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1 Introduction
In this contribution we study the impact of timing misalignment of ProSe transmissions on cellular UE performance when ProSe UEs and cellular UEs are scheduled in the same subframe. A non-negligible impact has only been observed when the SNR of the interfering ProSe transmitter is medium-high, i.e., when the ProSe UE is close to the eNodeB and/or transmits at a high power.
Based on the above analysis, we discuss TA and CP length assumptions for ProSe channels and signals following the RAN1#76bis agreement:

Agreement:

· If the transmitting UE is in-coverage, the CP lengths for D2D signals and cellular traffic are independently configured
· D2D CP length is set by common higher layer signaling 
· FFS whether the SA, D2D data and D2DSS may use different CP lengths

· FFS which CP length to use /how to configure it if the transmitting UE is not in-coverage
· The impact on cellular traffic of using a different CP length for D2D should be minimised. 
2 Impact of Time Misalignment for Co-Scheduled ProSe and Cellular UEs
Strong ICI between ProSe and cellular UL transmissions may be due to mismatch in the CP lengths. Furthermore, a combination of ICI and ISI may be produced by misaligned timing at the receiver. In this section we study by simulation the impact on cellular of the second case, i.e., when an interfering D2D transmission is not timing aligned with a cellular UL PUSCH transmitted on other PRBs of the same subframe.

In Figure 1 we show simulation results for EPA and ETU channels, respectively, when the time misalignment between the interfering and victim UEs is 20 us. The figures show cellular UE throughput results vs. its SNR for different SNRs (-10/0/10/20 dB) of the interfering ProSe UE. Additional interfering SNR levels are shown in the Appendix.
Two UEs are simulated, one cellular UE (victim) and one interfering ProSe UE (interferer). The UEs are scheduled in adjacent RBs (i.e., without spacing). The cellular UE is allocated 6 RBs with 4 (re)transmissions, and it applies legacy link adaptation. The ProSe UE is scheduled with 2 RBs, and it transmits with a fixed MCS.

Furthermore, in Figure 2and Figure 5, we also show more detailed results. In Figure 2, we show the throughput difference between the time misalignment of 0us, 10 us and 20 us. 
Note that only ICI is considered in these simulations, assuming perfect frequency synchronization between D2D/cellular and neglecting inband emissions. Therefore, the interference towards cellular might be slightly underestimated because of the above simplifications.

Observations: 
· The impact of time misalignment is similar for EPA and ETU channel models

· For the simulated parameters, the largest relative throughput loss occurs when the interferer and the victim signals misalignment exceeds CP

· For the simulated parameters, the additional throughput loss when the misalignment exceeds 10us is relatively smaller than the loss occurring at 10us misalignment

· For the simulated parameters, throughput loss is only visible when the D2D interferer exceeds approximately 13dB SNR at the eNB
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Figure 1: Cellular UE throughput (6 PRBs) as a function of SNR, one D2D interferer (2 PRBs), 20 us time misalignment, normal CP, EPA (left), ETU (right).
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Figure 2: Comparison of impact of timing misalignment for 10us and 20us time misalignment, EPA.
3 CP Length, Timing and Multiplexing for ProSe Signals and Channels

The simulation results in Section 2 are considered here for guiding the design of the D2D frame. Even though the exact configuration of the pools should be left to eNB, we believe that the configuration should be flexibile enough to support the scenarios described here. Details about pools are also provided in [1][2][3].
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Figure 3: Example of D2D frame structure (communication pools). In this example the NW configures FDM between mode-1 and mode-2. If mode-2 is configured only for cell-edge UEs, the mode-2 resources can be reused for PUSCH transmission by UEs closer to the eNB (up to scheduler implementation). The configurable CP length should be the same for D2DSS and all Mode-1 and Mode-2 SAs in the same SA subframe, to limit ISI/ICI.
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Figure 4: Example of D2D frame structure (discovery pools). In this example the NW configures TDM between type-1 and type-2. The Type-2 resources can be reused for PUSCH transmission thanks to the UL TA (up to scheduler implementation). 

