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1	Introduction 
Over the past year RAN Plenary had been discussing the feasibility of introducing an exception to the mandatory rule to support 4Rx in bands >2.5 GHz [1].  The most notable outcomes from this discussion, which have impact on RAN4 work, are the definition of an “XR wearable” device and a RAN task to RAN4 to complete before the next RAN meeting #103 in March 2024.

The definition of XR wearable was agreed by RAN to the following formulation [2]:

	· Handheld smartphone UEs are excluded from any 2Rx relaxation for XR wearables.
The default for non-RedCap XR-wearable UEs is 4Rx (for frequency bands where 4Rx is mandated).
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; 



During the RAN #102 meeting the following agreements were made, resulting in a task for RAN4 [3]:

	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.



This contribution provides our views and recommendations on how RAN4 can address the RAN task related to the 2Rx XR topic.
2	Discussion
2.1	REFSENS aspects
The REFSENS requirements in the NR (TS38.101-1) [4] specification have been derived from LTE requirements (TS36.101) [5] for re-farmed bands and developed anew for new NR bands.  This process is documented in the technical report on NR RF aspects (TR38.817-01) [6]:
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The implementation margin (IM) for all TDD bands is taken to be 2.5 dB, with the exception of band n41, where additional margin is accounted for to accommodate coexistence with the ISM band (TR36.812) [7]:

	[bookmark: _Toc282036949]5.2.3	Reference sensitivity power level
The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel. In E-UTRA, band specific RF receiver sensitivity is determined by the theoretical thermal noise floor, receiver noise figure and implementation margin plus SINR requirement to achieve reference throughput. The detailed analysis of REFSENS for TDD bands was presented in [11], and it was agreed that the same 2dB implementation margin (including Tx noise) applies to all TDD bands. The 2dB implementation margin is consequently adopted to derive REFSENS for TDD bands in TS36.101. Therefore, thanks to the same theoretical thermal noise floor and receiver noise figure, the band agnostic implementation margin results in the same UE REFSENS in same bandwidth for all TDD bands. Thus, the reference sensitivity of Band [41] is defined to be the same as other TDD bands and is given in Table 5.2.3-1.
Table 5.2.3-1: Reference sensitivity QPSK PREFSENS 
	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

	41
	
	
	-99
	-96
	-94.2
	-93
	TDD



In consideration of stringent filtering requirements for in-device ISM coexistence, 1dB reference sensitivity relaxation is proposed for a Band 41 UE and the reference sensitivity level of Band 41 is thus updated accordingly in Table 7.3.1-1 in TS 36.101. However, no explicit requirement for ISM coexistence or for filter rejection performance is specified by 3GPP. Yet, it is worth noting that the minimum performance specification for reference sensitivity may be exceeded. In particular, for devices which are not required to facilitate in-device ISM coexistence, the sensitivity level could be 1 dB better.



We note that the REFSENS value for B41 in TR36.812 did not fully account for this relaxation, and the eventual REFSENS requirement in TS36.101 was further relaxed by 1 dB.  Thus, B41/n41 REFSENS implementation margin includes the 2.5 dB baseline contribution plus 2 dB filter insertion loss for coexistence with ISM.  Finally, we note that band n7 is the only FDD band in the list of mandatory 4Rx bands.  For FDD bands the IM for REFSENS also accounts for Tx noise impact.

Figure 1 below illustrates the NF and IM assumptions across the 4Rx mandatory bands.

[image: ]
Figure 1: REFSENS impairments for mandatory 4Rx bands
When 3GPP introduced requirements for 4Rx LTE UEs, the assumption of the diversity gain (from 2Rx to 4Rx) was revisited and defined as a band-dependent quantity in general.  For mid-bands and high bands this factor was agreed to be 2.7 dB, while for ultra-high bands it was reduced to 2.2 dB to accommodate additional RF front end impairments [4]:
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Figure 2 below plots REFSENS for an example SCS/CBW configuration (10 MHz / 30 kHz).
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Figure 2: Summary of REFSENS for mandatory 4Rx bands (CBW=10 MHz, SCS=30 kHz)
Figure 3 below provides the complete view of all REFSENS requirements across the applicable CBWs and SCS.
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Figure 3: REFSENS vs CBW for mandatory 4Rx bands

Table 1 below summarizes the relevant parameters which impact the REFSENS definition (without loss of generality, the example is provided for 30 kHz SCS and 10 MHz CBW).

