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1
Introduction
During RAN1#74bis the following working assumption was agreed to [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
Furthermore at RAN2#83bis it was agreed that

· Open and restricted Prose Discovery should have similar RAN2 mechanism to avoid complexity.
In this contribution we propose a signal design for discovery based on these agreements. 

· In Section 2 we discuss our design proposals
· Section 3 concludes the contribution
2
Discovery Signal Design
2.1 Open versus Restricted Discovery

We propose that following RAN2 agreement, same physical layer for Open and Restricted ProSe discovery should be used. This reduces the complexity of the proposed design. The difference between Open and Restricted ProSe discovery will be in the discovery information being transmitted. In the case of Restricted ProSe discovery, the discovery information can be encoded (or is assumed to already be protected/obfuscated in some fashion) before the transmission, so that the same signalling can be reused. The obfuscation at the upper layers ensures that only authorized UEs can detect the discovery signal. 

Proposal 1: Use the same physical layer design for both Open ProSe and Restricted ProSe discovery. Discovery information for Restricted ProSe should be encoded appropriately.
2.2 Message versus Sequence

It was agreed that a discovery transmission should consist of a message plus a sequence. A message can be used to convey information such as identity, application level information, etc. about the UE transmitting the discovery signal.  A sequence can also be used to convey such information. However the information that can be sent over a sequence is quite limited compared to a message. It depends on the number of orthogonal sequences available. Typically the difference in the amount of information that can be conveyed is an order of magnitude. Therefore message seems a logical choice for sending discovery information.
Sequence can also be used for channel estimation. For channel estimation DMRS seems a natural candidate.

Finally sequence can also be used for synchronization. In our earlier contribution [2] it was shown that if in coverage UEs use downlink timing for transmissions of a discovery signal the timing difference between any pair of UEs is well within the cyclic prefix. Given this, there is no need for using a sequence as a synchronization signal. 

Proposal 2: Message part of a discovery signal should be used for transmitting discovery information. Sequence part should be used for channel estimation. Sequence part of a discovery signal should be DMRS.
If a discovery transmission consists of a sequence plus a message, there are two possibilities. One, the sequence and message are transmitted together, i.e., are co-located in time and frequency. Two, the sequence and message are transmitted separately, i.e., are not co-located in time or frequency.
Transmitting the sequence and message separately can lead to multiples issues. We list some of them here.

· Whenever a message is transmitted a sequence needs to be transmitted together for channel estimation.  Transmitting a separate sequence will increase the overhead

· Transmitting message and sequence separately will lead to more complexity because some mapping will be needed between the resource used for transmitting message and the resource used for transmitting sequence.
· If sequence and message are transmitted separately, due to variation in fading and in-band emissions there might be misdetection. This is illustrated below in Figure 1.
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Figure 1
Suppose A and C transmit discovery signals on the same resources. Now if message and sequence are not co-located B can detect the sequence from C but decode message from A. This will lead to misdetection at B.

Proposal 3: Message and sequence transmissions for discovery should be co-located in frequency and time.
2.2 Discovery Sub-frame Structure
Our proposal for discovery sub-frame structure is similar to an uplink sub-frame used for transmitting PUSCH. This will minimize the complexity needed for discovery implementation. Each discovery 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 is never used for transmitting a discovery signal.  In other words the last symbol is used as a gap. Our proposal is illustrated in Figure 2.




Figure 2
There are a couple of reasons why the last symbol may need to be a gap. The first reason is time needed for switching from being a transmitter or receiver to being a receiver or transmitter respectively. There are several scenarios where such a switching can occur.

· A UE transmits its discovery signal in one sub-frame but receives a discovery signal on the next sub-frame.

· A UE receives a discovery signal in one sub-frame but transmits its discovery signal on the next sub-frame.

· A UE receives a discovery signal in one sub-frame and the next sub-frame is an uplink WAN sub-frame on which the UE is supposed to transmit.

· In TDD a UE transmits a discovery signal in one sub-frame and the next sub-frame is a downlink WAN sub-frame on which the UE is supposed to receive.

The second reason is timing difference between discovery and uplink WAN transmissions. It has been agreed that RRC_IDLE UEs when they participate in discovery should use downlink timing for transmission of their discovery signal. Potentially RRC_CONNECTED UEs will also use downlink timing for transmission of discovery signal. Due to this if a discovery sub-frame is followed by an uplink WAN sub-frame the last symbol of discovery and the first symbol of uplink WAN will overlap. This is illustrated in Figure 3.

 




Figure 3
Note that even if discovery sub-frame is followed by a discovery sub-frame, the discovery sub-frame can contain PUCCH transmissions that use uplink timing. This again may lead to overlap of discovery and uplink WAN transmissions. 

Of the two reasons the first reason can be addressed via puncturing. UEs can puncture the bits that are either not transmitted or received during the switching between transmit to receive and vice versa. Given that discovery signal is a periodic broadcast signal and the discovery process is a delay tolerant one the overall impact to performance should be minimal. As a result, in the out of coverage scenario the last symbol does not need to be a gap.
However puncturing cannot resolve the issue of discovery and WAN transmissions overlapping which can impact WAN performance. So, in the in coverage case where RRC_IDLE UEs participate in discovery using downlink timing the last symbol should be used as a gap. This will ensure that discovery does not interfere with WAN communication.

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 as shown in Figure 3 when an adjustment from uplink timing to downlink timing happens between the sub-frames there is additional time budget available to the UE for switching. This is especially true for UEs that are far away from their associated eNodeB. Furthermore the switch will impact the performance of discovery only, and not of WAN. Even in the case of discovery it will be only a UE that is receiving a discovery signal that will be impacted. So when switching from an uplink WAN sub-frame to a discovery sub-frame puncturing at a UE can be done.
Proposal 4: Discovery sub-frame should be similar to an uplink WAN sub-frame used for PUSCH transmission. However the last symbol of the sub-frame could be used as a gap.

