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1. Introduction
In RAN 1 #78 meeting, following agreements and working assumptions about Type 1 discovery were made:
Agreement:

· The hopping pattern for first transmission within a Type 2B discovery period is:

· Time: next_nt = mod(c*nf + nt*Nf + a, Nt) 

· Frequency:  next_nf = mod(floor((nf + nt*Nf) /Nt) + b, Nf)

· Here 

· nt refers to logical time index of the first transmission within a discovery period

· nf refers to logical frequency index of the first transmission within a discovery period

· Nt refers to the total number discovery resources in time divided by the number total transmissions within a discovery period

· Nf refers to the total number discovery resources in frequency

· c is RRC configured from a set of values that are positive and at least include 1

· a is cell specific and b’ UE specific, and both are RRC configured  
· Any means to identify which parameter value should be used at any given time instant are up to RAN2
· b = mod (b’ + #discovery periods since b’ was received, M), here  
· b’ indicates an index of the upcoming discovery period, when allocating a UE the Type 2B discover resource 

· b is between 0 and M-1 

· M is fixed in specification 

· Working assumption to be checked until RAN1#78bis (including whether a single value of M is sufficient): M=10

· The hopping formula applies only to hopping across discovery periods 

· At least joint time and frequency hopping is supported across discovery periods 

· FFS whether only time hopping is used  and can be configured 

· FFS whether only frequency hopping is used  and can be configured if retransmissions within a discovery period are configured 

Agreement:

· From the UE perspective, at any given time instant, up to 4 discovery transmission pools can be independently configured, each of which may be configured for either of the discovery types

This contribution discusses remaining issues on resource allocation and repetition transmission for discovery.
2. Discussion

2.1. Repetition transmission within a discovery period 
In RAN1 #77, it was agreed that repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given MAC PDU by a UE within a discovery period is supported. It is desirable that the number of repetition in a discovery period is configurable via higher layer signaling by network. When the repetition within a period is allowed, the contiguous transmission is beneficial in terms of the complexity of UE implementation. If two contiguous transmissions within a period are configured for discovery signal transmission, the receiver UEs need to perform once AGC training per two subframes. This operation can avoid the loss of the first symbol in the second subframe due to AGC. In addition, UE buffer is also simplified for the contiguous transmission. If half duplex hopping like Type 2B discovery across periods is used for repetition transmission within a period, UE should implement the buffer size for Nt/x, where x denotes the number of transmissions within a discovery period. For example, when Nt=40 and x=2, 20 subframe buffering is required to achieve the combining gain. Only for sparsely located discovery resources implementing such a big size buffer is not desirable. If the contiguous transmission is supported, UE buffer size can be significantly reduced compared with the half duplex hopping within a discovery period.
Proposal 1: Contiguous transmission within a discovery period is supported for Type 1 and Type 2B discovery. 
2.2. Remaining issues on Type 2B discovery 
The half duplex hopping pattern for Type 2B discovery was agreed in RAN1 #78. There are several remaining issues. Firstly, as discussion in [78-12], it is unclear for the value of the usage of c. Also, we cannot find any suitable value without resource collision for c except for c=1. Thus, we propose to fix c=1. 

Secondly, it is unclear for benefit to introduce time or frequency only hopping for Type 2B discovery. The frequency hopping gain will be marginal because the length of the discovery period is typically long enough, and the channel state will be changed even though the same frequency resource is used between periods and thus the sufficient time diversity gain is already achieved across periods. Therefore, time or frequency only hopping is not necessary for Type 2B discovery.  
Proposal 2: For Type 2B discovery, the parameter c is fixed to 1.

Proposal 3: Time or frequency only hopping is not necessary for Type 2B discovery.
2.3. Usage of multiple resource pools
In RAN1 #78, it was agreed that up to four resource pools can be configured for discovery. The multiple resource pools can be used for multiple purposes. Firstly, the multiple pools can be configured to differentiate public safety (PS) pool with non-PS (N-PS) pool. PS discovery may have different requirements with non-PS in terms of range, delay, and reliability. In RAN1 #78, it was agreed that a discovery resource consists of 2 contiguous PRB in frequency regardless of the service type. Also within a resource pool the number of repetition is the same for the all UE transmitting discovery signal in that resource pool. In the situation that resource format and resource selection method are the same between PS and N-PS, it may be hard to fulfill the different requirement for different service types (i.e. PS and N-PS). In this case, the separation of resource pool between PS and N-PS is the only way. 

