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1
Introduction
It has been agreed that for both D2D discovery and broadcast communication PUSCH structure will be used. However several issues remain open. More particularly, from [1], the following open issues are under discussion for both discovery and communication.
· PUSCH DMRS is transmitted

· Possible additional reference signal is FFS

· Possible modifications to interleaver FFS

· Detailed RE mapping is FFS

· Guard period details are FFS

In addition, for discovery the following open issues remain.

· CRC is inserted, FFS between 16 and 24 bits

· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not
· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding
Also, the concept of a discovery preamble is under discussion.

· It is FFS whether a UE transmits a “discovery preamble” prior to transmission of a discovery MAC PDU.

· Discovery preamble can differ from a D2DSS.
In our previous contribution [2][3] we made several proposals on the details that are FFS. In this contribution we reiterate those proposals. In addition, we discuss the possible uses and structure of a discovery preamble.
The contribution is divided into the following sections:
· In Section 2 we discuss our design proposals
· Section 3 concludes the contribution
2
D2D Signal Design
2.1 D2D Sub-frame Structure
Our proposal for D2D sub-frame structure for both discovery and broadcast communication is similar to an uplink sub-frame used for transmitting PUSCH. This will minimize the complexity needed for discovery and broadcast communication implementation. Each D2D sub-frame with a normal cyclic prefix consists of 14 symbols of which symbols 3 and 10 are used for reference signal transmission. The only difference with a PUSCH transmission is that the last symbol may not be used for transmitting a D2D signal. Such a gap was agreed to in RAN#76. Our proposal is illustrated in Figure 1.
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Figure 1
It has been proposed that two more additional reference signals be used for D2D sub-frames [16]. We first note that the simulation results presented in [16] are for very low coding rate (around 1/4). For such coding rate channel estimation may become the bottleneck for decoding. However such low coding rate is not usually used in practical scenarios. Furthermore for D2D the first symbol maybe used for AGC training [15] and the last symbol is used as a gap leaving only 8 symbols for data. The overhead of using more reference symbols can be quite high.

We simulated the impact of using higher number of reference signals with one less data symbol due to either AGC or gap and two less data symbols due to AGC or gap. The details of the simulations parameters are in Appendix A. Note that for our case the code rate is closer to rate ½ which is likely to be more practical. The channel estimation is conducted by using quadratic fitting in frequency. The frequency offset is estimated by averaging offsets provided by each pair of RSs. In the slot hopping case the frequency offset for each slot is estimated and then averaged. 

The simulation results are presented in Figures 2 and 3 which shows the block error rate for performance for frequency offsets of 200Hz and 800Hz. Figures 2 and 3 shows the performance with one data symbol and two data symbols lost respectively for 2-RS (reference symbols), 4-RS, and 4-RS with hopping. [image: image16.bmp][image: image2.png]BLER
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           (a) Frequency offset = 200Hz                                                   (b) Frequency offset = 800Hz      

                                                                                                Figure 2
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            (a) Frequency offset = 200Hz                                                   (b) Frequency offset = 800Hz      

        Figure 3
It should be clear from the figure that 2-RS has better performance in almost uniformly. 4-RS with hopping performs better in the high SNR regime and when frequency offset is high. Such a scenario is not a typical scenario. We note here that both discovery and broadcast communication are being designed for low SNR scenarios. Using additional reference signals will hurt performance in this regime.

We also discuss adding an additional reference at the start of the sub-frame in more detail when discussing discovery preamble.

Observation 1: Additional reference signals can negatively impact the performance at low SNR which is the regime discovery and broadcast communication are being designed for.
Proposal 1: No additional reference signals are needed for both D2D discovery and broadcast communication. 
During RAN#76 with respect to guard period following additional agreements have been made [1].

Working assumption: From an individual UE’s perspective, in the event of a time domain conflict between uplink WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized. As a consequence the last symbol(s) of a D2D transmission can consist of a gap.

