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1. Introduction
With the introduction of band n14 for NR SL enhancement, the UE Rx RF requirements were discussed and agreed TP. However, RAN4 do not make consensus on the REFSENS requirements for n14 NR PS UE since the initial proposed REFSENS level is large difference value between REFSEN of NR Uu and REFSENS of NR PS UE. 
[bookmark: _GoBack]Hence, we provide our view on the REFSENS requirements for NR SL enhancement UE in n14 NR band. 
2. Discussion of REFSENS requirements for D2D and LTE UE
The required REFSENS are defined in TS 36.101 for LTE n14 UE and LTE D2D UE ad follow
Table 1. REFSENS for LTE UE
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD



The uplink RB configuration is 15RBs for both 5MHz and 10 MHz.
For D2D UE in D2D in Rel-12, RAN4 agreed to use the following equation to derive REFSENS requirements for D2D device in TR36.877. This REFSENS equation is mean that only consider different point of the some element of parameters for REFSENS between LTE WAN UE and D2D UE.
	RefSensD2D = RefSensWAN + ∆SNRD2D-WAN + ∆ILUL-DL + 10log10(LCRB/NRB)
		(Eq.1)

	Where	

	RefSensD2D:
	Reference sensitivity for D2D (Rx on FDD UL) with new reference measurement channels

	RefSensWAN:
	Reference sensitivity for WAN (Rx on FDD DL) currently specified in TS 36.101.

	
	

	∆SNRD2D-WAN:
	Difference in decoding SNR requirements between the new reference measurement channels for D2D and currently specified WAN DL reference measurement channels.

	∆ILUL-DL:
	Difference in insertion loss on the UL receive path compared to the DL received path, and includes the difference of the UL filter compared to the DL filter of the band-duplexer and two switches on the UL path.

	LCRB:
	Transmission BW of the new D2D reference measurement channel

	NRB:
	Transmission BW configuration (since DL reference measurement channels are fully allocated)



Based on the above (Eq.1), RAN4 defined D2D REFSENS for Direct discovery and Direct Communication as follow
Table 2. REFSENS for D2D Direct discovery UE
	E-UTRA
ProSe Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	2
	
	
	-104.1
	-104.1
	-104.1
	-104.1
	HD

	3
	
	
	-103.1
	-103.1
	-103.1
	-103.1
	HD

	4
	
	
	-106.1
	-106.1
	-106.1
	-106.1
	HD

	7
	
	
	-103.8
	-103.8
	-103.8
	-103.8
	HD

	14
	
	
	-103.1
	-103.1
	
	
	HD



Table 3. REFSENS for D2D Direct communication UE
	Channel bandwidth

	E-UTRA
ProSe
Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	3
	
	
	
	-97.6 
	
	
	HD

	7
	
	
	
	-98.3 
	
	
	HD

	14
	
	
	
	-97.6 
	
	
	HD



For the Direct discovery, the RB size was restricted from 15RBs to 2RBs only without retransmission. So -103.1 dBm/10MHz was defined in Rel-12.
For the Direct communication, most parameters are same with LTE UE, but 4 retransmission are allowed for direct communication in reference measurement channel in TS36.101. Hence the better REFSENS was defined for direct communications compare to LTE B14 UE.
Table 4: Fixed reference measurement channel for PSSCH performance requirement
	Parameter
	Unit
	Value

	Reference channel 
	
	CD.1 FDD
	CD.2 FDD
	CD.3 FDD
	CD.4 FDD
	CD.5 FDD

	Channel bandwidth
	MHz
	5 / 10
	5 / 10
	5
	10
	5 / 10

	Allocated resource blocks
	
	10
	10
	25
	50
	2

	Subcarriers per resource block
	
	12
	12
	12
	12
	12

	DFT-OFDM Symbols per subframe 
(see Note 1)
	
	11
	11
	11
	11
	11

	Modulation
	
	QPSK
	16QAM
	16QAM
	16QAM
	QPSK

	Transport Block Size
	
	872
	2536
	6456
	12960
	328

	Transport block CRC	
	Bits
	24
	24
	24
	24
	24

	Maximum number of HARQ transmissions
	
	4
	4
	4
	4
	4

	Binary Channel Bits (see Note 1,2)
	Bits
	2640
	5280
	13200
	26400
	528

	Max. Throughput averaged over one sc-period (bits/sc-period)
	
	872
	2536
	6456
	12960
	328

	NOTE 1:	PSSCH transmissions are rate-matched for 12 DFT-OFDM symbols per subframe, and the last symbol shall be punctured as per TS 36.211.
NOTE 2:	Binary channel bits per HARQ transmission.
NOTE 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).



Also, RAN4 agreed the REFSENS equation for SL enh. WI in TR38.785 as follow
REFSENSV2X=kTB + SNRV2X +10log10(LCRB*SCS*12/RX_BW) +( NFV2X+ IM) – Diversity gain    (Eq.2)
Where
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)]dBm.
-	NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1.
-	IM: 2.5 dB is assumed. When the number of RB size is equal to or less than 24RBs, 0.5dB additional relaxation is allowed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB

We can compare the expected REFSENS with those two equation for n14 SL NR UE.
As Example, we can derive REFSENS for NR n1 UE. RAN4 can reuse the REFSENS equation in TR38.817-01 to calculate the REFSENS as following parameters in Eq. 3
Session 6.2 Receiver sensitivity in TS38.817-01
SNR was tentatively agreed as -1dB, the tentative value is the same as that for LTE. However, SNR will be further evaluated by link level simulation. Actually, the SNR under AWGN channel has no difference for different SCS and the demodulation performance for DFT-s-OFDM and CP-OFDM is the same as well. Therefore, the same SNR will be used to calculate REFSENS for different SCS.
The REFSENS for E-UTRA assumes that the receiver is equipped with two Rx port as a baseline. If 2Rx is considered, the diversity gain is 3dB and the Implementation Margin (IM) uses 2.5dB. In the following calculation, same assumptions are used for LTE refarming bands for NR.
The NF for the NR bands can reuse those for E-UTRA. For the three new NR bands, i.e. Bands n77~79, the agreed NR values are 10.5dB, 10dB and 10dB respectively.