Figure 3 and Figure 4 contain examples of signals multiplexing and TA/CP allocations. 
· PUCCH protection band: inband emissions are particularly strong in the 3 PRBs close to the interferer. eNBs must have the freedom to reserve a certain bandwitch from the carrier-edge, in order to protect PUCCH if desired.

· D2DSS uses TA=0 (even IDLE UEs must be able to transmit D2DSS). The CP length can be configurable by SIB or according to UE pre-configuration for out of coverage UEs.

· SA (mode-1 and mode-2) use a configurable CP by SIB (the same as D2DSS) and fixed TA=0. The assumption of TA=0 helps reducing the receiver search window in time.

· The SA pools may be configured on subset(s) of the bandwidth

· Data (mode-1) use UL TA and cellular CP for enabling FDM with PUSCH (up to eNB implementation)

· Data (mode-2) use TA=0 and configurable CP.

· Note: if the mode-2 resources are reserved to out of coverage transmitters, their interference at the eNB is limited despite the lack of TA (see results in Section 2).
· Discovery (Type-1) use TA=0 and configurable CP.

· Discovery (type-2) use UL TA and cellular CP for enabling FDM with PUSCH (up to eNB implementation)

· All the pools may be configured on subset(s) of the bandwidth.
Proposals: 

· All the resource pools may be configured on subset(s) of the bandwidth

· D2DSS, SA, Mode-2 data and Type-1 discovery use configurable CP length

· Mode-1 data and Type-2 discovery follow the cellular CP length

· D2DSS, SA, Mode-2 data and Type-1 discovery use TA=0

· Mode-1 data and Type-2 discovery use the UL TA
4 Summary

The following have been observed and proposed in this contribution:
Observations: 

· The impact of time misalignment is similar for EPA and ETU channel models

· For the simulated parameters, the largest relative throughput loss occurs when the interferer and the victim signals misalignment exceeds CP

· For the simulated parameters, the additional throughput loss when the misalignment exceeds 10us is relatively smaller than the loss occurring at 10us misalignment

· For the simulated parameters, throughput loss is only visible when the D2D interferer exceeds approximately 13dB SNR at the eNB

Proposals: 

· All the resource pools may be configured on subset(s) of the bandwidth

· D2DSS, SA, Mode-2 data and Type-1 discovery use configurable CP length

· Mode-1 data and Type-2 discovery follow the cellular CP length

· D2DSS, SA, Mode-2 data and Type-1 discovery use TA=0

· Mode-1 data and Type-2 discovery use the UL TA
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Appendix
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Figure 5: Additional results for different interferer levels, 10 us, EPA.

[image: image7.png]PUCCH protection band
(by eNB configuration)

Discovery msg (Type-2)
(ULTA, cellular CP)

Type-2 discovery PUSCH *
pools (ULTA; cellular CP)

Discovery msg (Type-2)
ULTA,

PUCCH protection band
(by eNB configuration)

PUCCH protection band
| (by eNB configuration)

Discovery msg (Type-1)
TA=0, configurable CP

Type-1 discovery pool

Discovery msg (Type-1)
TA=0, configurable CP

PUCCH protection band
(by eNB configuration)

Type-2 discovery
subframe

Type-1 discovery
subframe



[image: image8.png]Mode-1 SA pools

D2DSS
0, configurable CP)

(TA=

SA (mode-1)
TA=0, configurable CP]

SA (mode-1)
(TA=0, configurable CP)

SA (mode-2)
TA=0, configurable CP]

}

PUCCH protection band
(by eNB configuration)

PUCCH protection band
(by eNB configuration)

Data (mode-1)
(ULTA, cellular CP)

Data (mode-1)
(ULTA, cellular CP)

TA=0, configurable CP]
PUSCH
(ULTA, cellular CR)

SA subframe

Mode-2 Data subframe

Mode-2 data pool

(note that Mode-1 data is not restricted to the Mode-2 Data pool)



