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1. Introduction
In RAN1 #74bis meeting, SC-FDMA was agreed and would be applicable to all data-carrying physical channels for D2D. Regarding discovery signals, a sequence plus message was agreed as working assumption. Details are cited as follows [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, with:

· 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 DMRS 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

In RAN1 #75 meeting, following agreements on topic of discovery signal were progressed [2]:
· Open and restricted messages are undistinguishable in the physical layer if open and restricted messages have a same size
In this contribution, discovery signal design details will be further discussed based on agreements in RAN1 up till now.
2. Discussion on discovery signal design options
2.1. Sequence related issues
As PUSCH structure will be reused for discovery message transmission, a straightforward design of discovery sequence is to reuse PUSCH DMRS. Thus for discovery signals with 1 or 2 PRBs in frequency, QPSK modulated sequence will be reused as sequence according to LTE specification. However, further details of sequence used for discovery, e.g. cyclic shift, may be different from that of LTE cellular. 

For discovery type 1, a reasonable assumption is RRC_IDLE UEs should be able to transmit and receive discovery signals, which implies that transmitting UEs may determine the resources for discovery signal transmission by themselves, and thus collisions of discovery signals may be inevitable. Considering the orthogonality between DMRS sequence of different cyclic-shifts, cyclic shifting seems to be a natural choice to prevent channel estimation from being too severely degraded by the resource collision.

On the other hand, transmission and reception of discovery signals in idle mode means that blind-decoding is needed. When performing the channel estimation, the UE should first blindly try a few hypotheses of cyclic shifts for DMRS sequence. This would increase the complexity of receiver implementation, especially considering the number of discovery signal that needs to be blindly decoded in a subframe.
From the above discussions, it is seen that discovery sequences should be designed to balance the resource collision probability and the complexity of blind-decoding. For the latter, the numbers for PDCCH blind decoding may serve as a reference
In LTE, 30 base sequences are specified for uplink DMRS, with 12 values of cyclic shift to mitigate the cross interference in inter-cell and intra-cell scenarios. In the case of D2D discovery, 12 cyclic shifts seem too much for blind detection. For example, in a 20MHz LTE system with 90 RBs configured per discovery subframe, each corresponding to one discovery signal, a D2D UEs needs to perform 90*12 blind detections in each subframe! Therefore, we propose to keep the number of cyclic shifts value to be smaller than 12. 
Based on the discussions above, we have the following proposal:
Proposal 1: Rel-8 PUSCH DMRS should be reused for discovery signal; the number of cyclic shifts for discovery sequence should be smaller than 12, FFS whether fixed in the specification or by signalling.
2.2. Scrambling of discovery message
In LTE, bit scrambling is widely used in signal transmissions to randomize interference of both inter-cell and intra-cell. Similar requirements are also seen for D2D discovery.
UE-specific scrambling is certainly useful in interference randomization between UEs, especially in discovery type 1 where UEs chooses the discovery resources by themselves. Nonetheless, a non-UE-specific scrambling makes more sense for discovery type 1 since UE-specific scrambling may be too restrictive as the receiving UEs generally do not know UE-specific parameters of transmitting UEs before they carry out the blind detection.
Cell-specific parameters for scrambling sequence initialization can help to randomize the inter-cell interference randomization in cellular communication. While for D2D discovery, as discovery signal transmission is of broadcast nature, limiting discovery to a single cell does not seem reasonable. As circumstances may vary for different network deployments, details need to be discussed based on specific deployments scenarios.
Synchronized deployment is the default for TDD systems. Network wide synchronization is also seen in many FDD systems around the world. As discussed in our companion contribution [3], synchronous operation, were the same resources are allocated for discovery signals among the neighboring cells, shows apparent advantages. There, the same scrambling sequence for different cells seems preferable.
In asynchronous deployments, it may be difficult to time-align the discovery resources of different cells. Therefore, cell-specific scrambling sequence may be useful for inter-cell interference randomization. Certainly this requires that the UEs should know the cell ID of neighboring cells.
Therefore, we propose:
Proposal 2: non-UE-specific scrambling should be considered at least for discovery type 1; for asynchronous deployments, scrambling sequence should be cell-specific. For synchronous deployments, non-cell-specific scrambling should be the baseline.
For discovery type 2, discovery resources are allocated in a UE-specific manner, it is more meaningful to randomize interference between cells when the scrambling is considered. All the above proposals are also applicable.
2.3. Resource unit of discovery signal
The current assumption of payload of discovery message is 104bits, which can be carried on either one PRB pair or multiple PRB pairs. Simulations were carried out to compare the performance between one PRB pair and two PRB pairs. In link-level simulation, AWGN is assumed. The last SC-FDM symbol of discovery subframe is reserved for guard period and etc. therefore it cannot be used for carrying discovery messages. As shown in Fig. 1, discovery signal with two PRB pairs performs better due to the lower coding rate.
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Figure 1 Link level performance regarding unit size of discovery signal
To get a full picture of the performance, system level simulation is carried out Results are shown in Fig.2 and Fig. 3. The simulation assumptions can be found in Table A-1 of Appendix.
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Figure 2 System level performance regarding unit size of discovery signal: distance CDF
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Figure 3 System level performance regarding unit size of discovery signal: discovered UE numbers
Based on the above evaluation, therefore, we have the following proposal:

