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1 Introduction
In this contribution, we share our views on the remaining details of D2D discovery with focus on the following aspects:

· Frequency hopping for repeated transmissions of discovery message within a discovery period;

· D2D discovery transmitting (TX) UE behavior for Type 1 discovery;
· D2D discovery transmitting (TX) UE behavior in case of time-domain conflicts;
· D2D discovery transmissions on D2DSS subframes.
Our views on transmission timing related to Type 2B discovery and resource pool overlaps and discovery UE behavior are presented in our companion contributions [1], [2], and [3], respectively.
2 Repeated Transmissions and Frequency Hopping
It was agreed at the RAN1#77 meeting [4] to support inter-subframe frequency hopping for discovery if multiple subframe transmission is used:

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

Additionally, the support of repeated transmissions for discovery was agreed at RAN1 #78bis meeting [5]:


· For both Type 1 and Type 2B discovery:

· Confirm the working assumption that repeated transmissions of discovery signal within a discovery period is supported.
· Contiguous repetitions over subframes within the configured discovery resource pool is supported for D2D discovery.
· The maximum number of repeated transmissions, excluding the initial transmission, is configurable between 0, 1, 2, 3.

· A common value is used for all UEs for transmissions within a discovery resource pool

· RV pattern is:

· [0 2 3 1]

While PUCCH based frequency hopping can achieve maximal frequency diversity for one single UE, in general it may not be desirable in term of the fairness for other UEs. In the worst case scenario, the discovery packets transmitting in the center of the discovery resource pools would not be able to exploit the benefits of frequency diversity, which would lead to substantial link-level performance degradation. On the contrary, PUSCH based frequency hopping which can achieve appropriate tradeoff between performance and fairness should be supported for repeated transmission for D2D discovery. 
In current LTE specification, two types of hopping patterns are defined for PUSCH based frequency hopping: 1) Type 1 PUSCH hopping based on predefined hopping offset; 2) Type 2 PUSCH hopping according to subband hopping and mirroring mechanism. To simply the design for D2D discovery and avoid the use of subframe index for frequency hopping, it is preferable to apply Type 1 PUSCH frequency hopping for repeated transmission. 
Let the frequency resource on which a D2D UE initially transmits discovery packet be nf (0) (0 ≤ nf ≤ Nf-1) where the resources are logically indexed. Then, the frequency resource for this UE on the kth (1≤ k ≤ L-1) repeated transmission can be given by the following equation, where L is the bundled TTIs for repeated transmission. 
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf
Proposal 1
· For both Type 1 and Type 2B discovery, Type 1 PUSCH hopping, based on predefined hopping offset, should be adopted for D2D discovery with repeated transmissions within a discovery period. In particular, the frequency resource on the kth (1≤ k ≤ L-1) repeated transmission is given as
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf.
3 TX UE behavior for Type 1 discovery
At the RAN1 #78bis meeting, the probabilistic transmissions for Type 1 discovery was agreed as an interference control mechanism and the following was agreed by RAN1 WG [5]:

· For Type 1 discovery

· For each discovery period, a UE transmits on a randomly selected discovery resource based on a transmission probability p that is configured as part of each Type 1 discovery resource pool, without considering resources which cannot be used 

· 0 < p ≤ 1

· p={0.25, 0.5, 0.75, 1}

· For each discovery period, the above decision to transmit or not applies to both the initial and any retransmission(s) of a discovery signal within the period 
According to the above set of agreements and as agreed in the list of RRC parameters to RAN2 WG [6], a transmission probability parameter (discoveryTxProbability) is associated with a Type 1 discovery TX pool, and for each discovery period, a UE transmits on a randomly selected discovery resource with this probability.

