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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN #101 meeting Bangalore, RAN endorsed the step 1 and step2 to allow the 2Rx relaxation of non-REDCAP XR devices in the 4Rx mandatory NR bands [1]. Furthermore, RAN made consensus to study of the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values in RAN4 110 meeting [2] as follows:

	1. Task RAN2 and RAN3 to develop signaling support for ‘2Rx non-REDCAP XR devices’, send corresponding Release-18 draft CR(s) to RAN#103:
· A new dedicated UE capability indication per band and setting of corresponding existing UE capability(ies). [RAN2]
Note: no need is foreseen to add an indication to Msg1 or Msg3.
· Indication in SIB, to be used to re-direct to another frequency layer, or to bar the device altogether. [RAN2] 
· SPID indication from the Core Network to gNB. [RAN3]
· N2-NGAP indication for ‘2Rx non-REDCAP XR devices’ from gNB to Core Network to take action based on operator policy. [RAN3]  

2. Task RAN4 to develop Release-18 draft CR(s) to RAN#103 for ‘2Rx non-REDCAP XR devices’:
· Capture the definition of 2Rx non-REDCAP XR devices in [38.101-1] using the definition from RAN#101 (c.f. RP-232657)
· Determine the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values. RAN4 shall consider both conducted requirements as well as OTA considerations.

3. TSG-RAN#103 in March: 
1) Consider approving the draft CRs from RAN2, RAN3 and RAN4 for Release-18
2) Consider approving Release-19 work to be conducted on detailed OTA work for ‘2Rx non-REDCAP XR devices’.
3) Points 1) and 2) represent a package, each one is dependent on the other moving forward.  


 
In this paper, we propose the feasibility of the tightened REFSENS requirements for 2Rx non-Redcap XR devices compared to legacy smartphone type devices.

2. Definition of 2Rx-Non RedCap XR device in specification
2.1 Existing definition & agreements of XR device 
In RAN 101 meeting [1], RAN discussed and agreed that the 2Rx XR device is applicable to the specific form-factor of XR device and defined 2Rx non-Redcap XR device as:
A non-RedCap XR-wearable UE can be considered for 2Rx relaxation (for frequency bands where 4Rx is mandated) if and only if: 
Intended to be worn on the human head;
When in use, is intended to be supported only by/behind the ears and by a nose-bridge resulting in a constrained form factor with limited volume available for Rx chains; 


Based on these agreements, we propose to define 2Rx Non-RedCap XR UE in TS38.101-1 as:
2Rx Non-RedCap XR UE: A UE that is not (e)RedCap and supports only two Rx antennas in frequency bands where 4Rx is mandated. The XR device is intended to be worn on the human head. When in use, it is intended to be supported only by or behind the ears and by a nose-bridge resulting in a constrained form factor with limited volume available for Rx chains.

Proposal 1: In TS38.101-1, RAN4 defines 2Rx non-RedCap XR devices, following RP-232657, as: 
2Rx Non-RedCap XR UE: A UE that is not (e)RedCap and supports only two Rx antennas in frequency bands where 4Rx is mandated. The XR device is intended to be worn on the human head. When in use, it is intended to be supported only by or behind the ears and by a nose-bridge resulting in a constrained form factor with limited volume available for Rx chains.

2.2 REFSENS Requirements for 2Rx non-RedCap XR Devices
In RAN4, the REFSENS requirements for smartphone type UE was defined based on 2Rx RF chains for all NR bands. Furthermore, RAN4 also specified the additional ΔRIB,4R  of 4Rx REFSENS UE for the 4Rx mandatory NR bands on top of the 2Rx REFSENS requirements as follow: 

7.3.1	General
The reference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE antenna ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.
In later clauses of Clause 7 where the value of REFSENS is used as a reference to set the corresponding requirement:
-	when the UE is verified with 2 Rx antenna ports, it shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1a,  Table 7.3.2-1b and Table 7.3.2-1c or Table 7.3.2-1d with 2 Rx antenna ports tested;
-	when the UE is verified with 4 Rx antenna ports, it shall be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 with 4 Rx antenna ports tested.
-	when the UE is verified with 8 Rx antenna ports, it shall be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2a with 8 Rx antenna ports tested.


