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Introduction
In this paper we propose alternate values for diversity gain for NR V2X to be used in the formula agreed to in the RAN#94-e[1]. We also propose a reference measurement channel and simulation assumptions which can be used to simulate the agreed target REFSENS SNR=-1dB for NR V2X and we present REFSENS numbers based on a proposed LCRB formulation.
In large form factor implementations such as in vehicles external components may be used to move the antenna away from the UE. This leads to an ambiguity as to the location of the reference point for transceiver specifications. To resolve this ambiguity this paper proposes a clarification to section 7.1 of the TS38.101-1 specification for the case when external components are used.
Discussion
2.1 Diversity gain for NR V2X
In RAN4#95-e simulation results were presented [2] to illustrate that with ideal channel estimation the diversity gain from 2Rx compared to 1Rx is 3dB. Note that in order to explore the full diversity gain, RF components on the front end for the two antennas have to match perfectly, and baseband channel estimation algorithm is required to achieve error free estimation. Only with the error-free RF components and baseband algorithm altogether, 3dB gain is achievable.  However, with a real channel estimation algorithm and non-ideal RF components, due to various real-world demodulation impairments, the diversity gain is far less than 3dB, especially for low SNR cases, in which channel estimation algorithm tends to perform poorly. 
We demonstrate the effect of baseband channel estimation algorithm on diversity gain in the following. Note that to isolate channel estimation algorithm effect, we assume RF components to be perfect and floating-point algorithm implementation is considered. When we compare the 5% BLER SNR point with the same MCS between 1Rx and 2Rx results, 2Rx SNR point is in average about 2.5dB lower than 1Rx, hence this is the diversity gain UE can practically achieve when RF components are assumed to be perfect, and floating point algorithm is considered. Table 1 presents the diversity gain for the various code rates in figure1.

	MCS setting
	Diversity Gain (dB)

	MCS2
	2.4

	MCS3
	2.5

	MCS4
	2.6



Table 1 – Diversity gain for various MCS settings

Figure 1 – 1Rx & 2RX BLER for various code rates
Note that a higher diversity gain has a direct impact on REFSENS making the RX sensitivity lower and more challenging to meet. For example, in V2X assigning 3dB to diversity gain as opposed to 2.5dB makes the REFSENS 0.5 dB more sensitive. 
Observation 1: Higher diversity gain makes the REFSENS lower and more challenging for the system to satisfy
Proposal 1: Use a value of 2.5dB for diversity gain for NR V2X REFSENS calculations

2.2 Reference measurement channel for REFSENS
In RAN4#95-e it was agreed [3] that the target SNR be set to the previously chosen value of -1dB and the reference channel coding be selected to meet this value at 5% BLER. In NR Uu, the reference measurement channel is with QPSK and code rate 1/3, which corresponds to MCS 4. However, NR-V2X cannot achieve the same BLER under the same SNR as NR Uu, given the configuration on both devices are equivalent. The performance loss is from the following difference between NR Uu and NR-V2X:
1. Lack of long-term propagation delay profile (PDP) and timing offset estimation: in NR Uu, UE can rely on TRS to accurately estimate PDP and timing offset by filtering across several TRS. In contrast, lack of reference signal across slots, for NR-V2X UE, PDP and timing offset estimation is done only by single slot DMRS
1. Lack of long-term Doppler spread and frequency offset estimation: similarly, TRS in NR Uu can provide reliable long-term estimation of Doppler spread and frequency offset, while NR-V2X UE can only estimate Doppler spread and frequency offset from single slot DMRS. 
1. In NR-V2X, fewer SCH symbols are available in each slot, only 10 symbols at most, while in NR up to 12 SCH symbols are available. This results in smaller code length, and LDPC code can suffer from performance loss when code length gets smaller.  

To design an appropriate reference measurement channel, simulations were run for different MCS settings for BWs listed in the REFSENSE table3 and the results obtained are shown in table 2. Table2 indicates that MCS4 cannot achieve the target SNR of -1dB for BW≤20MHz.  MCS 3 can achieve the target SNR for BW≥10MHz but with no SNR margin at 10MHz and MCS 2 can meet the target SNR for all BWs. It is proposed that for the target SNR=-1dB that MCS2 be used for BW≤10MHz and MCS3 be used for BW≥20MHz. 
[bookmark: _Hlk47622938]Note that in 10MHz, only 24RBs are available, which corresponding to small number of pilot REs on frequency domain. As explained in the previous paragraph, averaging/filtering across time domain for PDP and Doppler spread estimation is not available. If further restrictions are put on the frequency domain due to narrow bandwidth considered, more significant degradation in channel estimation is expected, which aligns to our simulation results that much higher SNR is required to achieve the same BLER in 10MHz BW when compared with larger bandwidth.