Proposal 3: each discovery signal occupies one PRB pair of resources.
2.4. Other aspects
2.4.1 CRC
In LTE cellular, 24 bits CRC is commonly used for traffic channel, e.g. PDSCH and PUSCH, as well as PMCH; while 16 bits CRC is used in channels with relatively small payloads, such as PDCCH and PBCH. The length of CRC determines the false alarm rate, the longer CRC bits, the less the false alarm probability. However, longer CRC brings more overhead to data transmission and thus the coding efficiency is reduced. In our view, 24 bits CRC seems un-necessary when the message size is 104 bits, considering the efficiency loss shown in [4]. 
Regarding the CRC length, we have the following proposal:
Proposal 4: 16 bits CRC is considered as the baseline for discovery message.
2.4.2 Channel coding options
For large block size, e.g., > 1000 information bits, turbo codes perform better than tail-biting convolution code (TBCC). On the other hand, TBCC has less decoding complexity. In our view, discovery message resembles PDCCH in terms of number blind decodes that needs to be carried out in each subframe. TBCC seems attractive here. Therefore, we propose:
Proposal 5: TBCC should be considered for channel code of discovery message.
2.4.3 CP length

CP is needed not only to mitigate the multipath fading, but also to absorb the synchronization error and propagation delay. Take an example shown in Fig. 4. UE1 transmits discovery signal. Both UE1 and UE2 assume T2=0 when transmitting and receiving the discovery signal. 
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Figure 4 An example of timing for discovery

Fig. 5 shows more details of the time alignment. It is seen that due to the propagation difference between the three links: eNB-UE1, eNB-UE2, and UE1-UE2, there is certain timing error when UE2 tries to detect discovery signal from UE1. The timing error depends on the UE locations and the maximum value is 2*Tp_d2d. The normal CP length of 4.7 s allows the range of 700 m. When extended CP is used, larger timing error can be tolerated.
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Figure 5: paradigm of timing error in discovery
From the discovery distance statistics in [5], it can be seen that the UE-UE distance sometimes can go beyond 700 m. Therefore, normal CP is may be not enough in these scenarios. On the other hand, extended CP apparently reduces the resource efficiency. In this sense, a flexible configuration of CP length according to specific deployment scenarios may be more beneficial. 
Proposal 6: for discovery purpose, CP length may be configurable by network.
3. Summary
Discovery signal design details were discussed in this contribution. Based on the discussions, we have the following proposals:

Proposal 1: Rel-8 PUSCH DMRS should be reused for discovery signal; The number of cyclic shifts for discovery sequence should be smaller than 12, FFS whether fixed in the specification or by signalling.
Proposal 2: non-UE-specific scrambling should be considered at least for discovery type 1; for asynchronous deployments, scrambling sequence should be cell-specific. For synchronous deployments, non-cell-specific scrambling should be the baseline.
Proposal 3: each discovery signal occupies one PRB pair of resources.
Proposal 4: 16 bits CRC is considered as the baseline for discovery message.
Proposal 5: TBCC should be considered for channel code of discovery message.
Proposal 6: for discovery purpose, CP length may be configurable by the network.
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Appendix
Table A-1 System level simulation assumptions for discovery

	Parameter
	Assumption

	Layout
	Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hot-zone per cell

	Channel model
	According to TR 36.843 v0.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNBs are synchronized

	UE antenna configuration
	1 TX, 2 RX

	Transmit power
	23 dBm, Antenna gain 0 dBi, Noise figure = 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.2.0

	Discovery Bandwidth
	44 RBs

	Discovery subframes number in one period
	16

	Discovery signal format
	1 Or 2 PRB PUSCH with two slots

	Resource allocation
	Random allocation within each period as baseline

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

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3km/h


PAGE  
1/6