· The size of the gap is FFS between ½, 1 and 2 symbols

· FFS whether the size can depend on cell size

· FFS whether the gap is created by puncturing or rate matching

· FFS whether, and if so how, the receiver is made aware of the presence (and length if variable) of the gap

· FFS in which circumstances the gap exists 
We propose that gap size can consist of either 1 or 2 symbols depending on cell size. Some companies have proposed using a gap of half a symbol [4]. We feel that this will lead to more implementation complexity for little gains. The gap size can be a configuration parameter that is same across the deployment. It can be communicated to UEs using SIB signalling. Receivers need to know the gap size so that they do not process interference from uplink signals that follow the gap. The gap only needs to exist when D2D signals do not use uplink timing. This is illustrated in Figure 4 below. The gap can be created using puncturing.

 Proposal 2: With respect to the gap for D2D signal transmission we make the following proposals:

· The size of the gap can be either 1 or 2 symbols.
· The size can depend on cell size.
· The gap is created using puncturing.
· The receiver should be made aware of the presence and length of the gap.
· Gap exists when D2D signals do not follow uplink timing and when the next sub-frame is a WAN sub-frame.
 




Figure 4
Note that transmit-to-receive switching may be needed when an uplink WAN sub-frame is followed by a discovery sub-frame. A UE transmitting on uplink may want to receive on the next discovery sub-frame. However, it has been agreed that no gap should exists for such switching [1]. Therefore part of the symbol may be punctured by the UE for reception. 
Some companies [4][5] have proposed that two block repetition be used for first symbol to reduce the loss due to puncturing. However, we argue that the gain due to this is not significant. D2D discovery and data communication use SC-FDMA where unlike OFDMA signalling occurs on the time domain. Loss of SC-FDMA samples corresponds to loss of the coded bits associated with the samples. This is unlike OFDMA where loss of any sample will impact every coded bit transmitted on the symbol. We present simulation results below to illustrate this point.
To compare the two block repetition with the current scheme we simulated the transmission of a D2D signal transmitted over 2RB pairs. The D2D signal consisted of 256 information bits. (The last symbol is used as a gap.) The simulation used SCM UMi-NLOS channel model. For both schemes the samples of the first half of the first symbol were erased. Figure 5 below shows that the performance of both schemes is virtually identical. 
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Figure 5 
We also note that the performance of RAN4 has concluded that AGC settling time can take up to 1 symbol. So there is no benefit of two block repetition for AGC.

Hence, we propose:
Proposal 3: First symbol of D2D signal should not consists of two block repetition.

2.2 Interleaver Design & Resource Element Mapping

Currently PUSCH bits are mapped to resource elements in a time first manner. This can also be used for D2D symbols mapping. 

In [6] a modified new channel interleaver was proposed where the mapping was changed such that the systematic bits were not mapped onto the first and last symbols. This avoids the loss of systematic bits due to transmit receive turnaround time and timing misalignment between discovery and WAN sub-frames. 

We simulated the new channel interleaver and compared it with the original channel interleaver. In the simulation the bits that are mapped to the first symbol are assumed to be lost. (The last symbol is a gap.) The simulation results are shown in Figure 6.
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Figure 6
The simulations were run for an AWGN channel. The plots show the performance of block error rate for a (528, 256) code versus Eb/No per information bit. Note that 528 correspond to a PUSCH transmission of two RB pairs using QPSK respectively (with the last symbol being used as a gap). 

Our results show that while the modified interleaver is better than the original interleaver, the gain in performance is quite small, around 0.1dB or less. The gains do not justify the need for an implementation change and hence propose that the original interleaver be used.

We note that these results presented here are applicable to low SNRs only. This is the regime applicable to both D2D discovery and broadcast communication.

Proposal 4: Same channel interleaver and RE mapping as PUSCH should be used for D2D discovery and broadcast communication.