In this regard, RAN1 WG should define the mechanism for transmission with a probability (p) as indicated by the discoveryTxProbability parameter. This is necessary to ensure predictable UE behavior, RAN4 testability, and thereby, to realize the effectiveness of the mechanism of probabilistic transmission of discovery messages for Type 1 discovery.
A simple mechanism to define the UE behavior is proposed below. 
For each discovery period:

1. TX UE generates a pseudo-random number (0 ≤ p_UE ≤ 1).

2. TX UE compares the generated pseudo-random number (p_UE) to the configured transmission probability (p) indicated by discoveryTxProbability parameter.

3. If p_UE ≤ p, then the TX UE transmits the discovery message on a randomly selected discovery resource (including any repeated transmissions if configured) during that period; else, it refrains from transmission.

The pseudo-random binary sequence (PRBS) generation specified in [7] can be reused to generate the p_UE value, and the latter number can be generated in each period as a function of the time index of the first subframe of the Type 1 discovery resource pool, i.e., using the System Frame Number (SFN) and the subframe number corresponding to the first subframe of the Type 1 discovery resource pool as given below:
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where c( ) is defined in Section 7.2 of [7] and L is a sufficiently large positive integer, e.g., L = 10.

Further, the PRBS above (i.e., the function c( )) is initialized as a function of an appropriate UE identity of the TX UE. As the simplest option, considering that no Layer 1 or Layer 2 UE ID is defined for D2D discovery, the PRBS initialization seed cinit can be given by 

cinit  = UE_ID, where UE_ID = IMSI mod K. 
Similar to the currently specified mechanism for deriving the Paging Occasion (PO), IMSI is in decimal format and K is a pre-defined constant not larger than 231. In fact, even a much smaller value of K = 1024 may be sufficient.
Proposal 2
· Define the TX UE behavior for Type 1 discovery transmissions based on the configured transmission probability and existing PRBS generator as described below:
· For each Type 1 discovery period, discovery UE generates a pseudo-random number (0 ≤ p_UE ≤ 1) according to
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where c( ) is defined in 3GPP TS 36.211, SFN and firstSubFrameIdx are the System Frame Number and subframe number corresponding to the first subframe of the Type 1 discovery TX pool for the particular discovery period, L = 10, c_init = UE_ID and UE_ID = IMSI mod K, IMSI is in decimal, and K = 1024.
· If p_UE ≤ p, where p={0.25, 0.5, 0.75, 1} is the transmission probability indicated by discoveryTxProbability, then UE transmits the discovery message on a randomly selected discovery resource (including any repeated transmissions if configured) during that discovery period; else, it refrains from Type 1 discovery transmission during that period.
4 TX UE behavior in case of time-domain conflicts
According to RAN1 agreements at RAN1 #78bis meeting, for both Type 1 and Type 2B discovery, discovery message transmissions can be repeated up to 4 times (including the initial transmission) within a discovery period. Discovery message (discovery MAC PDU) initial or repeated transmissions within a discovery period may collide in time-domain (from the transmitting UE’s perspective) with other prioritized WAN or D2D physical channels/signals. 

For example, it has already been agreed that PRACH transmission is prioritized over discovery message transmission in case of time-domain collisions. Depending on RAN1 decision, it is possible that SA transmissions are prioritized over discovery MAC PDU transmissions. Further, time-domain collisions are possible at the D2D discovery TX UE between transmission of Type 1 and Type 2B discovery, in which case it is proposed that Type 2B discovery transmission is prioritized and Type 1 discovery transmission on the particular subframe is dropped [3]. 

Different cases can be considered for such time-domain collisions when repeated transmissions of discovery message within a discovery period is configured:

1.
The initial transmission is dropped (RV 0 is dropped);

2.
At least one of the repeated transmissions is dropped (At least one of RVs 2, 3, 1 is dropped).

For Type 2B discovery, the discovery resources are assigned by the eNodeB and consequently, similar to Mode-1 operation, the D2D Tx UE should continue transmission on the other subframes irrespective of whether one or more of the transmissions (possibly including the initial transmission) is/are dropped. This can ensure effective use of scheduled resources and facilitate opportunistic reception at Rx UEs that may be able to successfully decode the discovery message based on reception of only a subset of the repeated transmissions within the discovery period.

