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1 Introduction
At RAN1#73b, three types of D2D discovery from discovery resource allocation perspective were introduced:

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· 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

These discovery types have different characteristics, especially type-2A and type-1/type-2B. In this contribution, we compare the power consumption and discovery delay of type-1 vs. type-2A. It is shown that these discovery types are complementary, and all should be considered for standardization.
2 Power consumption model
The power consumption model was agreed at RAN1#73 and is described in [1]. The main assumptions are summarized below:
· Sleep power = 0.01 units per subframe

· RX Power = 1 unit per subframe

· TX power: 20 units per subframe for 31 dBm, 1 unit for 0 dBm and below, with linear scaling in between

In addition, the paging cycle is set at 1.28 s.
3 Type-1 Analysis

In this section, we evaluate the power and delay incurred with type-1 discovery.

3.1 Model
The simulation assumptions are compliant with [1]. In particular, we assume 150 UEs per cell. 44 PRB pairs are assumed to be available per discovery subframe to reserve space for legacy UEs transmitting PUCCH. Each discovery cycle is assumed to include 72×NPRB subframes, where the duration of each discovery cycle is defined as a set of discovery subframes with each UE participating in the discovery process transmitting only once. Since the discovery message size is not precisely known at this stage, we assume that the number of occupied PRBs, NPRB, by the discovery signal is 1, 2, or 4. It is assumed that the discovery signal is transmitted on a single subframe per discovery cycle.

The discovery cycle is varied from 1.28 s to 10.24 s. The shorter the discovery cycle, the smaller discovery delay is. To compute P, the power consumed in units per discovery cycle, we have:
P=Psync+PTX+PRX+Ppaging+Psleep,

where: 

· Psync is the necessary power to synchronize: Psync=8×ceil(Ndisc/500), and Ndisc is the total number of subframes per discovery cycle. The formula is derived from the assumption that the UE has to accumulate 8 subframes, and that the synchronization is valid for 0.5 s (500 subframes).
· PTX is the power to transmit the discovery signal. Since the UE transmits on only one subframe per discovery cycle, PTX is 20 for 31 dBm, and 4 for 23 dBm.

· PRX is the power to receive the discovery signals.  PRX=(72×NPRB(1)×1
· Ppaging is the power to receive the paging channel: 1 unit to monitor the paging channel every 1.28 s. 

· Psleep is the power when in sleep mode (0.01 units per subframe). It is assumed that on any subframe where the UE is not synchronizing, checking the paging channel, transmitting or receiving the discovery signal, the UE is in sleep mode.
With this, we obtain the following table for a UE transmit power of 23 dBm:
Table 1. Type-1 discovery resource overhead and power consumptions vs. discovery delay
	Discovery cycle(s)
	Resource overhead
	Power consumption (unit)

Per second

	
	NPRB =1
	NPRB =2
	NPRB =4
	NPRB =1
	NPRB =2
	NPRB =4

	1.28
	5.6%
	11.3%
	22.5%
	87.4
	143.1
	254.4

	2.56
	2.8%
	5.6%
	11.3%
	58.4
	86.2
	141.9

	5.12
	1.4%
	2.8%
	5.6%
	42.3
	56.2
	84.1

	10.24
	0.7%
	1.4%
	2.8%
	34.3
	41.2
	55.2


As listed in Table 1, there is clearly a trade-off between power consumption and discovery delay. A shorter discovery cycle results in quicker discovery, but the power consumption and the discovery resource overhead will increase at the same time. For a discovery cycle of 1.28 s, the discovery resource overhead is 5.6%. Increasing the discovery cycle to 10.24 s reduces this overhead to less than 1%, and almost reduces the power consumption by a factor of 3 when the discovery signal uses one PRB.
Observation 1: Type-1 discovery is slow. Discovery delay can be improved, but results in high overhead and high power consumption.
Note that in addition, the UE may need to report the result of discovery to the network. This requires the UE to enter RRC_Connected mode before transmitting the report. Since this operation is not technically part of the discovery process, it is omitted.
4 Type-2A Analysis

For type-2A, the procedure is different and is as follows:

· The eNB sends a message to the UE to evaluate its proximity of other UEs

· The UE establishes proximity by measuring signal power

· The UE transmits its discovery signal

As it was the case for type-1 discovery, the UE may need to report the discovery results. This is not considered here.

The UE has to be in the RRC_Connected state to perform type-2A discovery. Consequently, the only additional operation for the UE is to transmit on one subframe. This action may actually be not even necessary if the UE has some UL signal to transmit. In some cases, the UE may be the one requesting to measure proximity, resulting in one additional transmission. In addition, the delay is minimal: the UE receives the DCI, performs the measurements as quickly as 4 subframes later, and can transmit its discovery signal the next subframe. While the actual delay depends on many factors, such as traffic demand on the UL, the discovery time can be extremely fast, i.e., lower than 10 ms.
Observation 2: when in RRC_Connected mode, the additional power consumption of type-2A is negligible and the discovery delay is very small (lower than 10 ms)
In essence, what this means is that a UE in RRC_Connected mode can identify its neighbors that are in RRC_Connected mode with a negligible increase in power consumption and in a very short amount of time. 