2.3 Scrambling

Scrambling should be used for interference averaging. The current scrambling mechanisms as described in [9] for PUSCH can be used. However because a UE receiving a discovery signal may not know about the identity of the UE transmitting the discovery signal the scrambling sequence should not be dependent on transmitter UE’s identity. Furthermore to allow for inter-cell discovery scrambling sequence should also not depend on the cell identity. The scrambling can depend on the DMRS cyclic shift being transmitted with the discovery signal. In [7] we propose that cyclic shift of DMRS vary in a pseudo random fashion with time. This ensures that the scrambling seed is time varying and interference between discovery signals being transmitted on the same resource is randomized.
Proposal 5: Scrambling of discovery signals should be identical to the PUSCH scrambling mechanism with the exception that the scrambling sequence should not be dependent on UE or cell identity. However, the scrambling seed can depend on the DMRS cyclic shift. The DMRS cyclic shift itself will vary pseudo randomly with time.
We note that it has been proposed in [14] that to enable interference averaging large number of scrambling seeds may be needed. However, our proposal enables interference averaging between discovery signals being transmitted on the same resource. In [14] it was also proposed that frequency dependent scrambling seeds be used to randomize the in-band emissions. However in-band emissions occur due to non-linearities in the RF frontend. Therefore in-band emissions are unlikely to contain any structure of the original signal. So frequency dependent scrambling seeds are unlikely to be useful.

Observation 2: Using frequency dependent scrambling seeds is unlikely to help with interference averaging of in-band emissions. This is because in-band emissions are unlikely to contain any structure of the original signal. So, large number of scrambling seeds is not needed. 
During RAN1#76 the concept of scheduling assignments for broadcast communication was agreed to [1]. We propose that similar to discovery, scrambling of scheduling assignments should be independent of cell and UE identity. It should depend on a fixed seed. Similar to discovery this will enable both intra and inter-cell communication.
Proposal 6: Scrambling of scheduling assignment should be identical to the PUSCH scrambling mechanism with the exception that the scrambling seed should be fixed (i.e. not be dependent on UE or cell identity). 
Scrambling of D2D data transmitted for broadcast communication should also not depend on cell and UE identity. Similar to both discovery and scheduling assignment this will enable both intra and inter-cell communication. However, here the scrambling seed can depend on the target identity to which the broadcast communication is being transmitted. This target identity can be a broadcast identity, groupcast identity or a unicast identity [1][10]. 

Proposal 7: Scrambling of broadcast data signals should be identical to the PUSCH scrambling mechanism with the exception that the scrambling seed can depend on the target ID (independent of UE or cell identity). 
2.4 Discovery Specific Issues

DMRS signals transmitted with discovery should not depend on the cell identity. This is needed to enable inter-cell discovery.  However DMRS should not be dependent on UE identity. Our earlier contribution [7] describes how UE specific cyclic shifts for DMRS may be needed. 

Proposal 8: DMRS signals transmitted as part of discovery signal should not depend on cell identity.

CRC generation and concatenation can also be the same as that for PUSCH. In our earlier contribution [8] it was observed that a UE can potentially discover more than 1000 UEs (for Layout Option 3). Given this, using a CRC length of 16 can lead false alarms. There is a 1 in 65536 chance of a CRC check incorrectly passing. So, on an average, a false alarm every 65 discovery cycles may be observed. 

Proposal 9: A CRC length of 24 should be used for discovery message transmission.

Time dependent scrambling of discovery information prior to channel coding can be studied. This allows detection of discovery signal at a lower SNR. One such mechanism was proposed in [8]. However such mechanisms require prior knowledge of discovery information being transmitted. This is mostly true for only restricted discovery. For Release 12, only Open discovery is being studied. In addition, it has been decided that MAC will not perform any filtering on the received discovery signal. This means that MAC and lower layers may not be aware of discovery information that a UE may be interested in. Given this, adding such a scrambling function is not needed.

Proposal 10: Time dependent scrambling of discovery information prior to channel coding is not needed.
2.5 Preamble Design

During RAN1#76 the need for a discovery preamble was discussed. It was noted that a discovery preamble may be needed due to the following reasons.
Further discussion on Discovery Preamble:

Question: Can a UE that transmits a discovery message (including DMRS) also transmit a “discovery preamble” prior to the discovery message, where the “discovery preamble” differs from a D2DSS in one or more of the following ways:

· E.g. if D2DSS is periodic and “discovery preamble” is not? 