For Type 1 discovery, considering the periodic nature and non-UE-specific resource allocation procedure, the simplest option may be to drop all subsequent transmissions once the initial or a repeated transmission is dropped due to time-domain conflicts with WAN or a higher priority D2D channel/signal. 

However, note that if the time-domain conflict occurs for one of the repeated transmissions, depending on the time-domain configuration of the Type 1 discovery resource pool, it may not be possible for the D2D TX UE to predict during, e.g., the initial transmission if there can be a future time-domain conflict due to scheduling of a higher priority WAN of D2D transmission on the subframes for one or more of the retransmissions of the discovery message.

So, for Type 1 discovery as well, it is proposed that D2D TX UE continues transmission on the other subframes irrespective of whether one or more of the transmissions (possibly including the initial transmission) is/are dropped.
Proposal 3
· For both Type 1 and Type 2B discovery, in case of time-domain conflicts between instances of discovery message transmission and any other higher priority WAN or D2D physical channel/signal, the discovery UE drops the discovery message transmission for that transmission instance only and continues transmission on other subframes according to the configuration of repeated transmissions provided by the serving/camping cell.
5 Discovery transmissions on D2DSS subframes
At the RAN1 #78bis meeting, the following was agreed regarding D2DSS transmissions associated with discovery [5]:
· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbor cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe
· For a discovery UE, for each discovery pool, the UE shall transmit D2DSS in the first subframe of the discovery pool if this subframe is in the D2DSS resource, or otherwise in the latest subframe of the D2DSS resource before the start of the discovery pool, if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS: the UE is not scanning for other D2DSS (details FFS), AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the UE transmits a discovery message in the discovery pool, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, OR all of the following conditions are satisfied: 

· an RSRP threshold for discovery D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.
According to the above agreement, for D2DSS subframes, the resources other than the central 6 PRBs containing the D2DSS may be reused by the eNodeB. However, the UE behavior needs to be clarified if the first subframe of the discovery TX pool is in the D2DSS resource, and the frequency span of the discovery TX pool extends beyond the central 6 PRBs. 
Option 1: For the above case, one option is to allow discovery message transmission on the unused resources. Assume that the discovery resource pool spans N subframes in time dimension: discovery subframe #0 through #N-1. For this option, the resource pool configuration for D2D discovery subframe #0 is the same as that for the rest of the D2D discovery subframes within the resource pool, i.e., subframes #1 through #N-1. Some examples of this are illustrated in Figure 1. 
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Figure 1. An example of resource allocation as per Option 1 for the first subframe of discovery resource pool.
However, this complicates the processing and reduces the reliability of discovery signal reception at the receiving UEs in the neighboring cells owing to the requirement of acquiring synchronization as well as receiving discovery signals on other PRBs of the same subframe, thereby reducing the effectiveness of the usage of these PRBs to carry discovery signals. Certainly it also affects reception of D2DSS itself on the central 6 PRBs due to impact from in-band emissions from discovery message transmissions. 
Option 2: An alternative that is in-line with RAN1 agreements so far is to leave the unused resources of the first subframe of the discovery resource pool for WAN operations. Note that this option provides the network to determine whether to allow these PRBs for UL WAN transmissions or not. For instance, UEs close to the eNodeB may be scheduled on these resources for UL WAN transmissions with appropriate application of power control in order to minimize the interference on the central six PRBs due to IBE.

Option 2 can be realized by specifying the following:

· If the first subframe of the discovery TX pool is in the D2DSS resource, the discovery resource pool spans only the central 6 PRBs in the first subframe (carrying the D2DSS transmissions) and the frequency span of the discovery pool as indicated in the discovery resource pool configuration applies to the remaining subframes within the resource pool. 

· Else, the span of the first subframe in the frequency dimension is the same as configured for the rest of the resource pool (i.e., no special handling of the first subframe).

In case Type 2B radio resource pool is FDM-ed with Type 1 transmission pool, then the same principle can still apply, i.e., receiving D2D UEs monitor only from discovery subframe #1 for Type 2B discovery message transmissions.

