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1
Introduction
In last RAN1#76 meeting, CP length for D2D communication and discovery was discussed as the following [1]:
· Both extended CP length (512Ts) and normal CP length (144Ts) are supported in the specifications for D2D communication and discovery
· FFS: details of how to set the CP length
In this contribution, we will discuss how the CP length should be set for D2D broadcast communication and discovery. 
2
CP Configuration
LTE system supports normal CP (4.69μs) and extended CP (16.67μs) depending on channel delay spread and cell size. For example, normal CP is used for the environment with less delay spread and smaller cell radius, and extended CP is necessary to support large time dispersion at the cost of CP overhead. For the same reason, inter-cell D2D operation, inter-frequency D2D operation or D2D broadcast communication in out-of-network coverage benefits from using extended CP length, because it can accommodate paths with long time delays from far UEs and compensate for inaccuracies in the BS and UE timings. On the other hand, taking into account discovery operation in an indoor hotspot area within small cells, using normal CP would be enough to cover the channel delay spread and propagation delay. Thus, these facts naturally lead us to apply normal CP and extended CP in D2D PUSCH depending on channel environment and D2D operation to be supported. 
Observation 1: Depending on channel environment and D2D operation, normal CP and extended CP can be supported in D2D PUSCH.

In current LTE system, UL CP length can be configured by a higher layer parameter (UL-CyclicPrefixLength) via SIB2 signaling. Transmitting UEs have to generate SC-FDMA symbols based on this parameter when they transmit UL data and/or control, and the CP length information obtained from the parameter is valid for all UL subframes before the change of the parameter. Similarly, CP configuration for D2D PUSCH should be under full eNB control within network coverage and in partial network coverage, in order to support flexible D2D operation and to minimize WAN impact. For D2D broadcast communication in out-of-network coverage, CP length can be pre-defined or CP length information can be broadcast on PD2DSCH if it is supported, and transmitting UEs generate SC-FDMA symbols according to the information. Receiving UEs can blindly detect CP length in the course of D2D synchronization signal detection similar to DL CP detection in current LTE system if CP length is pre-defined. Otherwise, receiving UEs can obtain CP length information from PD2DSCH.

Observation 2: 
- Within network coverage, CP length can be configured by higher layer signaling from eNB.

- For partial network coverage, information of CP length can be relayed by in-coverage UEs to out-of-coverage UEs.

- For out-of-network coverage, CP length can be pre-defined or CP length information can be broadcast on PD2DSCH if supported. 
3
WAN Impact
Based on discussion in Section 2.1, it would be possible to use different CP configurations between WAN and D2D PUSCH. For example, a cell has small size and less delay spread environment, and normal CP is used in the cell for WAN communication. On the other hand, extended CP is used for D2D PUSCH to provide longer range of D2D communication and/or discovery. In this scenario, if WAN (e.g., PUCCH) and D2D PUSCH are FDMed within the same subframe, WAN reception at eNB suffers from ICI problem due to different symbol timing. In order to resolve ICI problem, several approaches have been proposed. More specifically, introducing guard bands between WAN and D2D PUSCH was discussed in [2], [3] and D2D PUSCH power control was taken into account in [3], [4]. Motivated by these facts, we will compare performance between two different schemes and discuss which scheme could be a good candidate to resolve ICI problem at eNB.
3.1
Evaluation assumptions

Different CP configurations between PUCCH and D2D PUSCH within the same subframe

On top of the assumption that normal CP is used for PUCCH and extended CP is used for D2D PUSCH, three different scenarios are considered as the following:

· W/O interference (No D2D PUSCH transmission): since there is no D2D PUSCH transmission, PUCCH does not suffer from ISI and ICI. This scenario can be considered to give the baseline of PUCCH performance.

· Guard bands without power control: TA and power control is applied for PUCCH, but D2D PUSCH is transmitted based on DL reference timing without power control. In this scenario, guard bands between PUCCH and D2D PUSCH are used. The number of guard RBs is one of system parameters and we will show PUCCH SINR performance as the number of guard RBs varies.
· Power control without guard bands: open-loop power control mechanism is used for D2D PUSCH and there are no guard bands.
Same CP configurations between PUCCH and D2D PUSCH within the same subframe

Taking into account that normal CP is used for PUCCH and D2D PUSCH within the same subframe, two different scenarios are considered as the following:
· W/O interference (No D2D PUSCH transmission): since there is no D2D PUSCH transmission, PUCCH does not suffer from ISI and ICI. This scenario can be considered to give the baseline of PUCCH performance.

· With interference (D2D PUSCH transmission): PUCCH is affected by ICI from D2D PUSCH due to different transmit reference timing.
3.2
Evaluation Results

Figure 1 is showing CCDFs the PUCCH SINR received at eNB depending on ISD and channel models. Detailed simulation parameters in Annex. It is observed that if the same CP configurations are used, we cannot see significant PUCCH performance degradation in AWGN and EPA channel models.
Observation 3: If same CP lengths are used for PUCCH and D2D PUSCH within the same subframe, PUCCH performance is not affected by ICI when the channel delay spread is not severe.
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	Figure 1: CCDFs of the PUCCH SINR received at eNB receiver: same CP configurations


