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1. Introduction

In RAN4 #78, #78bis, and #79, RAN4 discussed the RF requirements for LTE-V2V (enhancements to Sidelink for V2V services) [1]

 REF _Ref458772364 \r \h 
[2]

 REF _Ref458772365 \r \h 
[3]

 REF _Ref458772366 \r \h 
[4]. In RAN4 #79, it was agreed to use the legacy Tx and Rx requirements as baseline while evaluating them for LTE-V2V UE.
In this paper, we comment on some specific RF requirements that differ from legacy requirements. IN particular, the following aspects are discussed:
· MPR for simultaneous PSCCH and PSSCH transmissions: In Section 2
· A-SEM requirements for Region 1 for ITS spectrum: In Section 3
2. MPR for simultaneous PSCCH + PSSCH transmissions

For legacy UL, the MPR is defined for all the contiguous and non-contiguous allocations for PUSCH, and other UL channels (PRACH, PUCCH, SRS) follow the MPR as specified for PUSCH QPSK.
For ProSe, we reused the MPR for Sidelink channels as specified for PUSCH (since the Sidelink transmissions resemble PUSCH waveform), apart from SSSS signal (that lacks the DFT-precoding done for PUSCH) for which the MPR was specified separately in Table 6.2.3D-1.

For V2V, RAN1 agreed to allow for simultaneous PSCCH (control) and PSSCH (data) transmissions within the same subframe. Both PSCCH and PSSCH individually resemble PUSCH (i.e. SCFDMA waveform), but the MPR due to simultaneous transmission of PSCCH and PSSCH needs to be specified. In this section, we explain further why the existing MPR requirements (for contiguous and non-contiguous allocations) cannot be reused for simultaneous PSCCH + PSSCH transmissions.
For simultaneous PSCCH and PSSCH transmission on a given subframe, RAN 1 agreements are summarized below [R1-165965]

	RAN1 agreements on simultaneous PSCCH and PSSCH transmissions on a subframe

	Agreements:
· Allow resource pool definition where SA and associated Data transmitted on the same subframe are always adjacent in frequency

· All the PRBs used for the SA and associated data transmissions should be contiguous in frequency.
· Details FFS

· For a SA and associated data resource pool it should be (pre)configured whether the SA and associated data transmission by all the UEs using this pool either occur on the same subframe in an adjacent manner, or occur on different subframes, (FFS or occur on the same subframe in a potentially non-adjacent manner).

· If the FFS part is not supported, this reverts the existing agreement “When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.”

· Strive for not increasing the number of SA blind decoding to enable this.



Observation 1: Current MPR requirements for PUSCH are defined for the classifications of contiguous and non-contiguous allocations
Oberavation2: RAN1 has agreed to support simultaneous PSCCH and PSSCH transmission on a given subframe, when:

· PSCCH and PSSCH are adjacent 

· FFS when PSCCH and PSSCH are non-adjacent

With this background, we observe that the waveform with simultaneous PSCCH and PSSCH transmission (adjacent or non-adjacent) will be different from a single-cluster or multi-cluster PUSCH waveform due to multiple DFT pre-coders. IN other words, simultaneous PSCCH and PSSCH is a 2 x SC-FDMA waveform, while PUSCH single-cluster is SC-FDMA and multi-cluster PUSCH is (DFT-S-OFDM). The PAPR for 2 x SC-FDMA is higher than SC-FDMA and DFT-S-OFDM for the same number of allocated RBs.

The baseband processing is depicted in the figures below.
· Contiguous allocations: Error! Reference source not found. and Error! Reference source not found. compare the case of single-cluster PUSCH vs. the case of simultaneous (and adjacent) PSCCH + PSSCH transmissions. In terms of the resource utilization, both these cases follow ‘contiguous allocations’. However, the PAPR of simultaneous (and adjacent) PSCCH + PSSCH will be higher than single-cluster PUSCH. Hence it’s not appropriate to reuse the MPR requirements for PUSCH with contiguous allocations for simultaneous (adjacent) PSCCH + PSSCH transmissions
· Non-contiguous allocations: Figure 3 and Figure 4 compare the case of multi-cluster (2-cluster) PUSCH vs. the case of simultaneous (non-adjacent) PSCCH + PSCCH transmissions. Both have non-contiguous allocations, however, the waveform is different since multi-cluster PUSCH is still using one DFT. The waveform is then simply DFT-S-OFDM, while simultaneous PSCCH +PSCCH is a 2xSC-FDMA waveform. The PAPR of 2xSC-FDMA is higher than DFT-S-OFDM waveform. Hence it’s not appropriate to reuse the MPR requirements for PUSCH with non-contiguous allocations for simultaneous (non-adjacent) PSCCH + PSSCH transmissions. 
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Figure 1: Single-cluster PUSCH transmission 
(SC-FDMA waveform)
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Figure 2: Simultaneous (adjacent) PSCCH + PSSCH  transmission (2 x SC-FDMA waveform)
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Figure 3: Multi-cluster PUSCH transmission
(DFT-S-OFDM waveform)
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Figure 4: Simultaneous (non-adjacent) PSCCH + PSSCH transmission (2 x SC-FDMA waveform)


Observation 3: The waveform for simultaneous PSCCH + PSSCH waveform differs from single and multi-cluster PUSCH transmissions.
· simultaneous PSCCH + PSSCH (adjacent or non-adjacent): 2 x SC-FDMA

· single-cluster (contiguous) PUSCH: SC-FDMA

· multi-cluster (non-contiguous) PUSCH : DFT-S-OFDM

Observation 4: The PAPR of 2 x SC-FDMA is higher than SC-FDMA and DFT-S-OFDM waveforms, and hence existing MPR requirements for PUSCH cannot be reused.

