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1. Introduction
In RAN 1 #74bis meeting, following working assumption about D2D discovery were made: 

Working assumption for the purpose of further evaluation:

· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs

· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM 

· All individual discovery message transmission resources are the same size

· Study power consumption of RRC_Idle UEs when considering resource allocation for discovery 

This contribution addresses the methods of resource allocation and UE behavior for D2D Discovery.

2. Discovery resource configuration
2.1. Basic unit of a discovery signal
The message size of a discovery signal has not been determined yet. If the message bit size of a discovery signal is several hundreds, multiple PRBs should be taken for one discovery signal unit to ensure sufficient coding rate. There are several ways to allocate multiple PRBs, e.g. time or frequency or time and frequency domain. In general, allocating multiple PRBs in time domain for one discovery signal is beneficial in terms of the energy combining gain which is essential in the noise-limited scenarios. Also AGC training period can be inserted in the first subframe only among multiple subframes of one discovery signal unit. This will lead to increase the number of available REs for discovery data mapping. However, in TDD, allocating multiple contiguous subframes for discovery signal may not be always possible due to the limited UL resources. On the other hand, taking multiple RB pairs in frequency domain can be useful in mitigating the interference caused by the inband emissions in the interference-limited scenarios. Therefore, suitable PRB allocation for a discovery signal should be further studied for a given discovery message size. 
In defining the discovery resource unit, some frequency hopping allocation can be considered. This can be implemented by using the slot hopping of the current LTE PUSCH, and if multiple subframes are used, frequency hopping across subframes can be additionally considered. Such frequency hopping allocation can be effective in getting the frequency diversity gain as well as in alleviating the in-band emission problem. If slot and/or subframe hopping is applied, each slot and/or subframe has different inband emission interference and averages its inband emission interference especially for so-called EVM shoulder and I/Q image.

Proposal 1: Further study is needed on the detailed allocation of multiple RB pairs to make a discovery signal, and the aspect of frequency resource hopping needs to be considered.
2.2. Discovery signal transmission opportunity and UE power consumption
As captured in the working assumption, power consumption of RRC_Idle UEs is an important aspect in D2D discovery design. To assess this power consumption, we consider the discovery resource configurations illustrated in Figure 1. One discovery resource group is an aggregation of NRU discovery resource units (Figure 1 is assuming one subframe length of each discovery resource unit. NG discovery resource groups periodically appear once in each discovery resource period PD. We denote by p the discovery signal transmission probability of a UE at a discovery resource group, and we assume that a UE transmits its discovery signal only once by randomly choosing a discovery resource unit if it decides to transmit in a discovery resource group.
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Figure 1. An illustration of D2D discovery resource configuration.
Table 1 shows the average UE power consumption per subframe for D2D discovery in various discovery resource configurations. The number in the parenthesis is the power consumption normalized by that for PD=0.5 sec. The discovery resource overhead is fixed to 2% which means that 2 subframes out of 100 subframes are allocated to D2D discovery in average. The discovery resource group size is fixed to 10 subframes and the power consumption is calculated with varying the transmission probability and the discovery resource period. Fixing the resource overhead means that NG/PD is constant, so increasing discovery resource period PD leads to a larger number discovery resource groups per period NG. Discovery subframes in a period are assumed to be contiguous, and to reflect the power consumption for synchronization, we assume that the UE monitors additional 8 DL subframes before the beginning of each discovery resource period. We have the average power consumption as follows:

The average power consumption = discovery rx power + discovery tx power + rx power for synchronization with WAN + sleep power 
= {(p*9 + (1-p)*10)*NG*1 unit + p*1*NG*4 unit + 8*1 unit + (PD - 10*NG - 8)*0.01 unit}/PD 
Table 1. Average power consumption for D2D discovery
	Discovery resource period PD
	Number of discovery resource groups per period NG
	Transmission probability p per discovery resource group

	
	
	20%
	50%
	100%

	0.5 sec
	1
	0.047 (1.000)
	0.049 (1.000)
	0.052 (1.000)

	1 sec
	2
	0.039 (0.830)
	0.041 (0.837)
	0.044 (0.846)

	2 sec
	4
	0.035 (0.745)
	0.037 (0.755)
	0.040 (0.769)

	4 sec
	8
	0.033 (0.702)
	0.035 (0.714)
	0.038 (0.731)


From this table, we can observe that UE battery saving effect can be exploited by increasing the discovery resource period, equivalently by increasing the number of discovery resource groups per period. As the resource overhead is fixed in this calculation, no performance difference is expected among the compared resource configurations at least in terms of the long-term performance. Therefore, we propose to exploit this power saving effect by using the resource configuration illustrated in Figure 1.
Observation 1: An RRC_Idle UE consumes less power if it transmits discovery signal several times after wakes up from a long sleep state. 
Proposal 2: Multiple transmission opportunity should be allowed for each UE in a discovery resource period. Resources in each period can be partitioned into multiple groups, and the number of each UE’s transmission within a discovery resource group can be limited to one.
3. Discovery resource allocation to each UE
This section discusses details of the two discovery types defined as follows:
· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis
· Note: Resources can be for all UEs or group of UEs
· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis
· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