· Different sequence?

· Different bandwidth? 
Possible purposes for “discovery preamble”:

· Fine tuning of time and/or frequency synchronisation

· Channel estimation assistance for discovery message decoding

· AGC setting
Before we discuss the design and need for a discovery preamble we note that the purposes of discovery preamble discussed above are relevant to communication as well. Therefore a “communication preamble” should also be considered.

Proposal 11: If a discovery preamble is needed then the need for a communication preamble should also be considered.

We also note that “Fine tuning of time synchronisation” is not needed. At a receiver if all the received discover signals arrive within the length of the cyclic prefix then there should be no impact on performance of discovery. It has been shown in [8] this is usually the case for normal cyclic prefix length. If all the discovery signals received at a UE do not arrive within the length of the normal cyclic prefix then a system level solution of configuring extended cyclic prefix can be used. 
Observation 3: Fine tuning of time synchronization is not needed for discovery.
2.5.1 Preamble Design

We consider three possible schemes for a discovery preamble and discuss their major benefits and disadvantages. A detailed comparison between the schemes is discussed in Appendix B.
Scheme 1: The first scheme is for asynchronous networks. To enable inter-cell discovery for asynchronous networks UEs need to learn the timing of  their neighbouring cells. To learn the timing of their neighbouring cells it is proposed in [8] that a UEs associated with a macro forward their macro’s timing by transmit a PSS in a SFN manner. This transmission happens before transmitting a discovery signal. UEs from different macros can transmit on different frequency locations. The results of performance of such a scheme are given in [12]. They show that using SFN allows successful time synchronization across cells. This is illustrated in Figure 7 below for two non-neighbouring macro’s that have overlapping allocation of discovery. (See [8] for details.)








Figure 7  
Based on the results shown in [12] we make the following observation.
Observation 4: Scheme 1 is needed to enable inter-cell discovery for asynchronous networks. It is not needed for synchronous networks.
Scheme 2: Another design is where preamble consists of first symbol being used for transmitting a DMRS. This can provide better frequency synchronization and consequently more accurate channel estimation, however, at the expense of coding rate increase. This is illustrated in the Figure 8 below.




Figure 8
To gain more insight in the trade-off between 2-RS (reference signals) and 3-RS we performed link level simulations with different frequency offsets. See Appendix A for the simulation assumptions. The remaining details are as described earlier. We also consider the slot hopping scheme for 3-RS format, this will provide more frequency diversity. In the slot hopping case the frequency offset estimated for the first slot is applied to the second slot. The simulation results are presented in Figure 9 which shows the block error rate for performance for frequency offsets of 200Hz and 800Hz.
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           (a) Frequency offset = 200Hz                                                   (b) Frequency offset = 800Hz      

Figure 9
We first observe that in both the figures 3-RS performance is either worse or no better than that of 2-RS. The performance of 3-RS with hopping is worse for low SNR while better at higher SNR. For example, in Figure 7(a) at 20% error rate 3-RS with hopping is worse by around 0.6 dB while at 1% error rate 3-RS with better by 0.4dB. The 3-RS with hopping relative performance improves for 800Hz frequency offset (around 1dB gain at 1% error rate). However, such a frequency offset is the extreme case and will not occur typically. Due to the crossover of the link curves and the fact that 3-RS with hopping provides gains mostly for high frequency offset case it is unclear whether such a scheme will be beneficial from a system perspective. In fact, because the performance is worse at low SNR it is likely that the system performance will be worse. We again note that discovery is being designed for low SNR regime.
We also simulated the case when the first symbol is lost due AGC [15]. In the case of 3-RS the first symbol reference signal will be lost. It will not be used for frequency offset and channel estimation. This can cause significant impact on frequency offset estimation for 3-RS with hopping. This is illustrated in Figure 10 below.