This MCS selection scheme enables the same target SNR to be used for all BWs as agreed in [3] and ensures that the SNR margin, which is the SNR required for 5% BLER compared to the target SNR, remains approximately 0.7  dB to 1.0 dB for all BWs. These margins are required since the simulations are based on floating point implementation. 
	 
	 
	SNR required for BLER 0.05

	BW_MHz
	Nrx Antennas
	MCS2
	MCS3
	MCS4

	 
	 
	 
	 
	 

	10
	1
	-2.0
	-1.0
	-0.2

	20
	1
	-2.7
	-1.6
	-0.8

	30
	1
	-2.9
	-1.7
	-1

	40
	1
	-3.1
	-2.0
	-1.1



Table 2 – SNR for various BW and MCS settings

Proposal 2: For the reference channel use coding scheme MCS2 for BW≤10MHz and MCS3 for BW≥20MHz

The reference channel configurations are given in table 2 the various BW and SCS settings

	Chan_bw__
MHz
	SCS_
KHz
	Alloc res_blk
	Sub_Chan_num_of_RBs
	PSCCH_num_of_sym
	PSCCH_num_of_RBs
	CP_OFDM_Sym_per_slot
	Mod
	MCS_Ind
	MCS_ tbl
	Tgt_Coding_Rate
	Payload_size
	Transport_blk_CRC
	LDPC_Base_Graph
	Num_of_code_blk_per_slot
	Total_num_of_bits_per_slot
	Tot_mod_sym_per_slot
	SCI-2 REs

	10
	15
	50
	10
	3
	12
	14
	QPSK
	2
	qam64
	0.188
	2408
	16
	2
	1
	12360
	6180
	180

	10
	30
	24
	12
	3
	12
	14
	QPSK
	2
	qam64
	0.188
	1032
	16
	2
	1
	5400
	2700
	180

	10
	60
	10
	10
	3
	12
	14
	QPSK
	2
	qam64
	0.188
	336
	16
	2
	1
	1800
	900
	180

	20
	15
	105
	15
	3
	10
	14
	QPSK
	3
	qam64
	0.245
	6536
	24
	2
	2
	26724
	13362
	138

	20
	30
	50
	10
	3
	10
	14
	QPSK
	3
	qam64
	0.245
	3104
	16
	2
	1
	12444
	6222
	138

	20
	60
	24
	12
	3
	10
	14
	QPSK
	3
	qam64
	0.245
	1352
	16
	2
	1
	5484
	2742
	138

	30
	15
	160
	10
	3
	10
	14
	QPSK
	3
	qam64
	0.245
	10248
	24
	2
	3
	41484
	20742
	138

	30
	30
	75
	15
	3
	10
	14
	QPSK
	3
	qam64
	0.245
	4616
	24
	2
	2
	18804
	9402
	138

	30
	60
	36
	12
	3
	10
	14
	QPSK
	3
	qam64
	0.245
	2152
	16
	2
	1
	8652
	4326
	138

	40
	15
	216
	12
	3
	15
	14
	QPSK
	3
	qam64
	0.245
	13832
	24
	2
	4
	56172
	28086
	138

	40
	30
	105
	15
	3
	15
	14
	QPSK
	3
	qam64
	0.245
	6536
	24
	2
	2
	26724
	13362
	138

	40
	60
	50
	10
	3
	15
	14
	QPSK
	3
	qam64
	0.245
	3104
	16
	2
	1
	12444
	6222
	138

	NOTE 1: MCS Index is based on MCS table 5.1.3.1-1 defined in TS 38.214.
NOTE2: Num of DMRS=2
NOTE3: DMRS time pattern=2
NOTE4: Beta offset for second stage control=1.125
NOTE5: Second stage control format=2A
NOTE6: Second_stage_control_payload_size=35
NOTE7: PFSCH_overhead_indicator=0
NOTE8: Overhead_value=0




Table 3 – Reference channel configurations

Proposal 3: Adopt the reference channel configurations given in table3


2.3 Clarification of location for RX measurements


Figure 2. UE with external cable and compensator for V2X application
In RAN4 the common understanding is that the UE antenna connector is located at the output of the UE as indicated in figure 3. In V2X applications due to the large form factor there may be an external vehicle antenna connector placed away from the UE. In this scenario there is potential for uncertainty as to whether the transceiver specifications are referenced to the UE antenna connector or the vehicle antenna connector.  To resolve this ambiguity wording should be inserted into TS38.101-1 in section 7.1 to clarify the reference point for the transceiver specifications as being at the UE antenna connector and to also state that any components external to the UE used to move the UE antenna connector to any other location will not be considered in these specifications. It is proposed that the following wording be added to section  7.1 of TS38.101-1:


