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1 Introduction
The D2D discovery signal design details have been discussed in previous meetings. The following working assumptions were made in RAN1#74bis: 

· 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 this paper, we will focus on two topics in the D2D discovery signal design: one is the channel coding for the discovery signal; the other is the transmission power setting for the discovery signal. In the first topic, we compare Turbo coding with tail-biting convolutional coding. In the second topic, we evaluate the impact of the D2D signals with fixed transmit power to the receiving of WAN control channels (that are frequency multiplexed with D2D signals in the D2D subframes) at eNB and a potential scheme to address the impact. 
2 Channel coding scheme for discovery message

As discussed in previous meetings, the discovery message generally has a relatively small size and an initial assumption of the discovery message size is 104 bits. For this small message size, there is a question of whether the turbo coding or tail-biting convolutional coding (TBCC) is used, as mentioned in [1]. In this section, we will compare these two channel coding schemes in terms of decoding performance and complexity. 

Figure 1 and Figure 2 show the BLER comparison results for two discovery message sizes, one is 104 bits and the other is an exemplified size of 328 bits. The motivation for these two message sizes is that although 104 bits are initially assumed in the RAN1 D2D discussions, there are also some discussions in SA WG that assumes larger message sizes [2]. The simulation conditions are listed in Table 1 in appendix. In simulations, two resource configurations are assumed for both the two message sizes, that is, one PRB-pair and two PRB-pairs for 104-bit message size (corresponding to one and two subperiods per discovery, respectively, as per the discussions of hierarchical period structure in [3]) and two PRB-pairs and four PRB-pairs for 328-bit sizes, as shown in these figures. 
From the figure, we have the following observations: 

Observation-1: For 104-bit message size, the two channel coding schemes have similar performance in fading channels and AWGN channels, while for 328-bit message size, turbo coding outperforms the tail-biting convolutional coding, especially in AWGN channel. 

Comparing the complexities of Turbo decoding and TBCC decoding, each component code of turbo coding has 8 states while TBCC has 64 states. Since the number of states directly determines the decoding complexity, the decoding complexity of TBCC is several times of that of turbo coding for a single iteration. Since multiple iterations (e.g., 8) are used in turbo decoding (the iterations can terminate early as per CRC check results, thus smaller number of iterations are needed on average), the decoding complexity of these two coding schemes is similar. In addition, it would be simpler to have the channel coding scheme of discovery signals the same as that of D2D communication signals.
Proposal-1: For simplicity of D2D system design, the same channel coding scheme is applied for all the supported discovery message sizes and D2D communications. The Rel-8 Turbo coding is preferred to other coding schemes. 
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Figure 1 simulation results for discovery message of 104 bits
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Figure 2: simulation results for discovery message of 328 bits
3 Transmit power setting for D2D discovery signals
As agreed in previous meetings, periodic uplink resources will be allocated for discovery signal transmission. In each period, the allocated (several tens or even more) discovery subframes are expected to be generally contiguous in time to facilitate power saving through DRX. In this case, some WAN UL control channels (i.e., PUCCHs) will have to be frequency multiplexed with the D2D signals in the D2D subframes in order to support normal DL traffic transmissions (e.g., provide ACK/NACK feedback for DL traffic). On the other hand, fixed transmit power setting (e.g., 23dBm) for D2D discovery signals has generally been assumed in the previous discussions and evaluations. In this case, the in-band emission interference from the D2D transmitters, especially those at cell center, may overwhelm the received WAN control channels at eNB, as shown in Figure 3 below. 
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Figure 3: Illustration of impact of in-band interference of D2D signal to WAN control channels

Is the in-band interference to WAN control severe?