[image: image9.png]BLER

—6—2RS
—6—3RS
—&— 3-RS, hopping




  [image: image10.png]BLER

—b—2Rs
—b— 3RS
—&— 3RS, hopping





                 (a) Frequency offset = 200Hz                                                   (b) Frequency offset = 800Hz      

Figure 10
Observe that with the first symbol lost 2-RS and 3-RS have similar performance, while the performance of 3-RS with hopping is significantly and uniformly worse. In fact for 800Hz frequency offset the performance is catastrophic. In other words the performance of 3-RS with hopping is quite sensitive to loss of first symbol due to AGC.
Based on the results and discussion above we make the following observation.
Observation 5: Scheme 2 with slot level hopping may provide some link level gains at high SNR when frequency offset between UEs is high. However the performance at low SNR is impacted. Furthermore, the Scheme 2 with hopping can have significantly and uniformly worse performance if the first symbol is lost due to AGC. As a result system level performance of Scheme 2 is likely to be worse.  

Scheme 3:  In [13], a two-stage D2D discovery scheme is proposed which is similar to the two-stage LTE RACH procedure. It comprises of a signatures/preambles followed by a subsequent discovery message. See Figure 11 (from [13]). The signatures/preambles can be designed as PSS/SSS.
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Figure 11
However the advantages of such a scheme are unclear. If the purpose of preamble is to provide fine grained time synchronization as discussed above fine grained synchronization is not needed. If the preamble is used for providing symbol level synchronization then it should be clear that Scheme 1 can provide symbol level synchronization more efficiently. Scheme 1 requires only one additional sub-frame while Scheme 3 may require multiple additional sub-frames.
As we discuss in Appendix B such a scheme cannot provide gains in terms of frequency synchronization, channel estimation and AGC. Furthermore designing the first stage of such a scheme will require significant work and will lead to increase in power consumption because a UE will need to wake up for a longer period of time and will need to perform multiple wake ups. We also note that no system level simulation results have been presented for such a scheme up till now.

Observation 6: Scheme 3 may lead to better fine grained time synchronization but as discussed earlier fine grained synchronization is not needed. Furthermore, Scheme 3 provides no additional benefits but may negatively impact performance of discovery.
Based on our observations we propose the following.

Proposal 12: Scheme 1 should be considered as a preamble for discovery for asynchronous deployments. For synchronous deployments no preamble is needed. 
3
Conclusion

In this contribution we proposed several details on the design of D2D signal. Following are our observations and proposals:
Observation 1: Additional reference signals can negatively impact the performance at low SNR which is the regime discovery and broadcast communication are being designed for.
Proposal 1: No additional reference signals are needed for both D2D discovery and broadcast communication. 
Proposal 2: With respect to the gap for D2D signal transmission we make the following proposals:

· The size of the gap can be either 1 or 2 symbols.
· The size can depend on cell size.
· The gap is created using puncturing.
· The receiver should be made aware of the presence and length of the gap.
· Gap exists when D2D signals do not follow uplink timing and when the next sub-frame is a WAN sub-frame.
Proposal 3: First symbol of D2D signal should not consists of two block repetition.

Proposal 4: Same channel interleaver and RE mapping as PUSCH should be used for D2D discovery and broadcast communication.

Proposal 5: Scrambling of discovery signals should be identical to the PUSCH scrambling mechanism with the exception that the scrambling sequence should not be dependent on UE or cell identity. However, the scrambling seed can depend on the DMRS cyclic shift. The DMRS cyclic shift itself will vary pseudo randomly with time.
Observation 2: Using frequency dependent scrambling seeds is unlikely to help with interference averaging of in-band emissions. This is because in-band emissions are unlikely to contain any structure of the original signal. So, large number of scrambling seeds is not needed. 

Proposal 6: Scrambling of scheduling assignment should be identical to the PUSCH scrambling mechanism with the exception that the scrambling seed should be fixed (i.e. not be dependent on UE or cell identity). 
Proposal 7: Scrambling of broadcast data signals should be identical to the PUSCH scrambling mechanism with the exception that the scrambling seed can depend on the target ID (independent of UE or cell identity). 
Proposal 8: DMRS signals transmitted as part of discovery signal should not depend on cell identity.