Table 1: Summary of relevant parameters
	Band
	NF (dB)
	IM (dB)
	REFSENS (30 kHz SCS, 10 MHz)

	
	
	
	2Rx (dBm)
	∆RIB,4R(dB)
	4Rx (dBm)

	n7
	9.0
	4.5
	-95.1
	-2.7
	-97.8

	n38
	9.0
	2.5
	-97.1
	-2.7
	-99.8

	n41
	9.0
	4.5
	-95.1
	-2.7
	-97.8

	n48
	10.0
	2.5
	-96.1
	-2.2
	-98.3

	n77
	10.5
	2.5
	-95.6
	-2.2
	-97.8

	n78
	10.0
	2.5
	-96.1
	-2.2
	-98.3

	n79
	10.0
	2.5
	-96.1
	-2.2
	-98.3



When RAN4 determined the values of NF and IM assumptions, considerations for many possible UE RF architectures were made.  For example, the ISM band coexistence considerations for band 41 are not strictly required from the regulatory and, consequently, the 3GPP perspective.  However, practical handset implementations do not forgo the support of WiFi, and the RAN4 requirement has accommodated this reality.  This approach has enabled a vibrant ecosystem of devices:  from UTRA devices upon the inception of 3GPP to LTE and finally NR.

The RAN Task [3] instructs RAN4 to determine whether it is feasible to consider tightening the REFSENS requirement for these XR devices.  Naturally, this potential tightening is bounded by the 2Rx to 4Rx diversity gain parameter (∆RIB,4R), as shown in Table 1.  The feasibility of this proposal depends on two aspects:  whether the derivation of XR wearable requirements should assume an enhanced transceiver RF architecture (compared to the current baseline in the specs) and whether a common assumption of front end losses in an XR wearable form factor can be confirmed to be lower than the current baseline in the specs (which is based on the smartphone device).  It is difficult to provide a quantitative answer to the first question due to the nascency of the XR wearable ecosystem.  Transceiver architectures tend to follow market demand, and it is reasonable to assume that at least a sizeable portion of the XR wearable ecosystem will seek to leverage existing transceiver architectures.  Likewise, detailed assumptions related to the RF front end design are also too early to analyze.  One aspect for which it might be possible to consider some limited data is a comparative look at insertion losses for RF cables.  Referring to an informative contribution submitted to RAN #102, the possible 5G antenna placement was illustrated on one side of the XR wearable device, which is opposite of the location of the chipset [8].

Very similar considerations in regard to the placement of antennas and modem are shown in [9].  Although it is not possible to quantify all aspects which impact the performance of the RF front end of this new device type, it is possible to consider insertion loss data of several antenna cables.  Table 2 below provides a summary from three vendors.

Table 2: Summary of insertion loss data for flexible coaxial cables
	Frequency (MHz)
	Supplier A
	Supplier B
	Supplier C

	
	dB/m
	dB/200mm
	dB/m
	dB/200mm
	dB/m
	dB/200mm

	1000 MHz
	3.3
	0.7
	2.9
	0.6
	1.6
	0.3

	2000 MHz
	4.5
	0.9
	3.2
	0.6
	2.7
	0.5

	3000 MHz
	5.7
	1.1
	3.3
	0.7
	3.2
	0.6

	4000 MHz
	6.7
	1.3
	5.1
	1.0
	3.8
	0.8

	5000 MHz
	7.5
	1.5
	5.4
	1.1
	4.4
	0.9

	6000 MHz
	8.4
	1.7
	6.7
	1.3
	4.9
	1.0

	
	
	
	
	
	
	

	Avg. cable jacket diameter (mm)
	0.81
	1.32
	1.48



There are some useful observations that can be made from this data:
-	At least according to [8], all of the potential antennas in the form factor need to be fed by a significant length of cable; we chose 200mm as an exemplary length, considering the width of the typical human face plus some additional distance for routing to the antennas and modem
-	Referring to publicly available data of smartphone dimensions, the large sized devices typically have a diagonal dimension of approximately 180mm.  As shown in [9], the antennas in a smartphone tend to be distributed around the form factor, thereby resulting in some antennas fed by cable lengths significantly shorter than this maximal dimension
-	Routing cable through hinges or other narrow spaces in a form factor is a significant engineering challenge, and typically smaller diameter cable is chosen for the job.  As shown in Table 2, a trend of increasing insertion loss vs. decreasing cable diameter is observed.

