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1 Introduction
At RAN1#76, the following working assumption was reached for the CP length [1],
· Both extended CP length (512Ts) and normal CP length (144 Ts) are supported in the specifications for D2D communication and discovery

· FFS: details of how to set the CP length 

For D2D discovery the following working assumption was reached,
· If D2D discovery is supported, both Type 1 and Type 2 discovery can be supported subject to investigation and positive resolving of open issues

· Note: Following open issues has not been considered in RAN1
· Contents of discovery message

· Impact on cellular traffic

· Impact on other operator spectrum

· Lawful interception impact on RAN if any
· Potential impact on inter-eNB interfaces
This paper discusses the CP length configuration for D2D communication and discovery. It is shown that it is beneficial to have the possibility of using a different CP length for cellular and D2D. In addition, the D2D impact on cellular traffic is studied, especially the co-existence of D2D signals with extended CP and WAN signals with normal CP.
2 CP Length and Coverage range for D2D
A D2D UE attempting to discover other UEs must then shift its timing window earlier that what it would use for cellular timing. Some simple delay difference computation, excluding multipath, show that depending on the deployment scenario, ISI would appear for D2D range lower than 500m, as shown in Table 1. In Table 1, timing errors tolerance included [2].

Table 1. CP length and the coverage range in commercial network and PS network

	ISD
	CP type
	Single-cell deployment or asynchronous multi-cell deployment
	Synchronous multi-cell deployment

	500m (general scenario)
	Normal
	covers 467m
	too short to cover inter-cell timing error

	
	Extended
	covers 2266m
	covers 1366m

	1732m (PS scenario)
	Normal
	covers 467m
	too short to cover inter-cell timing error

	
	Extended
	covers 2266m
	covers 1366m


From Table 1, it appears that if normal CP is used for discovery, ISI/ICI appears around 500m. While this is tolerable for some cases (dense cell deployments), there are plenty of cases where it is beneficial to have a D2D range larger than 500m. Consequently, it is desirable to have the D2D discovery using extended CP for range, whereas the cellular system would still use the normal CP (for capacity). It is then necessary to have signaling to indicate the CP length for discovery messages. Given that this parameter is unlikely to frequently change, common higher layer signaling (e.g., a SIB) appears like a simple solution to configure the CP length for discovery signals. The following is thus proposed:

Proposal 1: The D2D discovery messages and cellular signals can use different CP lengths.

· The CP length for D2D discovery messages is signaled using common higher layer signaling (e.g., a SIB message)
3 Different CP Length for D2D and Cellular Transmissions
Using extended CP OFDM symbols for D2D discovery/communication in a subframe where the cellular traffic is using normal CP OFDM (Frequency domain multiplexing of normal CP OFDM symbols and extended CP OFDM symbols) can introduce ICI/ISI, which degrades the performance of cellular traffic. 

Using normal CP OFDM symbols for D2D discovery/communication may not introduce ICI/ISI to the cellular traffic, but the D2D range is then limited, as explained in Section 2. Using extended CP or normal CP for D2D signals should be up to the network operator’s strategy. By eNodeB’s scheduling, time domain multiplexing of normal CP OFDM symbols and the extended CP OFDM symbols can also be used to avoid ICI/ISI with the cost of network throughput.

3.1 Inter-carrier-interference between normal CP and extended CP OFDM symbols

Figure 1 and Figure 2 show the power leakage of the extended CP OFDM symbols to the neighboring PRBs if these extended CP OFDM symbols are received in the format of normal CP OFDM (NCP) symbol. In Figure 1, the extended CP OFDM symbols use two PRBs: PRB #0 and PRB #1. In Figure 2, the extended CP OFDM symbols use 40 PRBs, from PRB #0 to PRB #39. Figure 2 only shows the received power level of PRB #38 to PRB #41. In both figures, the transmitted power in each used subcarrier is 0dBm.
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Figure 1. ICI and ISI due to FDM of normal CP symbol and extended CP symbol, 2 PRB case
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Figure 2. ICI and ISI due to FDM of normal CP symbol and extended CP symbol, 40 PRB case

As can be seen from Figure 1 and Figure 2, the larger number of the PRBs used, the more the power leakage to the neighboring PRBs because of the ICI/ISI.

3.2 Power control of D2D discovery and communication

In addition to the ICI/ISI due to FDM extended CP OFDM symbol and normal CP OFDM symbol, in-band emissions will also impact the cellular traffic. According to the agreed in-band emission model, if we transmit a 23dBm signal using 2PRBs, the in-band emission floor is around -15dBm. 
It is desirable to suppress the ICI/ISI from D2D discovery/communication signals and the in-band emissions to cellular traffics in order to protect the cellular traffic. The transmit power of the D2D discovery/communication signal should be limited. However, limiting the transmit power of the D2D discovery/communication signals will decrease the range of discovery/communication signals. To address this problem, the transmit power can be controlled by the network according to the position of the PRBs used by the D2D discovery/communication.

Figure 3 shows that the ICI/ISI level depends on the frequency spacing.
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Figure 3. ICI and ISI due to FDM of normal CP symbol and extended CP symbol, 2 PRB case

As can be seen in Figure 3, if we transmit D2D discovery/communication signal in PRB#0and PRB#1, the interference power level in PRB#5 is around -30dB lower than the target received power of the D2D discovery/communication signal, the interference power level in PRB#25 is -45dB lower than the target received power of the D2D discovery/communication signal. 

Using PUCCH as an example, the transmit power of the D2D discovery/communication signals transmitted at the edge area of one carrier should be limited to protect the PUCCH. In contrast, to guarantee the D2D discovery/communication range, the D2D discovery/communication signals transmitted at the central area of one carrier can use larger transmit power than the D2D discovery/communication signals transmitted at the edge area of one carrier. 

The position depending power control scheme is reflected by Eq. 1 below. 
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In Eq. 1, j is the position of the PRB the D2D discovery/communication signal. The network can configure different maximum transmit powers in different frequency positions by 
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. In addition, some margins, noted as a delta in Eq. 2, may be left to compensate the transmit power of some higher priority quality of service.
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Proposal 2: Apply power control to the transmit power of D2D communication/discovery.

Proposal 3: The transmit power control depends on the position of the PRBs for D2D communication/discovery

Proposal 4: The following equation is adopted for D2D communication/discovery power control.
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4 Conclusions

This paper discussed the CP length configuration for D2D communication and discovery. This paper also discussed the D2D impact on cellular traffic, especially study the co-existence of D2D signals with extended CP and WAN signals with normal CP.

The following proposals were made:

Proposal 1: The D2D discovery messages and cellular signals can use different CP lengths.

· The CP length for D2D discovery messages is signaled using common higher layer signaling (e.g., a SIB message)

Proposal 2: Apply power control to the transmit power of D2D communication/discovery.

Proposal 3: The transmit power control depends on the position of the PRBs for D2D communication/discovery.
Proposal 4: The following equation is adopted for D2D communication/discovery power control.
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