3.1. Type 1 discovery
In Type 1 discovery, the network configures a set of discovery resource units for all UEs or a group of UEs, and no additional resource indication is performed. Thus, each UE needs to determine its own discovery signal transmission resource in a random manner. If we use the discovery resource configuration explained in Section 2.2, 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 will be observed in the evaluation, 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. 
The transmission power for the discovery signal can be also configured by the network because it affects the discovery range and the inter-cell interference level. As dedicated power control is not possible, it is reasonable to configure a fixed transmission power for the discovery signal. The other parameters like RS sequence can be configured by the network as well.
To determine type 1 discovery resource configuration parameters such as discovery period, group size, frequency resource size and a discovery signal unit size, or to determine discovery resource accessing parameters in type 1 discovery such as transmission power, transmission probability for a given resource configuration, or to evaluate whether the configured parameters are suitable or not, some UE measurement report can be beneficial. For example, discovery signal reception quality such as SINR and BLER and discovery resource utilization metric such as RSRP and RSRQ (RSSI) can be reported by UEs. Based on the measurement report, the network can configure the 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. 
UEs receiving the discovery signal transmitted according to Type 1 discovery are unaware of which UE transmits in which resource. So, each receiver UE needs to blindly decode the discovery message without any knowledge. Here, the number of decodable discovery signals in each discovery subframe could be limited like the limitation of the number of PDCCH/EPDCCH blind decoding due to the limited UE processing capability. If a fixed length of convolutional code is adopted for the discovery signal coding scheme, the number of discovery signal blind decoding is similar to the number of PDCCH blind decoding. A UE may implement an energy-detection mechanism to allocate the limited blind decoding capability only to the discovery resources that are likely to deliver actual discovery signal transmissions.
Proposal 3: For type 1 discovery, each UE randomly decides whether to transmit discovery signal in each discovery resource group. The network can configure the probability in consideration of the target discovery range, the tradeoff between short-term and long-term discovery performance, and UE power consumption.
Observation 2: For type 1 discovery resource and UE behavior configurations, UE measurement report to the network can be beneficial. 

3.2. Type 2 discovery
Type 2 discovery can be advantageous in that the network can avoid the multi-UE collision problem. Type 2B discovery can be based on the current UL SPS procedure. The transmitter UE is configured with the discovery resource by higher layer signaling, and the activation and release of the transmission resource is controlled by (E)PDCCH. We note that the high layer configuration part can be the similar to Type 1 discovery resource configuration, and potential RAN1 specification impacts can include
· Defining DCI and relevant search space to activate and release the discovery resource
· Signaling between eNB and UE to confirm the resource activation and release

The potential drawback of Type 2B discovery is that it requires more signaling overhead and UE power consumption because a UE needs to be in the RRC_Connected state to be provided with the per-UE resource configuration from the network. However, it is possible to apply Type 2B discovery in RRC_Idle state depending on the details of high layer procedure; network provides discovery resource in RRC_Connected state and the UE applies the provided resource in RRC_Idle state [2]. In this case, the system can take advantage of the power and signal efficiency of RRC_Idle mode while exploiting the collision-free nature of Type 2B discovery. 

Triggering Type 2A discovery can be similar to the aperiodic SRS mechanism, but its usefulness needs to be considered further in consideration of the required signaling overhead.