We performed system level simulations to evaluate whether the in-band interference from D2D discovery signals to WAN control channels is severe. The simulation results are shown in Figure 5. In the simulations, synchronous wrap around 57 cells with layout option 3 (uniform outdoor UEs, 2.0GHz) are used. In each cell, 150 UEs are uniformly dropped, among which 6 PUCCH transmitter UEs are assumed. In simulations, the in-band emissions interference was modeled according to the latest RAN1 WG agreements (i.e., based on the model in TS36.101 with updates {W,X,Y,Z}={3,6,3,3}dB). An example of the in-band interference is shown in Figure 4.
In the simulations, two discovery resource pool configurations are tested: one is 44 PRBs over 10 subframes and the other is 44 PRBs over 20 subframes. It is assumed that D2D discovery UEs randomly select one discovery channel (i.e., one PRB-pair) from the configured discovery resource pool to transmit their discovery packet with a fixed transmit power of 23dBm. At each eNB, the in-band emission interference from all the D2D transmitters in each D2D subframe is measured and compared with the thermal noise (within one PRB, with noise figure taken into account). The CDF distribution of the in-band interference over thermal noise (IBIoT) is shown in Figure 5. From the figure, we can draw the following observations.
Observation-2: With fixed transmit power setting, the in-band emission interference from the D2D transmitters to the PUCCH receiving can be high. In the assumed simulation conditions, the median IBIoT could be up to about 45dB and 42dB for the two assumed discovery resource pool configurations. 
Observation-3: The in-band interference level of D2D signals to PUCCHs degrades with increase of the ratio of user density over the configured discovery pool size. 
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Figure 4: Example of the in-band interference          
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Figure 5: In-band interference over thermal noise
Alleviation of the impact:
Since the normal decoding of PUCCHs is important for cellular system operations, some measures have to be taken to alleviate or avoid the negative impact from D2D transmissions. To this end, a potential means is to apply some form of power control for the D2D transmissions that are frequency multiplexed with the PUCCHs in the D2D subframes. As an example, the D2D transmission power control could be open-loop and based on the existing power control scheme for PUCCH. In particular, the open-loop power control for the D2D transmissions could be based on the PUCCH power control common parameter PO_Norminal_PUCCH , together with a new D2D-specific adjustment parameter ΔD2D. This new D2D-specific power control parameter could be broadcast by eNB (e.g., together with D2D resource configuration signaling) and its value should allow a relatively high D2D transmit power under the constraint of keeping the in-band interference from D2D transmissions to the PUCCHs at an acceptably low level. Thus, the determination of this parameter value should take into account D2D transmit user density and configured discovery resources within each D2D subframe and the PUCCH received SINR requirements. Since the estimate of D2D user density within each D2D subframe may be difficult due to the presence of D2D UEs in RRC_Idle, an initial value could be used with adjustments in a latter phase. 
Note that although a power control is used for the D2D transmitters, there may be still some level of in-band interference from the power controlled D2D transmissions. In this case, the eNB could correspondingly improve the transmit power of PUCCH transmitters through the dedicated power control signaling (e.g., PO_UE_PUCCH). 
We performed system-level simulations to evaluate open-loop power control for the D2D discovery transmitters, with the results shown in Figures 6~8. In the simulations, the layout option 3 with synchronous 57 cells is used with 150 UEs per cell, wherein there are 6 PUCCH transmitters in each D2D subframe. The simulation conditions are listed in Table 2 in the appendix. Figure 6 shows the PUCCH received SINR with and without D2D transmission power control for two discovery resource configurations mentioned above. We can see that without D2D power control, the PUCCH received SINR is rather low (lower than -5dB for about 50% and 30% of the time for the two discovery resource configurations). Meanwhile, with the D2D power control, almost all the PUCCH SINRs exceed -5dB. 
There may be a concern that with the D2D power control the D2D transmit power is generally lower than the fixed power (as shown in Figure 8), depending on the pathloss from the eNB and thus, the D2D discovery performance may be degraded seriously. To clarify this, we also performed simulations for the D2D discovery with and without D2D power control, as shown in Figure 7. From these results, we can see that under the discovery resource configuration of 44PRB over 10SF, the discovery performance with D2D power control is even slightly better than that without power control. The reason is that although the useful signal power is lowered, the in-band interference from other D2D transmitters and PUCCH transmitters is also reduced. Under the discovery resource configuration of 44PRB over 20SF, the average number of D2D transmitters per D2D subframe is reduced, thus the in-band interference is somewhat alleviated. In this case, the discovery performance with power control is degraded to some extent, which is shown in Figure 7(b). In addition, there may be the concern that the UEs use non-uniform transmit powers, depending on their locations relative to the eNB, and thus it seems unfair for those UEs near eNB from D2D transmit perspective. However, considering the mobility of the UEs, statistically it is fair for all the UEs. 
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Figure 6: Distributions of PUCCH receiving SINR under different discovery resource configuration
[image: image10.emf]0 20 40 60 80 100 120 140 160 180

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of discovered neighbors

CDF

Layout 3, Discovery resource pool:44PRBx10SF

 

 

w/o DTX PC

with DTX PC

 [image: image11.emf]0 50 100 150 200 250 300 350

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of discovered neighbors

CDF

Layout 3, discovery resource pool:44PRBx20SF

 

 

w/o DTX PC

with DTX PC


(a)                                                                           (b)

Figure 7: Discovery results with and without power control
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Figure 8: Distribution of discovery transmit power with and without power control
Observation-4: The potential impact of the in-band interference from D2D transmissions to PUCCH receiving is largely alleviated with power control for D2D transmissions. Meanwhile, the negative impact of the power control for D2D transmissions is limited. 

