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1 Introduction
During the RAN1#74bis meeting, several agreed working assumptions included using a combination of sequence and message parts for discovery signal, and reusing PUSCH structure for the message. This contribution provides design considerations based on the agreed working assumptions, focusing on the message part. How to multiplex the sequence and the message parts as well as some considerations on the sequence part are briefly discussed.
2 Discovery message part

This section provides general design considerations as the number of bits conveyed in the message part is under discussion between RAN 1 and RAN 2 [5]. 
2.1 Channel coding

2.1.1 Coding scheme
At the last meeting, the decision between Rel-8 turbo and tail-biting convolutional codes was FFS. Table 1 presents a comparison between these codes from different perspectives.
Table 1. Comparison of codes
	Comparison criteria
	Impact on discovery
	Comparison metric
	Turbo codes
	Tail-biting convolutional code

	Performance
	Discovery range
	Eb/N0 for 1% BLER for block size of 100-200 bits in AWGN channel using 1/3 coding rate
	2.1-1.75 dB

(see Figure 3 [3])
	2.5-2.8 dB

(see Figure 10.16 [2])

	Decoding
	Number of discovery signals per discovery subframe
	Number of possible decodings per subframe assuming single carrier
	98
(two codewords with at most 49 code block segments / codeword)
	60

(number of PDCCH blind decodes)

	Overhead
	Discovery message rate loss
	Padding overhead due to message size and interleaver size mismatch
	Depends on message size
	0


Based on the above analysis and considering a few tens of discovery signals (e.g., 10~50 for a subframe containing 50 RBs) transmitted in a subframe, both encoding schemes are feasible. There might be some power saving with convolutional codes, so it is slightly preferred for short discovery message sizes (less than about 200 bits).
Proposal 1: For discovery message size of less than about 200 bits, convolutional code is slightly preferred. 

2.1.2 CRC

In the 74bis meeting, the CRC length was FFS between 16 and 24 bits. The 16-bit CRC is used on the PDCCH while the 24-bit CRC is used for the shared channels. The CRC false alarm rate is on the order of 10-8 for 24-bit CRC and 10-5 for 16-bit CRC. In Table 2 the impact of CRC length on rate loss and on average number of false alarms per discovery period is provided. The CRC size should be selected according to: 
a) message size, which is not yet decided in 3GPP (rate-loss criterion)

b) the number of UEs participating in the discovery process (false alarm criterion).  In practice, there is only one CRC size for discovery. So, a design target maximum number of UEs can be considered as the design parameter.
Table 2: CRC length considerations

	Assumption
	Comparison criteria
	Performance

	100-200 bits message size excluding CRC
	Rate loss 
	16-bit CRC: 14%-7%

	
	
	24-bit CRC: 19%-11%

	100-1000 UEs in discovery range
	Average number of false alarms per discovery cycle
	16-bit CRC: 
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	24-bit CRC: 
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Proposal 2: The CRC length should be selected according to the message size, and a design target maximum number of UEs participating in the discovery process.
2.1.3 Scrambling
Scrambling is used for whitening the signal which is beneficial at both the transmitter and receiver. At the last meeting, whether scrambling is UE-specific was FFS. Note that the scrambling should not be tied to any type of UE-ID as monitoring UEs do not have such information a-priori. From transmitter’s point of view, it is sufficient to obtain the scrambling sequence based on subframe/SC-FDMA symbol/PRB index used for discovery signal transmission. From the receiver’s point of view, a UE-specific scrambling is preferred to exploit interference randomization gain. The scrambling sequence can be derived from the discovery sequence-part of the discovery signal. However, the set of available sequences for UEs to choose from should be limited to avoid number of decorrelation processes. So, multiple UEs may share the same scrambling sequence. 
Proposal 3: Scrambling sequence is derived based on the sequence-part and the location of the discovery signal.

2.2 Modulation

QPSK is preferred as it provides the largest discovery range and also is the most robust modulation scheme.
Proposal 4: Use QPSK for discovery message.

2.3 Reference Signal

It was agreed during the last meeting that PUSCH DMRS is transmitted, and using possible additional RS was FFS. 
One consideration to have additional RS is in case of collision of two discovery signals. If discovery signals from UE1 and UE2 collide, it is possible that at least one of the discovery messages could be decoded if channel estimation were perfect. However, when DMRS of UE1 and UE2 collide, demodulation performance is affected. In addition, for soft combining of the discovery signal over multiple discovery periods, improving channel estimation accuracy is desirable. Note that the discovery sequence-part may be utilized to improve channel estimation performance, so it is suggested to consider additional RSs only after observing discovery sequence-part (maybe in addition to the existing RSs) is not sufficient for the purpose of channel estimation for discovery.
Proposal 5: Study the impact of using the discovery sequence-part in demodulation.
3 Multiplexing message and sequence parts
Two options are considered in the following:

· Option 1: TDM between sequence-part and message-part
· Advantage: higher power-spectral density (longer discovery range), the sequence-part may have better channel estimation capabilities; lower cubic metric

· Option 2: FDM between sequence-part and message-part
· Advantage: better with respect to in-band emission
As in-band emission can be taken care of by other mechanisms such as power hopping, option 1 is preferred.

Proposal 6: Discovery-message and sequence parts are multiplexed in time.

4 Discovery sequence

Based on the pathloss models agreed for the evaluation, it seems that less than 1.5 km is an upper bound on the discovery range per discovery period. RACH preamble format 4 used in TDD mode [4] has a similar range, and therefore seems a suitable sequence to be considered. The sequence occupies 2 symbols and 72 subcarriers. However, for the purpose of discovery, using such a number of resource elements may not be acceptable in terms of overhead. In [6], it is suggested that if sequence transmitted by a UE for discovery is on the same TTI as its discovery message transmission, the sequence should be DMRS. As the DMRS occupies up-to 2 SC-FDMA symbols, the detection performance of this sequence should be studied. 
Proposal 7: The distribution of the sequence-part in time and frequency is FFS.

5 Conclusion
In this contribution, we discussed the discovery signal structure focusing on the message part. The following proposals have been discussed:
Proposal 1: For discovery message size of less than about 200 bits, convolutional code is slightly preferred. 
Proposal 2: The CRC length should be selected according to the message size, and a design target maximum number of UEs participating in the discovery process.
Proposal 3: Scrambling sequence is derived based on the sequence-part and the location of the discovery signal.
Proposal 4: Use QPSK for discovery message.
Proposal 5: Study the impact of using the discovery sequence-part in demodulation.
Proposal 6: Discovery-message and sequence parts are multiplexed in time.
Proposal 7: The distribution of the sequence-part in time and frequency is FFS.
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