Proposal 1: RAN4 should study and specify the MPR for simultaneous PSCCH + PSSCH (adjacent and non-adjacent (if supported)) transmissions.

3. A-SEM requirements for Region 1 for ITS spectrum
As noted in the TR 36.785, there are specific region 1 specific SEM requirements for ITS spectrum [ETSI TS 302.571]. The requirements are applicable for 5855 MHz to 5925MHz (corrected from 5950 MHz), beyond which the requirements on clause 4.2.1 in TS 302.571 apply.

In the current version of the specification EN 302.571 v2.0.0, the SEM requirements are shown as follows:

Table 1: Transmitter spectrum mask for 10 MHz channel bandwidth in Region 1 for 5855-5950 MHz
(as specified currently in EN 302.571 v2.0.0)

	Power Spectral Density at the carrier centre frequency fc (dBm/100 kHz)
	± 4,5 MHz

offset

(dBm/100 kHz)
	± 5,0 MHz

offset

(dBm/100 kHz) 
	± 5,5 MHz

offset

(dBm/100 kHz)
	± 10 MHz

offset

(dBm/100 kHz)
	± 15 MHz

offset

(dBm/100 kHz)

	0
	0
	‑26
	‑32
	‑40
	‑50


However, it was recognized that the above requirements are not correct as specified currently, since PSD of 0dBm/100kHz on the carrier center frequency leads to only 20dBm maximum transmit power. In the resolution comments [5], corrections to the specification EN 302.571 in this regard were agreed. With the agreed corrections, the modified SEM table is shown in Table 2.
Table 2: Transmitter spectrum mask for 10 MHz channel bandwidth in Region 1 for 5855-5925 MHz
(as specified currently in EN 302.571 v2.0.0 + agreed corrections in [5])

	Power Spectral Density at the carrier centre frequency fc (dBc)
	± 4,5 MHz

offset

(dBc)
	± 5,0 MHz

offset

(dBc) 
	± 5,5 MHz

offset

(dBc)
	± 10 MHz

offset

(dBc)
	± 15 MHz

offset

(dBc)

	0
	0
	‑26
	‑32
	‑40
	‑50

	Note: The relative power values given in Table 6 are valid for the maximum allowed output power as given in Clause 4.2.2.2. For devices with lower maximum output power values, absolute limits shall be calculated at maximum allowed output power given in Clause 4.2.2.2 and these absolute values shall be used for testing devices with lower output power values.


Figure 5 compares the LTE general SEM mask with the ETSI ITS mask specified in 302.571 (along with agreed revisions in [5]. As can be seen, the ETSI mask is tighter than LTE SEM mask, and we propose to include it as A-SEM using NS requirement. A-MPR should also be studied, in particular with simultaneous PSCCH + PSSCH transmissions due to inter-mods between clusters that can cause SEM to be a main contributing factor in some waveforms.
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Figure 5: Comparison of LTE SEM with ETSI ITS mask (after corrections)
Observation 5: The revised transmitter spectrum mask requirements for Region 1 are summarized in Table 2.
Proposal 2: Region 1 specific requirements on SEM can be included under NS signaling. A-MPR to meet the A-SEM requirements should also be studied and specified.
4. Conclusions
In this paper, we provide a discussion on some RF requirements for LTE-V2V.
(MPR for simultaneous PSCCH and PSSCH transmissions)

Observation 1: Current MPR requirements for PUSCH are defined for the classifications of contiguous and non-contiguous allocations
Oberavation2: RAN1 has agreed to support simultaneous PSCCH and PSSCH transmission on a given subframe, when:

· PSCCH and PSSCH are adjacent 

· FFS when PSCCH and PSSCH are non-adjacent

Observation 3: The waveform for simultaneous PSCCH + PSSCH waveform differs from single and multi-cluster PUSCH transmissions.

· simultaneous PSCCH + PSSCH (adjacent or non-adjacent): 2 x SC-FDMA

· single-cluster (contiguous) PUSCH: SC-FDMA

· multi-cluster (non-contiguous) PUSCH : DFT-S-OFDM
Observation 4: The PAPR of 2 x SC-FDMA is higher than SC-FDMA and DFT-S-OFDM waveforms, and hence existing MPR requirements for PUSCH cannot be reused.

Proposal 1: RAN4 should study and specify the MPR for simultaneous PSCCH + PSSCH (adjacent and non-adjacent (if supported)) transmissions.

(A-SEM requirements for Region 1 for unlicensed ITS spectrum)

Observation 5: The revised transmitter spectrum mask requirements for Region 1 are summarized in Table 2.
Proposal 2: Region 1 specific requirements on SEM can be included under NS signaling. A-MPR to meet the A-SEM requirements should also be studied and specified.
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