Figure 2 and Figure 3 are showing CCDFs of the PUCCH SINR received at eNB depending on the number of guard RBs, ISD and channel models. Detailed simulation parameters are provided in Annex. In the figures, guard RB x means that we use 2x guard RBs on top and bottom between PUCCH and D2D PUSCH. From the figures, it should be noted that PUCCH suffers from very high interference when different CP lengths are used for PUCCH and D2D PUSCH, and guard RBs cannot resolve ICI problem even when multi-path fading does not exist.
Observation 4: Guard RBs cannot be a good candidate to resolve ICI problem when different CP lengths are used for PUCCH and D2D PUSCH. 
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	(a) AWGN channel
	(b) EPA

	Figure 2: CCDFs of the PUCCH SINR received at eNB receiver: ISD = 500m
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	Figure 3: CCDFs of the PUCCH SINR received at eNB receiver: ISD = 1732m


Figure 4 is showing CCDFs of the PUCCH SINR received at eNB when transmission power control is applied for D2D PUSCH. Detailed simulation parameters are provided in Annex. In the figures, it is observed that if D2D PUSCH transmission power decreases properly, e.g., if the UEs who are close to eNB decrease their D2D transmission power, PUCCH performance can be guaranteed. It should be also noted that open-loop power control can mitigate in-band emission problem as shown in our companion document [5].Thus, we can conclude that open-loop power control can be a good solution to resolve ICI problem as well as in-band emission by D2D UEs.
Observation 5: Open-loop power control can be a good solution to minimize WAN impact even when different CP lengths are used for PUCCH and D2D PUSCH.
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	(a) ISD = 500m
	(b) ISD = 1732m

	Figure 4: CCDF of the PUCCH SINR received at eNB receiver: power control in EPA channel model


4   Conclusion
This document has discussed how to set CP length for D2D broadcast communication and discovery. Moreover, we have analyzed how much D2D PUSCH impacts on WAN PUCCH performance when different CP lengths are used for PUCCH and D2D PUSCH. The following are our observations and proposals:
Observations 
· Depending on channel environment and D2D operation, both normal CP and extended CP can be supported in D2D PUSCH.
· Within network coverage, CP length can be configured by higher layer signaling from eNB.

· For partial network coverage, CP length information can be relayed to out-of-coverage UEs by in-coverage UEs.
· For out-of-network coverage, CP length can be pre-defined or CP length information can be broadcast on PD2DSCH if supported.
· If same CP lengths are used for PUCCH and D2D PUSCH within the same subframe, PUCCH performance is not affected by ICI when the channel delay spread is not severe.
· Guard RBs cannot be a good candidate to resolve ICI problem when different CP lengths are used for PUCCH and D2D PUSCH. 
· Open-loop power control can be a good solution to minimize WAN impact such as ICI and in-band emission problems.
Proposals: 
· Both normal CP and extended CP should be supported in D2D PUSCH.

· CP configuration should be under full eNB control within network coverage and in partial network coverage to provide flexible D2D operation depending on channel environment.
· For out-of-network coverage, extended CP length should be mandatory to provide reliable performance.
· Same CP length should be used to minimize WAN impact when PUCCH and D2D PUSCH are FDMed within the same subframe.
· Open-loop power control for D2D PUSCH transmission should be taken into account to minimize WAN impact.
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A   Evaluation Assumptions
A.1
Resource allocation
A DUE (D2D UE) can transmit its discovery signal using one DRB (discovery resource block) which consists of one subframe and a resource block, i.e., one PRB pair as shown in [5]. For every DUE, one DRB is selected randomly from nRB×nSF, where nRB is the number of DRBs in a discovery subframe and nSF is the number of subframes in a discovery duration. nRB = 44 and nSF = 10 are used for the evaluation.
A.2
Interference calculation
· Randomly drop150 DUEs in each sector.

· Randomly select one DUE from the reference cell i.e., centre cell. The UE will act as the PUCCH transmitter (i.e., legacy UE) and its serving eNB will act as the PUCCH receiver during the simulation. The legacy UE randomly selects a single RB in PUCCH region (6 RBs) within a discovery subframe.

· Every DUE randomly selects one DRB to transmit discovery information in a discovery duration (10ms).

· When a legacy UE transmits PUCCH by using a randomly selected single RB allocated in the nth subframe, DUEs who transmit discovery information by using the DRBs allocated in the (n – 1)st subframe and the nth subframe could be interferers at the eNB receiver.

· SC-FDMA signal is generated at D2D transmitters and reception timing at the eNB receiver is calculated depending on the distance between the DUE and the eNB.

· SINR is calculated as the following:

· Desired signal power is sum of the received PUCCH power at eNB transmitted from the legacy UE within FFT processing window when there is no D2D PUSCH.

· Interference power is total received PUCCH power within the FFT processing window minus the desired signal power.

· In order to focus on the impact of ICI, inter-cell interference between PUCCHs is not taken into account.
B   Evaluation Parameters

	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
	Hexagonal grid, 7 cell sites, 3 sectors per site, wrap around

Option 3: Urban macro (500m ISD) (all UEs outdoor) 
Option 5: Urban macro (1732m ISD) (all UEs outdoor)

	Carrier frequency
	2GHz for option 3, 700MHz for option 5

	Number of D2D UEs
	150 UEs per sector

	FFT size
	1024

	CP size
	72/80 samples (Normal CP), 256 samples (extended CP)

	Path loss model
	Agreed assumption

	
	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
	O2O
	7 dB log-normal

	Multi-path model
	AWGN, EPA

	Noise Figure
	9 dB

	In-band emission model
	Not applied

	Discovery Resources
	44 RBs × 10 subframes

	PUCCH zone
	6 RBs per each subframe

	Max. transmission power
	23dBm for option 3 and option 5

	Power control
	Open-loop power control

	Network Synchronization
	Synchronous network


