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1 Introduction

At the RAN1 #76bis meeting, the following was agreed regarding Type 2 discovery procedures [1]:
· 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
Additionally, the following was agreed as a working assumption during the RAN1 #76 meeting for Type 2B discovery transmission timing [2]:
· 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
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 [3]:
· 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 Type 2B discovery resources.

In [4], we discussed some desirable targets for Type 2B discovery design in terms of facilitating improved discovery performance and increased flexibility at the network side towards enabling more efficient coexistence between D2D discovery and cellular resources. Following the past agreements in RAN1 and RAN2 WGs and the above-mentioned motivations, in this contribution, we consider some of the remaining aspects related to Type 2 discovery resource allocation and related procedures.  Our views on Type 1 discovery resource allocation are presented in the companion contribution [5].
2 Resource hopping for Type 2B discovery

As mentioned in the previous section, during the last RAN1 meeting, it was agreed that a resource hopping mechanism following the resource allocation by the eNB can be applied for Type 2B discovery, with the exact hopping mechanism being identified FFS. In our view, a simple resource hopping mechanism should be specified to alleviate the impact from half-duplex constraint and realize the benefits from frequency diversity.

During the RAN1 #76bis meeting, there were online discussions on whether the resource hopping should be defined such that the resource in the current discovery period is derived from that in the previous discovery period, or whether the hopping is defined with respect to the initial resource allocation by the eNB. 
First, we consider a simple hopping approach such that the resource for the discovery signal transmission in the current discovery period based on the resource location for discovery signal transmission in the previous period. Let the number of individual resources within a Type 2B D2D discovery 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  D2D UE. Using this knowledge (known to both UE and the eNB), an appropriate 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 period be nt (0 ≤ nt ≤ Nt-1) and nf (0 ≤ nf ≤ Nf-1) respectively. Then, the time-frequency resource for this UE in the next discovery period can be given by the following equations:

next_nf =  (nf + floor(Nf/2) ) modulo Nf



















 … (1)
next_nt = (nt + nf) modulo Nt   





















 … (2)
For the above hopping mechanism, the eNB would need to keep track of the evolution of allocations for each D2D 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 the hopping is applied from one discovery period to another.

The following hopping mechanism is similar to the currently-defined SPS resource allocation procedure for UL SPS scheduling. 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 Type 2B discovery signal transmission within the Type 2B discovery resource pool, 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,























    … (3)
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 










   … (4)                          
Note that both of the above approaches yield the same hopping scheme for the same choice of parameters, and hence, similar performance can be expected for both alternatives. The only difference being in the exact definition of the hopping equations and the signaling aspects, and there are some benefits from reusing an already established form of signaling as described in the second option. In principle, the hopping mechanism defines the evolution of resource location from one discovery period to the next, and clearly, via induction, it can always be interpreted that the resource hopping is defined with respect to the initial resource allocation by the eNB.
Proposal 1a: A simple resource hopping mechanism as in equations (1) – (2) or equations (3) – (4) for Type 2B discovery should be specified to realize benefits from frequency diversity and alleviate the impact from half-duplex constraint at D2D UEs. 
Proposal 1b: With regard to the down-selection between the two hopping definitions, using the definition in equations (3) – (4) is slightly preferred as it is more elegant and more importantly, similar to existing UL SPS resource allocation indication mechanism currently defined in LTE. 
3 Some design details for Type 2 discovery resources
3.1 Transmission timing offset for Type 2 discovery

As discussed in [2] and elaborated in [6], if Type 1 and Type 2 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. 

This provides the network with the important flexibility of being able to multiplex UL WAN resources and Type 2 discovery resources via FDM, at least in an opportunistic manner. Note that such cases may be quite practicable due to the small number of D2D UEs that may transmit using Type 2 discovery combined with the relatively small size of each discovery resource. Consequently, we propose the following:
Proposal 2: The T2 value for transmission on Type 2 resources is given by: T2 = TA for FDD, and T2 = 624Ts + TA for TDD.