· 7	Receiver characteristics
· 7.1	General
· Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE. For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. For UEs with more than one receiver antenna connector, identical interfering signals shall be applied to each receiver antenna port if more than one of these is used (diversity). For V2X applications the receiver characteristics are specified at UE antenna connector without any external components that may be used to relocate the antenna away from the UE. An example of a V2X UE integration block diagram is illustrated in annex G.
The sentences added to section 7.1 are indicated in bold text. The V2X UE integration block diagram in annex G and associated text is given below.
Annex G of TS38.101-1 (Informative) 
· Figure G.1-1 shows a V2X integration block diagram with an example set of components external to the UE such as cables and compensator devices. 
[image: ]
Figure 3. V2X UE integration block diagram and associated text for annex G in TS38.101-1

Proposal 4: Revise wording in section 7.1 of TS38.101-1 as outlined above
Proposal 5: Add V2X UE integration block diagram and associated text in figure 3 to annex G of TS38.101-1

2.4 Calculation of REFSENS for NR V2X
The REFSENS equation is given as follows:

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. FFS on whether 9dB NF will be considered for the licensed bands.
-	IM: 2.5 dB is assumed.
-	Target SNR: -1 dB
-	Diversity gain: 2.5dB 
It is proposed that LCRB is determined based on N*subchannel_size ≤  NRB where subchannel_size = {10, 12, 15, 20, 25, 50, 75, 100} and N is an integer value such that N*subchannel_size  is closest to NRB  but does not exceed it. Based on this rule the following LCRB values were calculated for each BW as shown in table 4 and the corresponding sensitivities are given in table 5.

	NR Band / SCS / Channel bandwidth / Duplex mode

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

	n38
	15
	50
	105
	
	216
	TDD

	
	30
	24
	50
	
	105
	

	
	60
	10
	24
	
	50
	

	n47
	15
	50
	105
	160
	216
	HD

	
	30
	24
	50
	75
	105
	

	
	60
	10
	24
	36
	50
	


Table 4: LCRB values for various BWs
Proposal 6:  LCRB values determined by the following formula N*subchannel_size ≤  NRB where subchannel_size = {10, 12, 15, 20, 25, 50, 75, 100} and N is an integer value selected such that N*subchannel_size is closest to  NRB  without exceeding it. 

	
	
	Channel bandwidth / PREFSENS_V2X(dBm)

	NR V2X
Band
	SCS
kHz
	10 MHz
	20 MHz
	30 MHz
	40 MHz
	Duplex
Mode

	n38
	15
	-96.5
	-93.2
	 
	-90.2
	HD

	
	30
	-96.6
	-93.4
	 
	-90.2
	HD

	
	60
	-97.4
	-93.6
	 
	-90.4
	HD

	n47
	15
	-92.5
	-89.2
	-87.4
	-86.1
	HD

	
	30
	-92.6
	-89.4
	-87.7
	-86.2
	HD

	
	60
	-93.4
	-89.6
	-87.9
	-86.4
	HD


Table 5: REFSENS values for various BWs
Proposal 7:  Adopt the REFSENS values given in table 5 for n38 and n47
Conclusion 
This paper presents an alternate value for diversity gain based on simulations and real-world impairments 
Observation 1: Higher diversity gain makes the REFSENS lower and more challenging for the system to satisfy
Proposal 1: Use a value of 2.5dB for diversity gain for NR V2X REFSENS calculations

Simulations were conducted to find the most appropriate reference channel that could meet the target SNR=-1dB agreed to in RAN4#95-e. Based on these findings the following proposals are made.
Proposal 2: For the reference channel use coding scheme MCS2 for BW≤10MHz and MCS3 for BW≥20MHz
Proposal 3: Adopt the reference channel configurations given in table3

The large form factor in V2X applications may cause the external vehicle antenna connector to be placed away from the UE. In this scenario there is potential for ambiguity as to the location of the transceiver specifications. In order to resolve this ambiguity, the following proposals are made
Proposal 4: Revise wording in section 7.1 of TS38.101-1 as outlined above
Proposal 5: Add V2X UE integration block diagram and associated text in figure 3 to annex G of TS38.101-1

The REFSENS values for n47 and n38 are calculated based on a RB proposal for LCRB and the modified diversity gain given in proposal1.
Proposal 6:  LCRB values determined by the following formula N*subchannel_size ≤  NRB where subchannel_size = {10, 12, 15, 20, 25, 50, 75, 100} and N is an integer value selected such that N*subchannel_size is closest to  NRB  without exceeding it. 
[bookmark: _GoBack]
Proposal 7:  Adopt the REFSENS values given in table 5 for n38 and n47
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Figure G.1-1 V2X UE integration block diagram