Secondly, the multiple resource pools can be used to differentiate discovery range classes. As discussed in [78-01] LS on ProSe provisioning parameters, different power control parameters can be configured for different discovery range classes. In a different way, separate resource pools between different range classes can be configured. For example, one resource pool can be configured for long range classes by configuring sufficient size of resources to mitigate in-band emission interference and to avoid resource collision between UEs, whereas the other resource pool can be configured for short range class. In the short range class resource pool, the interference level will be much higher than that of the resource pool of the long range class, but the resource pool size can be sufficient to detect a short range discovery signal.

Thirdly, the multiple resource pools can be used to mitigate in-band emission effect by time domain resource coordination as discussed in [1]. In-band emission affects D2D discovery performance significantly. When a UE receives discovery signals in a subframe but if there is a discovery signal transmission arrived with much higher power in a different set of RBs, other discovery signals in the different set of RBs may not be decodable. To reduce the impact on discovery performance, closely located UEs transmit its discovery signal in a same time. In other words, multiple pools are separately configured in time domain, and closely located UEs use one of resource pools. To implement such UE grouping, RSRP based resource grouping can be considered. In RAN1 #77 meeting, it was agreed that open loop power control mechanism is supported for Mode 2 communication, Type 1 and Type 2 discovery. Open loop power control for discovery signal transmission is to reduce the in-band emission interference from discovery signals to WAN. However, as shown [2], there is large discovery range difference between cell edge UE and cell center UE when open loop power control is used for discovery signal transmission. We observed that the cell center UE reduces its transmission power of discovery signal overly, so that the cell center UE is rarely found. In other words, if power control is adopted in discovery signal transmission, a method to minimize discovery coverage difference between cell edge UE and cell center UE should be adopted. To mitigate the coverage difference further, eNB can configure more retransmissions for the discovery resource pool of the low transmission power UEs to compensate the coverage loss from the lower transmission power. As a different approach, transmit power based time domain resource grouping is also possible. If a high transmit power UE and a low transmit power UE are multiplexed in a same subframe, the low transmit power UE’s signal suffers from the in-band emission interference of the high power UE’s signal. To mitigate the performance degradation due to the in-band emission, similar UE grouping method can be used. For this operation, transmit power threshold (or range) per resource pool can be configured by network. The following parameters per discovery resource pool can be signaled by network: 1) RSRP threshold, or 2) transmission power threshold. UEs can select a resource pool based on its RSRP or transmit power.
Proposal 4: Multiple resource pools can be used for 1) differentiating PS and N-PS, 2) differentiating discovery range classes, 3) mitigating in-band emission interference with time domain resource coordination. 
Proposal 5: To mitigate the in-band emission impact on discovery performance, time domain resource grouping should be supported. For the time domain resource grouping, the following parameters per discovery resource pool can be signaled by network: 1) RSRP threshold, or 2) transmission power threshold.
3. Conclusion
This contribution discussed remaining issues on on resource allocation and repetition transmission for discovery. Our proposals are summarized as follows:
Proposal 1: Contiguous transmission within a discovery period is supported for Type 1 and Type 2B discovery. 
Proposal 2: For Type 2B discovery, the parameter c is fixed to 1.
Proposal 3: Time or frequency only hopping is not necessary for Type 2B discovery.
Proposal 4: Multiple resource pools can be used for 1) differentiating PS and N-PS, 2) differentiating discovery range classes, 3) mitigating in-band emission effect by time domain resource coordination. 
Proposal 5: To mitigate the in-band emission impact on discovery performance, time domain resource grouping should be supported. For the time domain resource grouping, the following parameters per discovery resource pool can be signaled by network: 1) RSRP threshold, or 2) transmission power threshold.
______________________________________________________________________
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