If only Type 2B discovery is configured or if Type 2B discovery radio resource pool is TDM-ed with Type 1 discovery resource pool, then again the same principle can apply. Specifically, only the central 6 PRBs of the first discovery subframe in the Type 2B discovery radio resource pool carry the D2DSS transmissions, and the remaining subframes in the resource pool are monitored by receiving UEs for Type 2B discovery messages.

Additionally, for Type 2B discovery TX pool, if the first subframe of the discovery TX pool is in the D2DSS resource, the value of the span in time dimension of the logical discovery resources (Nt), should be defined excluding the first subframe carrying the D2DSS.

Proposal 4
· The following is specified regarding the unused resources on D2DSS subframes that are not used for D2DSS transmissions with respect to discovery:

·  If the first subframe of the discovery TX pool is in the D2DSS resource, the discovery resource pool spans only the central 6 PRBs in the first subframe (carrying the D2DSS transmissions) and the frequency span of the discovery pool as indicated in the discovery resource pool configuration applies to the remaining subframes within the resource pool. 

·  Else, the span of the first subframe in the frequency dimension is the same as configured for the rest of the resource pool.
·  For Type 2B discovery TX pool, if the first subframe of the discovery TX pool is in the D2DSS resource, the value of the span in time dimension of the logical discovery resources (Nt), should exclude the first subframe carrying the D2DSS.
6 Conclusions

In this contribution, we shared our views on the on the remaining details of Rel-12 D2D discovery. Based on the discussion in the previous sections, we summarize our views through the following proposals:
Proposal 1

· For both Type 1 and Type 2B discovery, Type 1 PUSCH hopping, based on predefined hopping offset, should be adopted for D2D discovery with repeated transmissions within a discovery period. In particular, the frequency resource on the kth (1≤ k ≤ L-1) repeated transmission is given as
nf (k)=  [nf(0) + k*floor(Nf/L)] modulo Nf.
Proposal 2

· Define the TX UE behavior for Type 1 discovery transmissions based on the configured transmission probability and existing PRBS generator as described below:

· For each Type 1 discovery period, discovery UE generates a pseudo-random number (0 ≤ p_UE ≤ 1) according to
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where c( ) is defined in 3GPP TS 36.211, SFN and firstSubFrameIdx are the System Frame Number and subframe number corresponding to the first subframe of the Type 1 discovery TX pool for the particular discovery period, L = 10, c_init = UE_ID and UE_ID = IMSI mod K, IMSI is in decimal, and K = 1024.

· If p_UE ≤ p, where p={0.25, 0.5, 0.75, 1} is the transmission probability indicated by discoveryTxProbability, then UE transmits the discovery message on a randomly selected discovery resource (including any repeated transmissions if configured) during that discovery period; else, it refrains from Type 1 discovery transmission during that period.
Proposal 3

· For both Type 1 and Type 2B discovery, in case of time-domain conflicts between instances of discovery message transmission and any other higher priority WAN or D2D physical channel/signal, the discovery UE drops the discovery message transmission for that transmission instance only and continues transmission on other subframes according to the configuration of repeated transmissions provided by the serving/camping cell.
Proposal 4
· The following is specified regarding the unused resources on D2DSS subframes that are not used for D2DSS transmissions with respect to discovery:

·  If the first subframe of the discovery TX pool is in the D2DSS resource, the discovery resource pool spans only the central 6 PRBs in the first subframe (carrying the D2DSS transmissions) and the frequency span of the discovery pool as indicated in the discovery resource pool configuration applies to the remaining subframes within the resource pool. 

·  Else, the span of the first subframe in the frequency dimension is the same as configured for the rest of the resource pool.
·  For Type 2B discovery TX pool, if the first subframe of the discovery TX pool is in the D2DSS resource, the value of the span in time dimension of the logical discovery resources (Nt), should exclude the first subframe carrying the D2DSS.
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