriate resource-mapping and hopping mechanism for Type 2B discovery to realize benefits from frequency diversity and alleviate the impact from half-duplex constraint at D2D UEs.
5 Conclusions

In this contribution, we presented our views on Type 2B discovery resource allocation, including design guidelines for Type 2B discovery to justify its differentiation from Type 1 discovery in terms of network assistance for RRC_CONNECTED D2D UEs. Based on the discussion presented in this contribution, our views can be summarized via the following proposals:
Proposal 1: Resource pools for Type 1 and Type 2B discovery should be multiplexed using TDM.
Proposal 2: Following RAN2 baseline agreement that RRC_IDLE UEs may not transmit on Type 2B discovery resources, the T2 value for transmission on Type 2B resources is given by: T2 = TA for FDD, and T2 = 624Ts + TA for TDD.
Proposal 3: RAN1 to further study towards specifying transmit power control mechanisms for Type 2B discovery that can facilitate efficient frequency division multiplexing of Type 2B discovery and UL WAN resources.
Proposal 4: Decision on multiplexing of Type 2B discovery and UL WAN resources at the system level should be left to eNB implementation.

Proposal 5: RAN1 to study and specify appropriate resource-mapping and hopping mechanism for Type 2B discovery to realize benefits from frequency diversity and alleviate the impact from half-duplex constraint at D2D UEs.
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