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1. Introduction

At the RAN1#74bis meeting, the following working assumption was concluded.

· Discovery uses a sequence plus message

· It is FFS whether the sequence may be the demodulation RS of the message

· For the message

· PUSCH structure is reused
· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used, FFS between Rel. 8 turbo and tail-biting convolutional codes

· Rate matching is used for bit size matching and possibly for generating multiple transmissions

· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not

· PUSCH DM-RS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS

· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

The PRB size of a discovery message is a crucial issue that may have great impact on the design of the message format and discovery performance. There were some related discussions in the last RAN1 meeting [1]. This contribution evaluates the performance of D2D discovery given different PRB sizes for the discovery message using system level simulations, for type 1 discovery. Furthermore, the performance of varying repetition periods to send discovery messages for type 1 discovery is evaluated. The discussion focuses on the general scenario within NW coverage.

2. Evaluation of Discovery Message Sizes 

The simulation assumptions and employed channel model are shown in Table I and Table II in the Appendix. For type 1 discovery, the following were concluded at the RAN1#74bis meeting.

· 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

As shown in Fig. 1(a), we assume that K sub-frames are allocated as discovery resources for all the UEs every T sub-frames, and in each sub-frame there are N PRB pairs available for discovery resources. Each individual discovery message transmission resource may occupy 1 PRB pair or 2 PRB pairs. TTI bundling is assumed when using 2 PRB pairs to send the discovery message, as shown in Fig. 1(b).
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Figure 1. Assumptions regarding discovery resources.
At the RAN1#74 and RAN1#74bis meetings, it was concluded as working assumptions that a 104 bit discovery message is used for evaluation, and a 16 bit or 24 bit CRC is inserted. Assuming that QPSK modulation is used, 1/2 coding rate would be needed if each discovery message occupies 1 PRB pair, and 1/4 coding rate would be needed if each discovery message occupies 2 PRB pairs.

In Fig. 2, the average number of discovered UEs vs. the number of discovery periods is shown. Both the results of 1 PRB pair and 2 PRB pairs of discovery messages are shown with different numbers of subframes in each period. Random resource selection is assumed, that is, each UE randomly selects a transmission resource to send the discovery message in each discovery period, and listens otherwise.
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Figure 2. Avg. number of detected UEs vs. number of discovery periods, with different PRB sizes for individual messages and different amounts of overall discovery resources.

Figure 2 shows that when the amount of discovery resources is relatively large, i.e., when [N, K] = [44, 64], the performance when each individual message occupies 2 PRB pairs is better. However, when the amount of discovery resources is decreased, i.e., when [N, K] = [44, 32], the discovery latency performance when each individual message occupies 1 PRB will be better. On the one hand, a larger transmission resource size for the individual discovery message will have a lower discovery SINR target. A larger transmission resource size for the individual discovery message would make the overall discovery resources more congested and thus more interference will be incurred. Therefore, the transmission resource size of the individual discovery signal should be jointly considered with the overall size of the allocated discovery resources given the number of D2D UEs.

Observation 1: A larger individual discovery message transmission resource size is more beneficial with a larger amount of overall discovery resources given the number of D2D UEs.

Observation 2: For type 1 discovery, the individual discovery message transmission resource size needs to be jointly considered with the overall size of the allocated discovery resources given the number of D2D UEs.

3. Evaluation of Repetition Periods for D2D Discovery Transmission
For type 1 discovery, discovery resources are allocated on a non-UE specific basis. UEs may autonomously select resources to broadcast the discovery signal at a certain time period and listen to the discovery signal from other UEs in other time periods. Uncoordinated transmission may cause interference among discovery signals, and thus degrade the discovery performance. The interference would be severe when UE deployment is dense.

A possible improvement to mitigate the interference among densely deployed UEs is to reduce the repetition period in which UEs broadcast discovery messages. A UE can measure and monitor the utilization of the discovery resources, and prolong the repetition period for broadcasting the discovery signal if an excessive amount of interference exists. The detailed mechanism to measure and monitor the utilization of the discovery resources can be for further study.

