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1. Introduction

At the RAN1#74bis meeting, the following working assumption was concluded [1].

· 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

This contribution discusses some issues of signal design, including PRB size of discovery message and CP length requirement. The discussion focuses on the general scenario within NW coverage.
2. Evaluation of Discovery Message Sizes 

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 RAN1 meeting [2]. In this section, we evaluates the performance of D2D discovery given different PRB sizes for the discovery message using system level simulations, for type 1 discovery. 
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. Two continuous subframes are 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. Average 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.

Proposal 1: 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.
3. CP length
In D2D discovery, the receiver should be able to decode multiple discovery signals from different tramsitters with diffferent arriving time. To avoid inter symbol interference and inter user interference, the CP length should be longer than the timing offset plus multipath delay spread. 
There are two typical cases that current normal CP length may not meet this requirement. One is for type 1 UE discovery. In RAN1#74, the working assumption has been made that any UE that does not have an active timing advance value uses T2=0. In RAN1#75, it has been agreed that if the impact on cellular system is found to be insignificant, RRC_connected UEs will use downlink timing for transmission of their discovery signal in FDD system, and use a fixed value of T2 in TDD system. Hence the timing offset plus delay spread may exceed the length of a normal CP when the transmission range is long, which would degrade the discovery performance. For example, let us assume that two UEs belong to the same serving eNB with the DL timing tracking error of ±0.5 µs [3]. If the maximum multipath delay is 0.41 µs (from EPA model)[4], the discovery range will be no more than 494 m with the normal CP, while the extended CP can support a discovery range with 2294 m. If the maximum excess delay is 5 µs (from the ETU model) [4], there will be ISI with the normal CP length, while the extended CP may support a discovery range of approximately 1605 m.
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Figure 3. Timing for inter-cell discovery with synchronous deployment
Another case is inter-cell discovery. Figure 3 shows a scenario of inter-cell discovery with synchronous deployment. In this scenario, the D2D device UE1 and UE2 are in the coverage of eNB A and eNB B respectively, and they obtain the timing of neighbor cells from its own cell synchronization reference. As can be seen from the figure, the maximum timing offset would be (∆R + D)/c without considering inter-eNB synchronization error, where ∆R = |R1-R2|,  D is the distance between the transmitter and receiver, and R1 and R2 are the distances from the UEs to their camping eNB. The timing offset may be large due to the difference in cell radius among neighboring cells and the inter-eNB synchronization error (maximum 3 µs in TDD systems[5]), and it may exceed the length of a normal CP. 
Based on the above analysis, we propose: 
Proposal 2: Extended CP should be considered as an option for some scenarios, and the CP length of D2D discovery should be configurable.
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.
Proposal 1: 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 discuss the CP length requirement in typical scenarios and propose the following. 
Proposal 2: Extended CP should be considered as an option for some scenarios, and the CP length of D2D discovery should be configurable.
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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
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