=================   Unchanged sections are omitted 	===================
For UE(s) equipped with 4 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a and in Table 7.3.2-1b shall be modified by the amount given in ΔRIB,4R in Table 7.3.2-2 for the applicable operating bands. For operating band frequency range ≤ 1 GHz, the 4Rx operation is primarily for FWA form factor, and when 4Rx operation is supported by handheld UE, ∆RIB,4R as indicated in Table 7.3.2-2 NOTE 2 is applied.
                 Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R



The reference sensitivity (REFSENS) RF requirements were decided by the Equation 2-1 as below:
REFSENS=kTB + SNR +10log10(LCRB/NRB) +( NF+ IM) – Diversity gain		 Eq. 2-1
-	kTB: Thermal noise level is [-174dBm(kT) + 10*log10(RX BW)]dBm.
-	NF: Noise figure. Assumed NF is 9dB < 3GHz, NF is 10dB>= 3GHz (e.g B42, n77, n78, n79…) at licensed bands at FR1.
-	IM (Implementation Margins): 2.5 dB is assumed.
-	Target SNR: -0.5 dB
-	Diversity gain: 3dB
The main variable factors in Equation 2-1 are the implementation margins (IM) and noise figure (NF) between XR devices and smartphone type UEs. Besides the implementation margin of 2.5 dB, there is minimal room for tightening the REFSENS requirement. Therefore, we propose to reuse the existing REFSENS requirement for 2Rx XR devices.
Therefore, we propose as follow:
Proposal 2: RAN4 reuses the existing REFSENS requirement for 2Rx non-RedCap XR UEs. 

RAN4 can follow similar approach of 2Rx vehicular UE to specify the REFSENS requirement of the 2Rx non-Redcap XR device as follow in TS38.101-1 [3]:

Table 7.3.2-1a: Two antenna port reference sensitivity QPSK PREFSENS for FDD bands
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	3
MHz
(dBm)
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)

	n1
	15
	
	-100.0
	-96.8
	-95.0
	-93.8
	-92.7
	-91.9
	
	-90.6
	-90.1
	-89.6

	
	30
	
	
	-97.1
	-95.1
	-94.0
	-92.8
	-92.0
	
	-90.7
	-90.2
	-89.7

	
	60
	
	
	-97.5
	-95.4
	-94.2
	-93.0
	-92.1
	
	-90.9
	-90.3
	-89.7

	n2
	15
	
	-98
	-94.8
	-93
	-91.8
	-90.7
	-84.1
	-83.6
	-81.5
	
	

	
	30
	
	
	-95.1
	-93.1
	-92
	-90.8
	-84.2
	-83.7
	-81.6
	
	

	
	60
	
	
	-95.5
	-93.4
	-92.2
	-90.9
	-84.3
	-83.8
	-81.7
	
	

	n3
	15
	
	-97.0
	-93.8
	-92.0
	-90.8
	-89.7
	-88.9
	-86.2
	-82.3
	-81.3
	-79.7

	
	30
	
	
	-94.1
	-92.1
	-91.0
	-89.8
	-89.0
	-86.3
	-82.4
	-81.4
	-79.8

	
	60
	
	
	-94.5
	-92.4
	-91.2
	-90.0
	-89.1
	-86.4
	-82.6
	-81.5
	-79.9

	n5
	15
	
	-98.0
	-94.8
	-93.0
	-86.8
	-84.8
	
	
	
	
	

	
	30
	
	
	-95.1
	-93.1
	-88.6
	-84.9
	
	
	
	
	

	n71
	15
	
	-98.0
	-94.8
	-93.0
	-91.8
	-90.7
	-89.9
	-89.2
	-88.6
	
	-81.5

	
	30
	
	
	-95.1
	-93.1
	-92.0
	-90.8
	-90.0
	-89.3
	-88.7
	
	-81.5

	
	60
	
	
	-95.5
	-93.4
	-92.2
	-91.0
	-90.1
	-89.4
	-88.9
	
	-81.5

	…
	
	
	