Proposal-2: An open-loop power control scheme should be adopted for D2D discovery in network coverage. 
4 Overall discovery channel design
As an overall observation, the discovery channel design can be significantly speeded up and simplified if it uses the same channel as D2D communication at the physical layer (in an analogous way to paging messages being carried on the PDSCH at the physical layer). 

Therefore we propose: 

Proposal 3: The D2D discovery message is carried on the D2D data communication physical channel.
5 Conclusions
In this paper, we discussed two topics on D2D discovery channel design, the power control for discovery transmissions and channel coding scheme for discovery packets. The following observations and proposals are given.
Observation-1: For 104-bit message size, the two channel coding schemes have similar performance in fading channels and AWGN channels, while for 328-bit message size, turbo coding outperforms the tail-biting convolutional coding, especially in AWGN channel. 

Observation-2: With fixed transmit power setting, the in-band emission interference from the D2D transmitters to the PUCCH receiving can be high. In the assumed simulation conditions, the median IBIoT could be up to about 45dB and 42dB for the two assumed discovery resource configurations. 

Observation-3: The in-band interference level of D2D signals to PUCCHs degrades with increase of the ratio of user density over the configured discovery pool size. 
Observation-4: The potential impact of the in-band interference from D2D transmissions to PUCCH receiving is largely alleviated with power control for D2D transmissions. Meanwhile, the negative impact of the power control for D2D transmissions is limited. 

Proposal-1: For simplicity of D2D system design, the same channel coding scheme is applied for all the supported discovery message sizes and D2D communications. The Rel-8 Turbo coding is preferred to other coding schemes. 

Proposal-2: An open-loop power control scheme should be adopted for D2D discovery in network coverage. 
Proposal 3: The D2D discovery message is carried on the D2D data communication physical channel.
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Appendix
Table 1: link level simulation conditions for section 2
	Parameters
	Values

	Discovery message size
	104 bits and 328 bits

	CRC size
	24 bits

	Discovery resource unit
	One PRB-pair, including 2 RS symbols and 11 data symbols (one symbol reserved for guard time etc)

	Discovery resources for decoding 
	One/two PRB-pairs soft combinations for 104-bit message size and two/four PRB-pairs for 328-bit message size.

	Turbo coding
	RV0, RV0/1, and RV0/1/2/3 for one, two and four PRB-pairs resource mapping.
Decoding algorithm: MAX-Log-MAP, 

Maximum iteration number: 8

	TBCC coding
	Decoding algorithm: Soft Viterbi decoding

	Antenna numbers
	1 TX and 2 RX

	Fading channel
	ITU-R UMi (NLOS) with as defined in [4], dual-mobility with 3kmph

	Channel estimation
	Ideal

	SNR
	Per-subcarrier SNR


Table 2: System level simulation conditions for section 3
	Parameter
	Assumption

	Macro-cell system level simulation baseline parameters

	Layout
	19 cell sites, 3 sectors per site, wrap around
Option 3: Urban macro (500m ISD) (all UEs outdoor)

	Carrier frequency
	2.0GHz

	Pathloss model
	O2O: PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m

· hBS’ = hMS’ = 0.8m
· LOS offset = 0 dB
· NLOS offset = -5 dB

	LOS probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36)

	Shadowing standard deviation
	7dB log-normal 

	Shadowing correlation
	i.i.d.

	Noise figure
	9 dB

	UE TX power
	23dBm or with power control

	Network synchronization
	eNBs are synchronized each other

	Small scale fading
	Not used

	In-band emission interference 
	Used, as per the modeling described in [4]

	Discovery resource pool
	44 RBs over 10 or 20 subframes

	UE number
	150 per sector, among which 6 are PUCCH transmitters

	UE dropping
	Layout option 3 (uniform outdoor):
All UEs are randomly and uniformly dropped throughout the macro geographical area. All UEs are dropped outdoors. No buildings are dropped
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