Proposal 9: A CRC length of 24 should be used for discovery message transmission.

Proposal 10: Time dependent scrambling of discovery information prior to channel coding is not needed.
Proposal 11: If a discovery preamble is needed then the need for a communication preamble should also be considered.

Observation 3: Fine tuning of time synchronization is not needed for discovery.
Observation 4: Scheme 1 is needed to enable inter-cell discovery for asynchronous networks. It is not needed for synchronous networks.
Observation 5: Scheme 2 with slot level hopping may provide some link level gains at high SNR when frequency offset between UEs is high. However the performance at low SNR is impacted. Furthermore, the Scheme 2 with hopping can have significantly and uniformly worse performance if the first symbol is lost due to AGC. As a result system level performance of Scheme 2 is likely to be worse.  

Observation 6: Scheme 3 may lead to better fine grained time synchronization but as discussed earlier fine grained synchronization is not needed. Furthermore, Scheme 3 provides no additional benefits but may negatively impact performance of discovery.

Proposal 12: Scheme 1 should be considered as a preamble for discovery for asynchronous deployments. For synchronous deployments no preamble is needed.
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Appendix A. Link simulation assumptions  

	Carrier frequency
	2GHz 

	System bandwidth
	10MHz (50RBs)

	Number of antennas
	1 Tx, 2 Rx

	Receiver type
	MRC

	Channel model 
	ITU UMi 

	Synchronization 
	Perfect time synchronization

	Mobility
	Dual mobility 3km/h 

	Data format (discovery)
	Payload size
	256 bits

	
	Allocated BW
	2RBs


Appendix B. Comparison of different preamble 
Different designs for discovery preamble can be compared over several dimensions. The Table below summarizes the performance of the schemes for different dimensions. 
	
	Scheme 1 

(SFN PSS before message)
	Scheme 2

(Additional RS)
	Scheme 3

(Two-stage discovery)

	Symbol level time synchronization
	Beneficial for asynchronous deployment. This is supported by simulations in [8].
	No additional benefit because the preambles are part of the message PRB pair.
	Can benefit. But Scheme 1 can provide a more efficient solution. 

	Frequency synchronization
	No additional benefit.  Sequence part is separated from the message part.
	Can benefit. However as noted in Observation 5, the system gains are likely to be negative.
	The benefit is likely to be hard to achieve. Will require transmission of multiple time separate sequences.

	Channel estimation
	No additional benefit.  Sequence part is separated from the message part.
	Can benefit. However as noted in Observation 5, the system gains are likely to be negative.
	No additional benefit. Sequence part is separated from the message part.

	Setting of AGC gain
	No additional benefit. AGC setting will occur on the first symbol of the message. 


	No additional benefit. However as noted in Observation 5 the sensitivity to AGC loss has increased.
	Can make AGC setting more complicated because the AGC has to be set even for the first stage. 


	Enables large number of scrambling seeds as discussed in [14]
	No. Sequence cannot carry multiples seeds. 
	No. DMRS selection is not sufficient for carrying large number of seeds.
	Yes. First stage can carry an indication the scrambling seed of the second stage. However as discussed in Observation 1, large number of scrambling seeds is not needed.

	Energy saving
	No additional benefit.
	No additional benefit.
	Sequences transmitted in the first stage can provide information about the message transmitted in the second stage. As a result some of the messages do not need to be decoded. There are several issues here. One, it is not clear whether such a scheme can be efficiently designed. Two, such a scheme is mostly possible for restricted discovery which is out of scope for Release 12. Three, decoding uses a small percentage of energy used. Four, enabling such a scheme amounts to filtering at physical layer. Since RAN2 has agreed to not filter at MAC, it does not make sense to filter at RAN1.

	Increase in power and resource consumption
	Minor increase. Only one additional sub-frame and transmission per discovery period.
	No increase.
	Significant increase. Resource will be used for transmission of sequences. Power will be consumed in reception of those sequences. 
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