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1. Introduction
In RAN 1 #77 meeting, following agreements and working assumptions about Type 1 discovery were made:
Agreement: 

· 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.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)

Agreement:

· Open loop power control mechanism is specified for in-coverage UEs for Mode 2 communication and Type 1 and Type 2 discovery

· Values of P0 and alpha are signalled by higher layers (let RAN2 decide details)

· Different values of P0 and alpha can be used for Type 1 discovery, Type 2 discovery, and communication

· One of the values of alpha available is 0.

· Values of P0 and alpha that lead to transmission at Pcmax by all UEs are supported

Working assumption:
· 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
· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.
· FFS: Receiver behavior

This contribution discusses remaining issues on resource allocation for Type 1 discovery.
2. Time  domain resource grouping
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 this impact, closely located UEs transmit its discovery signal in a same time. In other words, closely located UEs form a group to use same time resource, and the other UE groups use different time resource. For such time coordination, UE grouping method should be devised. As one simple grouping method, a cell-specific UE grouping method can be considered. To be specific, a set of subframes is configured for cell-specific discovery resource pool and UEs in same cell transmits their discovery signals in the cell-specific discovery resource pool. Other cell’s discovery resource pools are only used for reception pool.  To implement the cell specific resource grouping, multiple resource pools in different subframes are configured and each discovery resource pool has own cell ID or resource pool ID. For this resource pool ID information can be configured via SIB. Detailed signaling methods of multiple pools are discussed in [1]. At least for asynchronous deployment scenario, cell-specific discovery resource configuration is needed, so such signaling is not much burden. For heterogeneous cell deployments, range expansion could be considered to avoid overloaded discovery resource of macro cell. The cell range expansion offset value for each cell can be signaled by SIB or predetermined. 
In RAN1 #76bis, following agreements were made:
Agreements:
· 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
If range expansion for pico cell is applied in heterogeneous deployment, the definition of serving sell should be clarified especially for RRC-idle UEs. If RSRP based cell association for RRC-idle UE without applying the offset is considered, serving cell can be macro cell, but to use small cell’s discovery resource, the UE is required to decode neighboring cell SIB. This operation is conflict with current agreement.  
This RSRP based resource grouping can be also beneficial for the situation where a transmit power control scheme is applied. 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. As one solution, discovery resource groping based on RSRP can be considered. This method is an alternative of cell-specific resource grouping as mentioned earlier. Also eNB can configure more retransmissions for the discovery resource pool of the low transmission power UEs to compensate the loss of transmission power. 
As a different approach, transmit power based time domain resource grouping can also be 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. 
In summary, to implement time domain resource grouping, the following parameters can be signaled by network: 1) Cell ID, or 2) RSRP threshold, or 3) transmission power threshold (or range).  
Figure 1, 2, and 3 show discovery performance comparison between cell-specific grouping and non-grouping for in-outdoor mixture drop, outdoor hotspot drop, and outdoor uniform drop, respectively. 50% and 100% denote the transmission probability in a discovery period. The details of simulation assumptions are summarized in Appendix. A. The simulation results show that cell-specific time domain resource coordination has significant discovery performance gain especially for outdoor UE dropping. In indoor-outdoor mixture dropping case, the performance between grouping and non-grouping is similar. This is because outdoor UE’s signal at indoor UE is suffer from indoor UEs in-band emission. In this case, separate resource pool between indoor UEs and outdoor UEs can be beneficial. This can be implemented by RSRP based resource grouping. In addition, the agreed evaluation model for indoor-outdoor mixture dropping assumes that there is only one building in each sector. However, in real world and dense urban scenario, there may be many buildings in each sector and each build with different RSRP and many outdoor UEs. For that case, time domain coordination will also have significant performance gain like all outdoor case. Therefore, time domain coordination for discovery signal transmission should be supported to mitigate in-band emission impact on discovery performance. We note that this time resource grouping does not increase discovery period, within a period, discovery SFs are grouped for a group of UEs so there is not much latency issue.  
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Figure1 Discovery performance comparison between UE grouping and non-grouping (layout option 1, in-out mixture drop)
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Figure 2 Discovery performance comparison between UE grouping and non-grouping (layout option 3, hotspot drop)
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Figure 3 Discovery performance comparison between UE grouping and non-grouping (layout option 3, uniform drop)

Observation 1: Time domain coordination can mitigate in-band emission impact on discovery performance.   