Let us now consider a UE in RRC_Idle mode performing type-2A discovery: the eNB needs to do the following:

· Switch the UE from RRC_Idle to RRC_Connected mode. Assuming 3 transmissions, and an 80 ms process [6], the power consumption is 89 units.

· Perform the operation described above in RRC_Connected mode. Assuming one transmission and 10 ms, the power consumption of this operation is 13 units.

· Switch back to idle mode. We assume no power consumption for this operation.
Thus, the needed power when in RRC_Idle mode is 102 units. 

When in RRC_Idle, the maximum discovery delay is the sum of:

· The time to receive the paging channel (1.28 s with the current assumptions)

· The time to switch to RRC_Connected mode (80 ms)

· The time to perform the discovery in RRC_Connected (10 ms)

The time to perform the discovery in RRC_Connected mode, and to some extent, the time to switch, is negligible compared to the time to receive the paging channel. Thus, we can draw the following observation:
Observation 3: the power consumption of type-2A discovery is 102 units when in RRC_Idle. The maximum discovery delay is dominated by the paging cycle
5 Comparison of type-1 and type-2A

A comparison between type-1 and type-2A can then be performed. Type-1 discovery is performed all the time whereas type-2A discovery is on demand. In this section, we compare the performance of both schemes.

For type-1, we assume that the discovery signal is 4 PRBs, and the discovery cycle 1.28 s. The power consumption is 254.4 units per second. For a given amount of time, we compute the number of type-2A discoveries that can be performed for the same power consumption. For instance, in 1.28 s, floor(254.4˟1.28/102)=3 type-2A discoveries can be performed. Table 2 shows this value for various time durations

Table 2. Comparison of type-1 discovery and type-2A discovery

	Time duration (s)
	Number of type-2A discoveries that can be performed with the same power consumption as type-1 discovery

	1
	2.5

	60
	149.6

	300
	748.2

	600
	1496.5

	3000
	7482.4


As it can be seen, over short durations of time, type-1 is more effective since more discoveries can be performed for the same power consumption. However, as time grows, type-2A becomes more power efficient, especially if the number of UEs participating in the discovery process is relatively small. In addition, type-1 discovery needs to run all the time, whereas type-2A discovery is on-demand.

Observation 4: type-2A discovery is more efficient when the number of UEs participating in the discovery process is relatively small

Based on this power and delay analysis, we can see that type-1 and type-2A discoveries are complementary: type-1 is well suited for large number of discoveries, where power consumption and/or delay are not of concern: thus, it makes type-1 attractive for discovering services and advertisers (e.g., restaurants, stores, etc.). It is also useful to discover any neighbor (open discovery). On the other hand, type-2A is more suited for cases where it is better not to transmit all the time, when the number of discoveries is small enough, and when power consumption and/or delay are of concern. It is therefore well suited to discover a list of UEs (e.g., Facebook friends, IM buddies) since their number is likely to be relatively small, and power consumption is an issue. Fast discovery is useful e.g., for offloading a cellular link as a D2D link. Therefore, it is very beneficial to support both type-1 and type-2A due to their complementary features.
Proposal 1: both type-1 and type-2A are supported since they are complementary
6 Further improvements
As it has been seen, the power consumption of type-1 discovery can be significant, especially if the discovery has to be always on. While not described here, type-2B is affected by the same problem. In order to reduce the power consumption, the discovery cycle length can be increased. This also increases the discovery time, which may not be acceptable for some UEs and services. One possible solution is to modify type-1 and type-2B to make them aperiodic. This can be supported by extending the paging channel to notify all the UEs that will need to make a proximity determination during the next paging cycle. If a UE is paged, it then performs discovery. If not, it does not perform discovery during that paging cycle. The discovery signal is transmitted only when the discovery signal is needed (triggered). After triggered, the UE can transmit the discovery signal once or multiple times to increase the probability of detection. Such aperiodic transmission has the potential to both reduce power consumption and discovery delay. Thus we propose the following:
Proposal 2: aperiodic discovery is supported
7 Conclusions

This paper discussed the power consumption, the resources overhead, and the discovery delay for the discovery procedure. It was shown that type-1 and type-2A complement each other nicely. Furthermore, aperiodic discovery was discussed which can significantly improve discovery efficiency. The following observations were made:
· Type-1 discovery is slow. Discovery delay can be improved, but results in high overhead and high power consumption
· When in RRC_Connected mode, the additional power consumption of type-2A is negligible and the discovery delay is very small (lower than 10 ms)
· The power consumption of type-2A discovery is 102 units when in RRC_Idle. The maximum discovery delay is dominated by the paging cycle

· Type-2A discovery is more efficient when the number of UEs participating in the discovery process is relatively small
The following proposals are made:

· Both type-1 and type-2A are supported since they are complementary
· Aperiodic discovery is supported
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