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1 Introduction

At the previous meeting (RAN1 #76b), RAN1 received an LS reply from SA2 on discovery message size [1] for information. In this LS reply, it appears that SA2 is considering discovery information sizes of around 200 bits. This is roughly twice the discovery message size assumed by RAN1. This contribution explains why transmitting the discovery information size as being specified by SA2 would result in unnecessary burden on the air interface. In a companion contribution [2], we suggest a draft LS to RAN2 to ask them to reduce the discovery message size.
2 Why the number of bits is excessive
For commercial LTE, SA2 is suggesting a discovery information size of 192 bits, with the bit fields as described in Table 1.

Table 1. Bit fields as specified by SA2 (note: to be finalized)

	Field
	Assessed Length
	Status

	Prose Application Code
	160 bits
	Agreed

	ProSe Function ID
	8 bits
	To be confirmed

	PLMN ID
	24 bits
	Agreed


A common sense analysis makes it clear that the number of bits specified by SA2 could be compressed. For instance, 160 bits for the ProSe application codes implies that more than 1048 possible application codes. As a point of reference, the number of humans on earth is expected to peak at 1010 [3], and it is estimated that there are about 5×1030 bacteria on earth! [4]
It is worth noting that this large number of bits was chosen in order to use a systematic architecture with the understanding that the number of bits was not minimized. However, when transmitting bits over the air, such a need is prevalent. Therefore, we suggest sending an LS to RAN2 requesting solutions to reduce the size of the discovery message transmitted over the air (e.g., using compression, segmentation, etc.).
3 Impact on the air interface if 200 bits are sent over the air
In [4], the number of PRB pairs needed to be allocated for transmitting a discovery message was investigated for several message sizes. The results are summarized in Table 2.
Table 2. Number of PRBs needed for various discovery message sizes
	Target SINR
	32 bits
	64 bits
	128 bits
	256 bits

	0 dB
	2 PRB pairs
	3 PRB pairs
	5 PRB pairs
	8 PRB pairs

	5 dB
	1 PRB pair
	1 PRB pair
	2 PRB pairs
	3 PRB pairs


As it can be seen, for a target SINR of 0 dB, a discovery message size of 200 bits would require approximately 8 PRB pairs, after including CRC and various overheads, and accounting for the fact that additional guard time is needed to account for the variations in timing. This larger size would have severe consequences on discovery performance:

· The higher the number of occupied PRB pairs, the lower the discovery range since the power spectral density of the discovery signal scales down with the occupied bandwidth. With a discovery signal occupying 4 PRB pairs, the power spectral density is 3 dB higher compared to 8 PRB pairs. Therefore, the noise limited discovery range would decrease by approximately 21% (assuming a path loss exponent of 36 dB/decade) using 8 PRB pairs. In light of this, occupying 8 PRB pairs seems excessive. 
· The higher the number of occupied PRB pairs, the lower the multiplexing efficiency. For instance, for a 10 MHz system, it seems reasonable to consider that 44 PRB pairs are available for discovery message transmissions, with the remaining 6 PRB pairs used for PUCCH. With a discovery signal occupying 4 PRB pairs, up to 11 discovery messages can be multiplexed together, with no PRB pairs wasted. With a discovery signal occupying 8 PRB pairs, 5 simultaneous discovery messages can be transmitted while leaving 4 PRB pairs unused.

One possible solution would be to lengthen the discovery message to occupy more than one subframe. However, this increases the impact of the D2D discovery on cellular performance, as explained in [6] since more cellular HARQ processes are affected. Thus, this solution should be considered as a last resort. Before relying to such measures, RAN1 can ask RAN2 for possible solutions to reduce the discovery message size (e.g., compression, segmentation, etc.)
4 Conclusion

In order to have an effective D2D discovery, the number of bits transmitted over the air in a discovery message should be kept low, around 100 bits as previously assumed, or even lower if possible.
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