Proposal 1: 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 can be signaled by network: 1) RSRP threshold, or 2) Cell ID, or 3) transmission power threshold (or range).  
3. Transmission probability control
In Type 1 discovery, the network configures several discovery resource pools for a group of UEs, and there is no additional indication of transmission. Thus, each UE needs to determine its own discovery signal transmission resource in a random manner. A UE first decides whether to transmit the discovery signal for each discovery resource group with a probability p, and if decides to transmit, one resource unit is selected out of the discovery resource group. The transmission probability p determines the overall interference level in the discovery resources, so it substantially affects the discovery time and the number of discoverable UEs. As observed in the evaluation results in [3], a tradeoff relation between the short-term and long-term discoverable UEs can be exploited if the network is able to configure the probability p. In addition, the UE power consumption caused by the discovery signal transmission is also affected by the probability p. For setting suitable transmission probability p for a UE group, some measurement report is necessary. The details of measurement report will be discussed in latter section. 
Proposal 2: For Type 1 discovery, the network configures the transmission probability in consideration of the target discovery range, the tradeoff between short-term and long-term discovery performance, and UE power consumption.
4. Repetition within a 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. Contiguous transmission for the repetition is preferred. 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. When contiguous repetition is adopted, frequency hopping can be applied to obtain frequency diversity gain. In our view, PUSCH hopping pattern can be reused with modification of some parameters. Hopping pattern and parameter setting are discussed in [4].

Proposal 3: Contiguous retransmission within a discovery period is supported for Type 1 discovery. 
5. Measurement report

To determine Type 1 discovery resource pool configuration parameters such as discovery period, resource pool size, or to determine UE-operation related parameter such as open loop power control parameters, transmission probability, the number of retransmission for a given resource pool, or to evaluate whether the configured parameters are suitable or not, some UE measurement report should be supported. For example, discovery signal reception quality parameter such as SINR and BLER and discovery resource utilization metric such as uplink RSRQ or uplink RSSI can be reported by UEs. Based on these measurement reports, the network can configure the resource parameters suitably. If the reported quality is too bad in a given discovery resource configuration, the network can configure more discovery resources or indicate to reduce the transmission probability of discovery signal or to increase transmission power for the discovery signal if the dedicated power control is possible. 
Proposal 4: UL signal measurement report should be supported for the following purposes:

1) To determine discovery resource pool configuration

2) To determine UE-operation related parameter such open loop power control parameters, transmission probability, the number of repetitions
3) To evaluate whether the configured parameters are suitable or not. 

6. Conclusion
This contribution discussed remaining issues on resource allocation for Type 1 discovery. The observations and proposals are summarized as follows:
Observation 1: Time domain coordination can mitigate in-band emission impact on discovery performance.   
Proposal 1: 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 can be signaled by network: 1) RSRP threshold, or 2) Cell ID, or 3) transmission power threshold (or range).  
Proposal 2: For Type 1 discovery, the network configures the transmission probability in consideration of the target discovery range, the tradeoff between short-term and long-term discovery performance, and UE power consumption.
Proposal 3: Contiguous retransmission within a discovery period is supported for Type 1 discovery.
Proposal 4: UL signal measurement report should be supported for the following purposes:

1) To determine discovery resource pool configuration

2) To determine UE-operation related parameter such open loop power control parameters, transmission probability, the number of repetitions
3) To evaluate whether the configured parameters are suitable or not. 
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Appendix A. Evaluation assumption
	 
	General Scenarios

	LTE Layout
	· Option 1, 3 for figure 2a, 2b, 2c, option 3 for figure 3
· Urban macro (500m ISD)

	Carrier Frequency
	· 2GHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD

	UE mobility
	3 km/hr

	UE RF parameters
	· Max transmit power of 23 dBm
· 1 Tx, 2 Rx antenna

	Total number of UEs for discovery  per cell
	150

	UE drop for all UEs, for discovery evaluations
	For layout option 1: In-out mixture drop 

For layout option 3: Hotspot drop (figure 2) & uniform drop (figure 3)

	Wraparound
	Modelled

	In-band emission
	Modelled

	Discovery signal BLER
performance
	Information bits 
	104bits

	
	Frequency offset
	200Hz

	Discovery resource period
	1 sec

	Number of discovery resource groups per period in figure 2
	Each discovery resource period consists of 9 contiguous subframes. 9 subframes are further divided into 3 groups when resource grouping is applied. One group consists of 3 contiguous subframes. A UE in ith cell transmits its discovery signal in mod(i,3)th discovery resource group. 

	Open loop power control parameter for discovery transmission in figure 3
	P0=-92, 𝛂=1
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