Two possible mechanisms are considered to prolong the repetition period in which UEs broadcast a discovery signal.

Alt. 1: UE broadcasts a discovery signal with a repetition period of L discovery periods, and each UE randomly selects a period within L periods to start broadcasting.

Alt. 2: UE broadcasts a discovery signal in each discovery period with given probability p.

In simulation layout option 1 [2], truly indoor UEs are densely deployed, and the distributions of virtual indoor UEs (Annex A of [2]) and outdoor UEs are less dense. Therefore, much interference would exist among discovery signals from truly indoor UEs. In the simulation we arbitrarily set L = 2 and p = 0.5 for each truly indoor UE, and thus the comparison between the two alternatives would be fair. For Alt. 1, each UE would randomly select whether it will start broadcasting from the first discovery period or the second discovery period. The outdoor UEs and virtual indoor UEs would keep broadcasting a discovery message in each discovery period as they do not experience high interference. Other simulation assumptions are the same as those in Section 2 and Tables I and II in the Appendix.
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Figure 3. Number of discovered UEs vs. number of periods, with truly indoor UEs transmitting every period, every alternative period, or with probability p = 0.5 every period.

In Fig. 3, we compare the number of discovered UEs vs. the number of discovery periods between the two alternatives and the original random selection (where a truly indoor UE transmits every discovery period). According to the observation derived in Section 2, the individual discovery message transmission resource is set as 1 PRB pair when [N,K] = [44,32], and as 2 PRB pairs when [N,K] = [44,64]. We observe that both alternatives can outperform the original frequent transmission scheme after five discovery periods. Furthermore, Alt. 1 achieves better discovery latency performance than Alt. 2.

Observation 3: For type 1 discovery, the discovery performance is improved by adjusting the repetition period for the UE sending discovery signals according to the congestion status.

Observation 4: Adjusting the repetition period yields better latency performance than setting the transmission probability.
Therefore, we propose the following.

Proposal 1: The repetition period of the UE broadcasting discovery signal should be adjustable based on the discovery resource utilization.

4. Conclusion

In this contribution, the PRB size of individual discovery signals for type 1 discovery is evaluated based on system level simulations. We observed the following.

Observation 1: A larger individual discovery message transmission resource size is more beneficial with a larger amount of overall discovery resources given the number of D2D UEs.
Observation 2: For type 1 discovery, the individual discovery message transmission resource size should be jointly considered with the overall size of the allocated discovery resources given the number of D2D UEs.

Furthermore, we evaluated the discovery performance by varying the repetition period of the UE broadcasting discovery signal. We observed the following.

Observation 3: For type 1 discovery, the discovery performance is improved by adjusting the repetition period for the UE sending discovery signals according to the congestion status.

Observation 4: Adjusting the repetition period yields better latency performance than setting the transmission probability.
Based on the observations, we propose the following.

Proposal 1: The repetition period of the UE broadcasting discovery signal should be adjustable based on the discovery resource utilization.
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Appendix:

Table I. Simulation Assumptions

	Layout
	Hexagonal grid, 3 sectors per site with 7 macro-sites
Urban macro (500 m ISD) – option 1: 1 indoor hotspot per cell

	Carrier Freq.
	2 GHz, FDD

	System bandwidth
	10 MHz, UL

	Network operation
	In NW coverage

	Network synchronization
	All eNodeBs synchronized

	UE RF parameters
	Tx power of  23 dBm, 1 Tx/ 2 Rx antenna,  Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs for discovery per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.1.0, 80% indoor and 20% outdoor, 100 UEs (2/3 of total) per indoor hotspot

	In-band emission
	[W,X,Y,Z] = [3,6,3,3] dB


Table II. Channel Model
	
	O2O
	O2I
	I2I

	Path loss model
	As offline discussion [73-10a]
	As offline discussion [73-10a]
	InH (36.814) 

	Probability of LOS
	Winner II
	N/A
	ITU-R IMT UMi 

	Shadowing
	LOS: 3 dB lognormal
NLOS: 4 dB lognormal
	7 dB lognormal
	7 dB lognormal


- 1/5 -

[image: image1]