One consideration point in Type 2 discovery is whether the resource allocation information is delivered to the receiver UEs. If delivered, the receiver UE can limit the discovery message search so that the false detection probability is reduced and UE battery can be saved. If higher layer signaling is used for this purpose, it can be interpreted as the indication of the candidates for Type 2 discovery signal transmissions. If physical layer signaling is used, it can be interpreted as the indication of the actual Type 2 discovery signal transmissions. If no information is delivered to the receiver UEs, the reception procedure will be the same as that in Type 1 discovery case.
Another consideration point for Type 2B discovery is half duplex problem that is also an issue for Type 1 discovery. A predetermined time resource hopping method in each discovery period in [3] and a predetermined hopping pattern by changing the frequency-domain order to the time-domain order in each period in [4] were proposed to minimize the number of required discovery periods until a certain UE has different transmission timing from all other UEs at least once. However, these resource hopping methods may not solve the half duplex problem for arbitrary resource configurations. To handle the half duplex problem simply, a random muting can be applied to listen the other UE’s discovery signal. The loss of opportunity for the muting period can be compensated by using type 1 resource. For example, if a UE mutes in a certain resource in Type 2B discovery to listen other UE’s discovery signals, the UE becomes eligible to use the type 1 resource to recover the loss of transmission opportunity. 
Proposal 4: Resource allocation for type 2B discovery is based on the principle used for UL SPS.
Proposal 5: Random muting can be applied to resolve half duplex problem in D2D discovery. The reduced transmission opportunity for the muting resource can be compensated by using other type discovery resource. 
4. Evaluation results
Figure 2 shows the number of discoverable UEs in time. In all evaluations, we assume that the discovery resource period PD = 1 sec, the number of discovery resource groups per period NG = 2, and each discovery resource group consists of 10 contiguous subframes. The other assumptions are summarized in Appendix A.
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Figure 2. Number of decoded discovery signals vs. time
We first compare 1 RB discovery signal unit with 2 RB discovery signal unit. For the evaluation of the 2RB discovery signal unit, consecutive allocation in frequency domain is assumed. For fair comparison in terms of the resource usage, the transmission probability of 2-RB unit is set to a half of that of 1-RB unit. We can observed that discovery signal with 2RB generally outperforms 1RB allocation in terms of the number of long-term discoverable UEs. The 2RB allocation has advantageous for lower coding rate and lower inband emission interference than those of 1RB allocation, but the number of effective discovery resources is reduced. The evaluation results imply that the robustness of discovery signal dominates the performances. Also we observe that there is a tradeoff between the saturated number of discovered UEs and the initial increment of the discovered UE according to the change of transmission probability. The transmission probability determines the average interference level and discovery range in discovery. With a low transmission probability, a large discovery range is achieved due to the low interference level, but the number of initially discovered UEs can be small since there are not much UEs transmitting discovery signal within discoverable range. On the other hand, for a higher transmission probability, the number of initially discovered UEs can be larger since the number of discovery signal transmitting UEs within discoverable range is larger, but the saturated number of discovered UEs would be decreased because the discoverable range is reduced due to the higher interference environment.
Observation 3: For 104 bits of discovery signal information size, discovery signal with 2RB outperforms 1RB allocation in terms of the number of long-term discoverable UEs.
Observation 4: There is a tradeoff between the saturated number of discovered UEs and the initial increment of the discovered UE according to the change of transmission probability.

Observation 5: In terms of the saturated number of discovered UEs, a lower transmission probability renders a larger discovery range.
5. Conclusion
This contribution discussed several aspects of D2D discovery resource allocations. The following was observed from the evaluation
Observation 1: An RRC_Idle UE consumes less power if it transmits discovery signal several times after wake up from a long sleep state. 

Observation 2: For type 1 discovery resource and UE behavior configurations, UE measurement report to the network can be beneficial. 
Observation 3: For 104 bits of discovery signal information size, discovery signal with 2RB generally outperforms 1RB allocation in terms of discovery range and number of discoverable UEs.
Observation 4: There is a tradeoff between the saturated number of discovered UEs and the initial increment of the discovered UE according to the change of transmission probability.

Observation 5: In terms of the saturated number of discovered UEs, a lower transmission probability renders a larger discovery range.
and these observations lead to the following proposals:

Proposal 1: A discovery signal should be comprised of multiple RB pairs. Further study is needed on the detailed allocation of multiple RB pairs to make a discovery signal, and the aspect of frequency resource hopping needs to be considered.
Proposal 2: Multiple transmission opportunity should be allowed for each UE in a discovery resource period. Resources in each period can be partitioned into multiple groups, and the number of each UE’s transmission within a discovery resource group can be limited to one.
Proposal 3: For type 1 discovery, each UE randomly decides whether to transmit discovery signal in each discovery resource group. The network can configure the probability in consideration of the target discovery range, the tradeoff between short-term and long-term discovery performance, and UE power consumption.
Proposal 4: Resource allocation for type 2B discovery is based on the principle used for UL SPS.
Proposal 5: Random muting can be applied to resolve half duplex problem in D2D discovery. The reduced transmission opportunity for the muting resource can be compensated by using other type discovery resource. 
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Appendix A. Evaluation assumption
	Carrier frequency
	2GHz

	Layout
	19 sites, 500m ISD

	System bandwidth
	10MHz

	Total number of UEs
	8550=19*3*150

	UE dropping
	Indoor-outdoor mixed dropping (option 1)

	UE mobility
	3km/h

	UE transmission power 
	23dBm

	Discovery time synchronization
	Perfectly synchronized

	Frequency offset
	200 Hz 

	Number of antennas
	1 Tx, 2 Rx

	Receiver type
	MRC

	Number of available RBs for discovery in each subframe
	50 RB

	Discovery resource determination
	Random resource selection

	Discovery signal format
	Modulation
	QPSK

	
	CP length 
	Normal CP (the first and the last symbols of a subframe is not used, 10 symbols are used for codeword mapping) (refer to [1])

	
	# of RB
	 1 or 2
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