	
	
	…
	
	
	
	…
	
	

	NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE and two Rx non-Redcap XR device. Four Rx antenna ports for RedCap UE is not supported for this operating band.
NOTE 2:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 3:	The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within     1475.9 - 1510.9 MHz.
NOTE 4:	Void
NOTE 5:	Void
NOTE 6:	Values are modified by -0.5dB when carrier channel BW is between 865MHz and 894MHz.
NOTE 7:	Void
NOTE 8:	DL channels overlapping the 612-617MHz range have 0.5dB added to the REFSENS
NOTE 9:	Applies to UEs that support a maximum uplink BW of 20 MHz in this band.
NOTE 10:	Applies to UEs that support optional symmetric UL/DL for this BW.



Table 7.3.2-1b: Two antenna port reference sensitivity QPSK PREFSENS for TDD, SDL and FDD with variable duplex operation bands
	Operating band / SCS / Channel bandwidth / REFSENS

	Operating band
	SCS
kHz
	Channel bandwidth (MHz)
	REFSENS (dBm)8
	Duplex Mode

	n297
	15
	5,10
	-97 + 10log10(NRB/25)
	SDL

	
	30
	10
	-94.1 + 10log10(NRB/24)
	

	n381
	15
	5, 10, 15, 20, 25, 30, 40
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 25, 30, 40
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40
	-97.5 + 10log10(NRB/11)
	

	n40
	15
	5, 10, 15, 20, 25, 30, 40, 50
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-97.5 + 10log10(NRB/11)
	

	n411, n901
	15
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50
	-94.8 + 10log10(NRB/52)
	TDD

	
	30
	10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	-95.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	-95.5 + 10log10(NRB/11)
	

	…
	
	…
	…
	…

	NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE and two Rx non-Redcap XR device. Four Rx antenna ports for RedCap UE is not supported for this operating band.
NOTE 2:	The transmitter shall be set to PUMAX as defined in clause 6.2.4.
NOTE 3:	Void
NOTE 4:	The requirement is modified by -0.5 dB when the assigned UE channel bandwidth is confined within 3300 - 3800 MHz.
NOTE 5:	For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.
NOTE 6:	Void
NOTE 7:	For SDL bands, the reference sensitivity requirements shall be verified by inter-band CA combinations with SDL band, which are supported by UE.
NOTE 8:	The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.
NOTE 9:	Void
NOTE 10:	A UE may implement two RX antenna ports for band n104 when conditions are met. The exact conditions are FFS.
NOTE 11: Applies for DL channels for which channels edges are > 15 MHz away from 2xFUL at 15 kHz SCS and > 30 MHz away from 2xFUL at 30 kHz SCS. In case of UL second harmonic direct hit, the value is modified to -71.9 dBm for all channel bandwidths.



Proposal 3: RAN4 update Note 1 in Table 7.3.2-1a and Table 7.3.2-1b of in TS38.101-1 to allow 2Rx relaxation and apply the existing REFSENS for XR device.
3. Conclusions
In this contribution, we discuss our views on REFSENS requirements for 2Rx non-RedCap XR device and propose to reuse existing REFSENS requirements.
Proposal 1: In TS38.101-1, RAN4 defines 2Rx non-RedCap XR devices, following RP-232657, as: 
2Rx Non-RedCap XR UE: A UE that is not (e)RedCap and supports only two Rx antennas in frequency bands where 4Rx is mandated. The XR device is intended to be worn on the human head. When in use, it is intended to be supported only by or behind the ears and by a nose-bridge resulting in a constrained form factor with limited volume available for Rx chains.
Proposal 2: RAN4 reuses the existing REFSENS requirement for 2Rx non-RedCap XR UEs. 
Proposal 3: RAN4 update Note 1 in Table 7.3.2-1a and Table 7.3.2-1b of in TS38.101-1 to allow 2Rx relaxation and apply the existing REFSENS for XR device.
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