According to our understanding, the XR device has to implement many functional components in a limited form factor, including screens, chips, cameras, and sensors [12].  Thus, the challenge to support cellular functions with 2 RX is already challenging in its own right.  At the initial stage of XR commercialization, it is likely that no dedicated RF transceiver with performance optimization is implemented in XR devices.  With the possible larger routing losses between antenna ports and transceivers, the receiver sensitivity performance may degrade, let alone any improvement needed to tighten the requirements.

[bookmark: _Toc157766526][bookmark: _Toc158230793]Observation 1:	Considering the extensive history of assumptions on NF and IM made by RAN4 when deriving REFSENS and some preliminary RF front end considerations of the new XR wearable form factor, there does not seem to be a strong technical justification to tighten the 2Rx REFSENS value for 2Rx wearable devices.
2.2	OTA aspects
With the introduction of the new XR wearable device type, the radiated performance test procedure and associated requirements need to be developed by RAN4.  Potential enhancements to TRP/TRS test method include the following:
-	Whether head phantoms currently used for handset OTA in the talk mode could be reused or if new head phantom requirements need to be introduced
-	Specify DUT positioning guidelines
-	Adapt the TRP/TRS test metric to the head-worn scenario
-	Define the test procedure
-	Develop the preliminary measurement uncertainty budget

The development of OTA performance requirements for XR wearable devices is anticipated to follow the OTA requirement development framework established for NR handset UEs in Rel-17 and Rel-18.  This framework consists of the following high-level objectives:
-	Identify volunteer test labs and a set of lab alignment devices
-	Perform a lab alignment campaign by measuring the alignment devices in each lab according to the specified test procedure
-	Quantify each lab’s alignment outcome based on whether the deviation of results measured in the lab is within a bound derived from the preliminary measurement uncertainty budget
-	In a contribution-driven manner, only aligned labs select a pool of commercially available devices, measure their radiated performance, and submit an anonymized set of results to RAN4
-	RAN4 aggregates the measured data and specifies the OTA requirement based on the data

Figure 4 below illustrates the Rapporteur’s summary of the data from the Rel-17 OTA performance campaign [8].
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Figure 4: Rapporteur’s summary of OTA data used to specify Rel-17 TRP/TRS requirements [10]

From a practical perspective, we observe that in order to specify an OTA requirement based on measured data, a statistically significant sample size of DUTs is necessary.  It seems unlikely that enough different XR wearable device models will become commercially available during 2024-2025, and we anticipate that the performance part of the OTA work related to XR wearable devices will need to be postponed to a later release.

The RAN Task [3] instructs RAN4 to provide OTA considerations in the context of the performance of 2Rx XR devices.  We recognize that RAN stopped short of asking RAN4 to provide feasible OTA performance values;  nonetheless, it is valuable to seek any possible consideration that could alleviate operator concerns associated with the potential 2Rx relaxation for such devices.  While we agree that without a data-driven effort to quantify the radiated pass/fail limits for 2Rx wearable devices it is not possible to determine a minimum radiated performance value at this time, it might be possible to enhance the OTA requirement framework for XR devices.  Recognizing that OTA requirements are typically used by operators as a reference RF parameter in their cell planning, one way to alleviate operator concerns is for RAN4 to discuss whether a single OTA requirement for XR wearables can be defined, regardless of the number of Rx antennas used in the device.  Referring back to the CDFs in the TRP/TRS Rapporteur’s summary [9], we can imagine constructing the OTA data pool out of a mix of 2Rx and 4Rx XR wearable devices.  This would have the effect of a market-driven tightening of the radiated performance of the 2Rx device, depending on the relative mix of 2Rx and 4Rx devices in the data pool.