3.2 Signal gap for Type 2 discovery resources

Following the above proposal on transmission timing for Type 2 discovery signal transmissions, it is clear that it is not necessary to reserve the last symbol as a gap at the end of Type 2 discovery signal transmission as the latter follows UL WAN timing. This enables up to 10% better resource utilization compared to having the last symbol gap at the cost of no loss in performance or complicated optimization. Note that receiving D2D UEs would automatically be aware of Type 2 discovery signal transmissions by identifying them with the configured reception resource pool for Type 2 discovery signal reception.

Proposal 3: No gap is used at the end of Type 2 discovery signal transmission.
3.3 Multiplexing of Type 2 discovery and UL WAN resources

Considering the discussion so far, it is clear that with the appropriate design of Type 2 discovery procedure, it should be possible to enable multiplexing of UL WAN and Type 2 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 2 discovery transmissions.
Proposal 4: Decision on multiplexing of Type 2 discovery and UL WAN resources at the system level should be left to eNB implementation.
4 Support of “on-demand” discovery

Some interesting applications of “on-demand” discovery were described in [7], wherein discovery signals are transmitted, not following a procedure that is periodic and of a background-nature, but rather, in an “on-demand” fashion. Such discovery signal transmissions may be used for applications that may require fast discovery when required instead of having to run a continuous process in the background. Accordingly, in [7], Type 2A discovery was proposed to address such use cases. However, following the currently-defined Type 2A discovery, a D2D UE may transmit the discovery signal only once on the allocated discovery resource. Such a one-shot transmission of discovery signals may not be practically beneficial due to challenges from half-duplex effect, uncertainties due to channel fading, etc. 
In order to address the above, it may be worthwhile to consider an extended version of Type 2A discovery that allows for multi-shot transmissions within a short period of time. Following this approach the eNB may configure an RRC_CONNECTED D2D UE with an initial resource, number of repeated transmissions, and resources for the retransmissions can follow a specific hopping pattern to alleviate half-duplex impact, potentially allow for receiver-side combining, and realize frequency diversity. The repeated transmissions should be limited within a short period of time to realize an effective “transmission burst” for fast discovery of “on-demand” nature. 
Note that it is important that the resources used for such transmissions are included as part of the reception resource pool(s) that are indicated via SIB signaling to enable detection of the discovery signals by a large number of proximal D2D UEs. Let the set of resources that are allocated for Type 2A discovery signals with repeated transmissions be termed as the Type 2A with multi-shot (Type 2A-MS) resource pool. Accordingly, one simple option could be multiplexing the Type 2A-MS resource pool within one instance of a Type 2B discovery reception resource pool. Note that the resource hopping for repeated transmissions of the Type 2A discovery signals are configured within the Type 2A-MS resource pool. Essentially, this discovery resource allocation procedure can be interpreted as compressing the first N (corresponding to N repetitions of Type 2A discovery signal transmission) Type 2B discovery resource allocation (that is semi-persistent and spans periodically occurring resource pools with long periodicity) to within a single instance of a resource pool. 
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Figure 1: Example of “on-demand” discovery resource allocation using Type 2A with multi-shot transmission.
Proposal 5: Support of “on-demand” discovery mechanism via a multi-shot extension of Type 2A discovery can be considered towards defining a discovery procedure that is complementary to Type 1 and Type 2B discovery.
5 Conclusions

In this contribution, we presented our views on Type 2 discovery resource allocation and procedure. Based on the discussion presented in this contribution, our views can be summarized via the following proposals:
Proposal 1a: A simple resource hopping mechanism as in equations (1) – (2) or equations (3) – (4) for Type 2B discovery should be specified to realize benefits from frequency diversity and alleviate the impact from half-duplex constraint at D2D UEs. 

Proposal 1b: With regard to the down-selection between the two hopping definitions, using the definition in equations (3) – (4) is slightly preferred as it is more elegant and more importantly, similar to existing UL SPS resource allocation indication mechanism currently defined in LTE.
Proposal 2: The T2 value for transmission on Type 2 resources is given by: T2 = TA for FDD, and T2 = 624Ts + TA for TDD.
Proposal 3: No gap is used at the end of Type 2 discovery signal transmission.
Proposal 4: Decision on multiplexing of Type 2 discovery and UL WAN resources at the system level should be left to eNB implementation.
Proposal 5: Support of “on-demand” discovery mechanism via a multi-shot extension of Type 2A discovery can be considered towards defining a discovery procedure that is complementary to Type 1 and Type 2B discovery.
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