NRREFSENS = -174dBm + 10*log10(RX BW) + SNR + 10log10(LCRB*SCS*12/RX_BW) + NF+IM – diversity gain  					(Eq. 3)
· Ex.1) NR n1REFSENS = -174+70-1.0-0.45+9+2.5-3  -96.8 dBm/10MHz
The calculated REFSENS of n1 NR UE was matched with -96.8 dBm/10MHz in Table 5.

However, the REFSENS of n14 NR UE was not directly derived by using the NR REFSENS equation (Eq.3) with 20RBs.
· Ex.2) NR n14REFSENS = -174+70-1.0-4.44+9+2.5-3  -100.8 dBm/10MHz
The REFSENS difference is about 7dB between specified level in Table 5 and calculated level for n14 UE. 
When RAN4 also consider the agreed equation as Eq.2 for NR SL UE, the calculated REFSENS was -100.4dBm
NR SL n14REFSENS=kTB + SNRV2X +10log10(LCRB*SCS*12/RX_BW) +( NFV2X+ IM) – Diversity gain
= -174+70 - 0.5 - 4.44 +9+2.5-3 = -100.4dBm/10MHz

Alternatively, RAN4 just can consider the D2D equation (Eq.1) to derive REFSENS level of n14 SL UE.
Based on the Eq.1, we can derive the 
· NR SL n14REFSENS = NR Uu n14REFSENS + ∆SNRSL-Uu + ∆ILUL-DL + 10log10(LCRB/NRB) = -93.8 + 0.5 + 0.1 + 0 = -93.2dBm
Where, the ∆SNRSL-Uu level was 0.1dB from the LTE D2D WI in TR36.877 and the ∆SNRSL-Uu is 0.5 dB which is from -1.0dB for NR Uu and -0.5dB for NR SL UE.
Table 5. Two antenna port reference sensitivity QPSK (REFSENS) for NR UE
[image: ]

Table 6. Uplink configuration for NR reference sensitivity requirements
[image: ]

Hence, RAN4 can reuse the REFSENS equation of D2D UE for NR SL enh. UE in NR refarming band. For the new NR band, there was no difference between Eq.2 and Eq.3 

Based on this analysis, we propose as follow
Proposal 1: RAN4 can reuse the REFSENS equation of D2D UE for NR SL enh. UE in NR refarming band. 
Proposal 2: For the number of RB size for REFSENS of SL enhancement UE in sidelink Tx configuration, RAN4 can consider the allowed LCRB allocation for NR SL UE that is same or close to uplink configuration for NR UE.

Based on this proposal we provide the contents of TP as follow
[bookmark: _Toc389726260][bookmark: _Toc389726498][bookmark: _Toc389726706][bookmark: _Toc408410550][bookmark: _Toc424910910][bookmark: _Toc436345279]*********************Start of the TP in section 8.2 in TR38.785***********************

[bookmark: _Toc36034825][bookmark: _Toc42537425][bookmark: _Toc46356490][bookmark: _Toc52566404][bookmark: _Toc63322672]8.2 SL enhancement UE Rx requirements
[bookmark: _Toc463997783][bookmark: _Toc36034826][bookmark: _Toc42537426][bookmark: _Toc46356491][bookmark: _Toc52566405]8.2.1 Reference sensitivity power level
The reference sensitivity power level REFSENS is the minimum mean power applied to the UE antenna connector at which the throughput shall meet or exceed 95% of the maximum throughput of the reference measurement channels.
The SL enhancement UE REFSENS is defined by the following equation: 
REFSENSV2X=kTB + SNRV2X +10log10(LCRB*SCS*12/RX_BW) +( NFV2X+ IM) – Diversity gain
Where
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)]dBm.
-	NF: Noise figure. 13 dB is used for LAA and can be reused for NR V2X requirements. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1.
-	IM: 2.5 dB is assumed. When the number of RB size is equal to or less than 24RBs, 0.5dB additional relaxation is allowed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB

For the REFSENS requirements of SL operation in the NR refarming bands, the reference sensitivity power level of SL enhancement UE is determined as following equation:
NR SLREFSENS = NR UuREFSENS + ∆SNRSL-Uu + ∆ILUL-DL + 10log10(LCRB/NRB)

The REFSENS requirements for NR SL enhancement are specified in Table 8.2.1-1.
Table 8.2.1-1: Reference sensitivity for NR SL enhancement (PC5)
	NR Operating band / SCS / Channel bandwidth / Duplex-mode

	V2X Band
	SCS
kHz
	5MHz
(dBm)
	10MHz
(dBm)
	20MHz
(dBm)
	30MHz
(dBm)
	40MHz
(dBm)
	Duplex Mode

	n14
	15
	-96.4TBD
	-93.2TBD
	
	
	
	HFDD

	
	30
	
	-93.5TBD
	
	
	
	

	
	60
	
	
	
	
	
	



Table 8.2.1-2: Sidelink TX configuration for reference sensitivity for NR SL enhancement (PC5)
	NR operating Band / SCS/ Channel bandwidth / NRB / Duplex mode

	V2X Band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz
(dBm)
	40 MHz
(dBm)
	Duplex Mode

	n14
	15
	205
	2050
	
	
	
	HFDD

	
	30
	
	1024
	
	
	
	

	
	60
	
	
	
	
	
	



************************************End of the TP*************************************
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