[bookmark: _Toc146706063][bookmark: _Toc146711228][bookmark: _Toc156897705][bookmark: _Toc157669028][bookmark: _Toc157690734][bookmark: _Toc157695755][bookmark: _Toc157695792][bookmark: _Toc157761919][bookmark: _Toc157766527][bookmark: _Toc158230794]Observation 2:	Based on further guidance by RAN, it is feasible for RAN4 to begin the effort to define the test methodology aspects for the radiated testing of XR wearable devices.  Because RAN4 develops OTA performance requirements based on measured data of commercially available devices, this effort should be postponed until a later release.  To alleviate operator concerns with the coverage of 2Rx XR wearable devices, RAN4 should discuss whether a single OTA requirement for XR wearables can be defined, regardless of the number of Rx antennas used in the device.
2.3	Recommended next steps
A change to TS38.101-1 by RAN4 can enable the development of 2Rx wearable devices in the industry.  This can be achieved by implementing the definition of the “2Rx non-REDCAP XR” UE and the applicability of the 2Rx REFSENS requirements to such UEs in TS38.101-1.  Since RAN has already agreed the definition of the device, it can be captured directly in the definitions section of TS38.101-1.  Based on Observation 1, the 2Rx requirements can be made applicable to 2Rx non-REDCAP XR devices, and NOTE 1 to Tables 7.3.2-1a and 7.3.2-1b should be updated as follows:

NOTE 1: Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE and 2Rx non-REDCAP XR UE. Four Rx antenna ports for RedCap UE is not supported for this operating band.

[bookmark: _Toc146706077][bookmark: _Toc146711242][bookmark: _Toc156897706][bookmark: _Toc157669029][bookmark: _Toc157690735][bookmark: _Toc157695756][bookmark: _Toc157695793][bookmark: _Toc157761920][bookmark: _Toc157766528][bookmark: _Toc158230795]Proposal 1:	A CR to 38.101-1 is needed to include the definition of the “2Rx non-REDCAP XR” UE and to update NOTE 1 to Tables 7.3.2-1a and 7.3.2-1b should be updated to include applicability to the “2Rx non-REDCAP XR.”

[bookmark: _Toc157766529][bookmark: _Toc158230796]Proposal 2:	Based on the OTA considerations provided, RAN4 can initiate the work to define test methodology aspects for 2Rx non-REDCAP XR UEs in Rel-19.  The effort to specify OTA performance requirements should be postponed until a later release.  To accommodate operator concerns with the coverage of 2Rx, it is recommended to include the following objective to the future OTA performance requirements WID:  “RAN4 should discuss whether a single OTA requirement for XR wearables can be defined, regardless of the number of Rx antennas used in the device.”

3	Conclusions
This contribution provides our views and recommendations on how RAN4 can address the RAN task related to the 2Rx XR topic.  The following observations and proposals are made:

Observation 1:	Considering the extensive history of assumptions on NF and IM made by RAN4 when deriving REFSENS and some preliminary RF front end considerations of the new XR wearable form factor, there does not seem to be a strong technical justification to tighten the 2Rx REFSENS value for 2Rx wearable devices.
Observation 2:	Based on further guidance by RAN, it is feasible for RAN4 to begin the effort to define the test methodology aspects for the radiated testing of XR wearable devices.  Because RAN4 develops OTA performance requirements based on measured data of commercially available devices, this effort should be postponed until a later release.  To alleviate operator concerns with the coverage of 2Rx XR wearable devices, RAN4 should discuss whether a single OTA requirement for XR wearables can be defined, regardless of the number of Rx antennas used in the device.


Proposal 1:	A CR to 38.101-1 is needed to include the definition of the “2Rx non-REDCAP XR” UE and to update NOTE 1 to Tables 7.3.2-1a and 7.3.2-1b should be updated to include applicability to the “2Rx non-REDCAP XR.”
Proposal 2:	Based on the OTA considerations provided, RAN4 can initiate the work to define test methodology aspects for 2Rx non-REDCAP XR UEs in Rel-19.  The effort to specify OTA performance requirements should be postponed until a later release.  To accommodate operator concerns with the coverage of 2Rx, it is recommended to include the following objective to the future OTA performance requirements WID:  “RAN4 should discuss whether a single OTA requirement for XR wearables can be defined, regardless of the number of Rx antennas used in the device.”
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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 AR 4r in Table 7.3.2-2 for the applicable operating bands.