With respect to cyclic prefix we propose that normal cyclic prefix be used. However because discovery timing is open loop then depending on the propagation environment and transmit power extended cyclic prefix can also be used. For example if carrier frequency is low (say 700MHz) and/or a transmit power of 31dBm (Public Safety UE) is used then discovery range can be quite large. In that case an extended cyclic prefix needs to be used.
If extended cyclic prefix is used for discovery and WAN transmissions continue to use normal cyclic prefix then on a sub-frame that contains both WAN and discovery transmissions there can be leakage from discovery to WAN and vice versa. For such a scenario some gap in frequency domain maybe needed between WAN and discovery transmissions. 
Proposal 5: Use normal cyclic prefix for discovery transmissions. For large discovery range extended cyclic can be used.
As mentioned earlier DMRS can be used for transmitting sequence. However to allow for inter-cell discovery transmitted DMRS signal should not depend on the cell identity.  Our companion contribution [4] describes UE specific cyclic shifts for DMRS may be needed. 
Proposal 6: DMRS signals transmitted as part of discovery signal should not depend on cell identity.

2.3 Modulation, Coding and Rate Matching

Given that only a small amount of information is transmitted on a discovery signal QPSK modulation can be used. 

Proposal 7: QPSK modulation should be used for discovery. 

For coding we compared the performance of turbo and convolutional coding (as described in [6]) for a fixed block length. The results are illustrated in Figure 4. 
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Figure 4
The simulations were run for an AWGN channel. The plots show the performance of block error rate versus Eb/No per information bit. In the simulation we fixed the block length to 528 bits. This corresponds to a PUSCH transmission of two RB pairs using QPSK with the last symbol being used as a gap. We varied the number of information bits from 64 to 256 bits. 
Our results show that convolutional code outperforms turbo codes be around only 0.1db (at 1% error point) when the number of information bits is 64 bits. However turbo codes outperforms convolutional for the other two cases. Furthermore turbo codes outperform convolutional by more than 1.5dB when number of information bits is 256. Based on this we prefer turbo codes.
No changes need to be made to the rate matching procedure as already defined. 
Proposal 8: Turbo coding should be used for discovery. 
2.4 Interleaver Design & Resource Element Mapping
Currently PUSCH modulation symbols are mapped to resource elements in a time first manner. This can also be used for discovery symbols mapping. The mapping can be across multiple transmission time intervals. 

In [7] 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 turn around 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 5.
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Figure 5
The simulations were run for an AWGN channel. The plots show the performance of block error rate versus Eb/No per information bit. We simulated three values of coded and information bits (264, 128), (528, 128), and (528, 256). Note that 264 and 528 correspond to a PUSCH transmission of one and 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 discovery.

Proposal 9: Same channel interleaver as PUSCH should be used for discovery.

For PUSCH within a sub-frame inter-slot hopping is an option. However given the pilot structure of uplink sub-frame channel estimation can be a significant issue in frequency selective fading conditions. More specifically in D2D communication there can be significant frequency offset between a transmitter and a receiver.  For example, even in coverage the error can be ±0.2ppm. If inter-slot hopping is used, estimating this frequency offset during channel estimation can be a challenge. This will degrade performance. Therefore we propose that no inter-slot hopping be done.
Proposal 10: No inter-slot hopping should occur for discovery transmissions. The resource element mapping should be identical to PUSCH resource mapping with no inter-slot hopping.

2.5 Scrambling & CRC Generation
Scrambling should be used for interference averaging. The current scrambling mechanisms as described in [5] 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.

Proposal 11: Discovery scrambling mechanism should be identical to the PUSCH scrambling mechanism with the exception that the scrambling sequence should not be dependent on UE or 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 12: A CRC length of 24 should be used for discovery message transmission.
2.6 Scrambling of Discovery Information

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. Given this, it needs to be discussed whether additional complexity associated with adding such a scrambling function is warranted.
3
Conclusion

In this contribution we proposed several details on the design of discovery signal. Following are our proposals:
Proposal 1: Use the same physical layer design for both Open ProSe and Restricted ProSe discovery. Discovery information for Restricted ProSe should be encoded appropriately.
Proposal 2: Message part of a discovery signal should be used for transmitting discovery information. Sequence part should be used for channel estimation. Sequence part of a discovery signal should be DMRS.
Proposal 3: Message and sequence transmissions for discovery should be co-located in frequency and time.
Proposal 4: Discovery sub-frame should be similar to an uplink WAN sub-frame used for PUSCH transmission. However the last symbol of the sub-frame could be used as a gap.

Proposal 5: Use normal cyclic prefix for discovery transmissions. For large discovery range extended cyclic can be used.

Proposal 6: DMRS signals transmitted as part of discovery signal should not depend on cell identity.

Proposal 7: QPSK modulation should be used for discovery. 

Proposal 8: Turbo coding should be used for discovery. 
Proposal 9: Same channel interleaver as PUSCH should be used for discovery.
Proposal 10: No inter-slot hopping should occur for discovery transmissions. The resource element mapping should be identical to PUSCH resource mapping with no inter-slot hopping.

Proposal 11: Discovery scrambling mechanism should be identical to the PUSCH scrambling mechanism with the exception that the scrambling sequence should not be dependent on UE or cell identity.

Proposal 12: A CRC length of 24 should be used for discovery message transmission.
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