Table 7.3.2-2: Four antenna port reference sensitivity allowance AR 4r

Operating band AR 4R (dB)
n5, n8, n13, n28, n71, n85, n105 -2.77
n1, n2, n3, n25, n30, n40, n7, 27
n34, n38, n39, n41, n66, n70 :
n48, n77, n78, n79, n104 2.2
NOTE 1: 4 Rx operation is targeted for FWA form factor





image4.emf



n7 n38 n41 n48 n77 n78 n79



Band



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88
R



E
F



S
E



N
S



 (
dB



m
)



REFSENS, CBW=10 MHz, SCS=30k



TS38.101-1 (2Rx)
TS38.101-1 (4Rx)










n7 n38 n41 n48 n77 n78 n79

Band

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

R

E

F

S

E

N

S

 

(

d

B

m

)

REFSENS, CBW=10 MHz, SCS=30k

TS38.101-1 (2Rx)

TS38.101-1 (4Rx)


image5.emf



5 10 15 20 25 30 35 40 50 60 70 80 90 100



CBW (MHz)



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88



-87



-86



-85



-84



-83



-82



-81
R



E
F



S
E



N
S



 (
dB



m
)



Band n7 REFSENS



SCS 15k TS38.101-1 (2Rx)
SCS 30k TS38.101-1 (2Rx)
SCS 60k TS38.101-1 (2Rx)










5 10 15 20 25 30 35 40 50 60 70 80 90 100

CBW (MHz)

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

-87

-86

-85

-84

-83

-82

-81

R

E

F

S

E

N

S

 

(

d

B

m

)

Band n7 REFSENS

SCS 15k TS38.101-1 (2Rx)

SCS 30k TS38.101-1 (2Rx)

SCS 60k TS38.101-1 (2Rx)


image6.emf



5 10 15 20 25 30 35 40 50 60 70 80 90 100



CBW (MHz)



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88



-87



-86



-85



-84



-83



-82



-81
R



E
F



S
E



N
S



 (
dB



m
)



Band n38 REFSENS



SCS 15k TS38.101-1 (2Rx)
SCS 30k TS38.101-1 (2Rx)
SCS 60k TS38.101-1 (2Rx)










5 10 15 20 25 30 35 40 50 60 70 80 90 100

CBW (MHz)

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

-87

-86

-85

-84

-83

-82

-81

R

E

F

S

E

N

S

 

(

d

B

m

)

Band n38 REFSENS

SCS 15k TS38.101-1 (2Rx)

SCS 30k TS38.101-1 (2Rx)

SCS 60k TS38.101-1 (2Rx)


image7.emf



5 10 15 20 25 30 35 40 50 60 70 80 90 100



CBW (MHz)



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88



-87



-86



-85



-84



-83



-82



-81
R



E
F



S
E



N
S



 (
dB



m
)



Band n41 REFSENS



SCS 15k TS38.101-1 (2Rx)
SCS 30k TS38.101-1 (2Rx)
SCS 60k TS38.101-1 (2Rx)










5 10 15 20 25 30 35 40 50 60 70 80 90 100

CBW (MHz)

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

-87

-86

-85

-84

-83

-82

-81

R

E

F

S

E

N

S

 

(

d

B

m

)

Band n41 REFSENS

SCS 15k TS38.101-1 (2Rx)

SCS 30k TS38.101-1 (2Rx)

SCS 60k TS38.101-1 (2Rx)


image8.emf



5 10 15 20 25 30 35 40 50 60 70 80 90 100



CBW (MHz)



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88



-87



-86



-85



-84



-83



-82



-81
R



E
F



S
E



N
S



 (
dB



m
)



Band n48 REFSENS



SCS 15k TS38.101-1 (2Rx)
SCS 30k TS38.101-1 (2Rx)
SCS 60k TS38.101-1 (2Rx)










5 10 15 20 25 30 35 40 50 60 70 80 90 100

CBW (MHz)

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

-87

-86

-85

-84

-83

-82

-81

R

E

F

S

E

N

S

 

(

d

B

m

)

Band n48 REFSENS

SCS 15k TS38.101-1 (2Rx)

SCS 30k TS38.101-1 (2Rx)

SCS 60k TS38.101-1 (2Rx)


image9.emf



5 10 15 20 25 30 35 40 50 60 70 80 90 100



CBW (MHz)



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88



-87



-86



-85



-84



-83



-82



-81
R



E
F



S
E



N
S



 (
dB



m
)



Band n77 REFSENS



SCS 15k TS38.101-1 (2Rx)
SCS 30k TS38.101-1 (2Rx)
SCS 60k TS38.101-1 (2Rx)










5 10 15 20 25 30 35 40 50 60 70 80 90 100

CBW (MHz)

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

-87

-86

-85

-84

-83

-82

-81

R

E

F

S

E

N

S

 

(

d

B

m

)

Band n77 REFSENS

SCS 15k TS38.101-1 (2Rx)

SCS 30k TS38.101-1 (2Rx)

SCS 60k TS38.101-1 (2Rx)


image10.emf



5 10 15 20 25 30 35 40 50 60 70 80 90 100



CBW (MHz)



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88



-87



-86



-85



-84



-83



-82



-81
R



E
F



S
E



N
S



 (
dB



m
)



Band n78 REFSENS



SCS 15k TS38.101-1 (2Rx)
SCS 30k TS38.101-1 (2Rx)
SCS 60k TS38.101-1 (2Rx)










5 10 15 20 25 30 35 40 50 60 70 80 90 100

CBW (MHz)

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

-87

-86

-85

-84

-83

-82

-81

R

E

F

S

E

N

S

 

(

d

B

m

)

Band n78 REFSENS

SCS 15k TS38.101-1 (2Rx)

SCS 30k TS38.101-1 (2Rx)

SCS 60k TS38.101-1 (2Rx)


image11.emf



5 10 15 20 25 30 35 40 50 60 70 80 90 100



CBW (MHz)



-100



-99



-98



-97



-96



-95



-94



-93



-92



-91



-90



-89



-88



-87



-86



-85



-84



-83



-82



-81
R



E
F



S
E



N
S



 (
dB



m
)



Band n79 REFSENS



SCS 15k TS38.101-1 (2Rx)
SCS 30k TS38.101-1 (2Rx)
SCS 60k TS38.101-1 (2Rx)










5 10 15 20 25 30 35 40 50 60 70 80 90 100

CBW (MHz)

-100

-99

-98

-97

-96

-95

-94

-93

-92

-91

-90

-89

-88

-87

-86

-85

-84

-83

-82

-81

R

E

F

S

E

N

S

 

(

d

B

m

)

Band n79 REFSENS

SCS 15k TS38.101-1 (2Rx)

SCS 30k TS38.101-1 (2Rx)

SCS 60k TS38.101-1 (2Rx)


image12.png
TRP CDF

1.00
0.90
0.80
P 0.70
T 060
5 0.50
4
$ 040
2 030
0.20
0.10
0.00
8 10 12 14 16 18 20
TRP (dBm)
—e—n41TRP  —e—n78 TRP
Figure 1: CDF analysis of TRP performance test campaign
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Figure 2: CDF analysis of TRP performance test campaign
‘With above analysis, the candidate options for requirements discussion are listed in Table 1.
Table 1: Summary of analysis for TRP TRS performance test campaign
CDF analysis (dBm)
Percentile n41 TRP n78 TRP n41 TRS n78 TRS
80%-tile 12.94 12.92 -82.18 -83.46
85%-tile 12.54 12.70 -81.83 -83.26
90%-tile 12.42 12.54 -81.20 -82.65
95%-tile 11.13 11.89 -80.52 -81.71
Num,of samples 69 50 69 50
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6.2 Receiver Sensitivity

For below 6GHz, the REFSENS level can be calculated by the equation below:
Sensitivity = -174dBm(kT) + 10*log(Rx BW) + NF + SNR +IM — diversity gain

It is noted that the Rx BW is identical to the transmission bandwidth configuration, which is determined by the
spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR.

SNR in Nagoya meeting was tentatively agreed as -1dB, the tentative value is the same as that for LTE. However, SNR

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.




