14

[bookmark: historyclause]3GPP RAN WG4 Meeting #100-e		R4-2112385
Online, August 16th – 27th, 2021

Agenda item:	9.20.2.3
Source:	Apple
Title:	RedCap UE REFSENS requirements  
WI/SI:	NR_redcap-Core
Release:	Rel-17
Document for:	Approval
1	Introduction 

The work item for NR support on reduced capability (RedCap) UE has been approved in RAN #90-e meeting [1], aiming to address the demand for a suite of devices with lower cost and smaller form factor as compared to eMBB NR UE such as wearables, industrial wireless sensors, and video surveillance devices. The WID objectives were finalized in RAN #91-e meeting [2], confirming that both 1Rx and 2Rx requirements will be supported by the specifications irrespective of whether the corresponding FR1 NR band is required to be equipped with a minimum of 2 or 4 Rx antenna ports. In last RAN4 meeting, the RedCap UE RF requirements discussions were initiated where the preliminary views were summarized in an approved WF [3]. The general consensus was that most of the NR FR1 UE RF requirements could be reused for RedCap UE except for 1Rx and HD-FDD REFSENS requirements which have not been specified. In this contribution, we share our views on how 1Rx and HD-FDD REFSENS requirements can be defined for FR1 RedCap UE based on the existing NR FR1 REFSENS requirements defined for 2Rx.        
2 Discussion
2.1	REFSENS for 1Rx

The REFSENS between 1Rx and 2Rx implementations is differed by the so-called Rx diversity gain which is the increase in signal-to-noise/interference ratio by a certain Rx diversity scheme, normally through Maximum Ratio Combining (MRC). The ideal MRC with equal SNR in both main and diversity Rx paths would result in a 3dB gain for 2Rx as relative to 1Rx implementation. However, in practice the SNR in Rx main and diversity paths may not always be equal, especially for FDD bands where the main path is usually subject to higher insertion loss from duplexer as compared to single bandpass filter for diversity path. On the other hand, the Rx noise impact from Tx interference may also be different between the main and diversity paths which would depend on the performance of duplexer/filter and antenna isolation. In addition, the non-ideal MRC would discount the diversity gain which may not be easy to be accurately quantified.

Based on the above assessment, in principle the REFSENS for 1Rx as compared to that for 2Rx should be evaluated on a per band basis. However, since there are more than 40 NR bands to be defined for FR1 RedCap UE and the REFSENS difference between 1Rx and 2Rx had been evaluated and specified for bands supported by LTE category 1bis UE, it would not be efficient to reinvent the wheel to derive the FR1 RedCap UE 1Rx REFSENS requirement band by band. We can instead leverage the approach taken for LTE category 1bis UE by applying a constant diversity gain between 1Rx and 2Rx as shown in Table 2.1-1 to simplify the FR1 RedCap UE 1Rx REFSENS development process. 

	Duplex Mode
	1Rx and 2Rx REFSENS difference (dB)

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	FDD
	2.5
	3
	3
	3

	TDD
	2.5
	2.5
	2.5
	2.5



Table 2.1-1 1Rx and 2Rx REFSENS difference based on LTE category 1bis UE
Proposal 1: Apply 1Rx and 2Rx REFSENS difference in Table 2.1-1 to derive 1Rx REFSENS requirements for FR1 RedCap UE.

2.2	REFSENS for HD-FDD

There are two aspects related to half-duplex operation for FDD bands (HD-FDD) which may affect the REFSENS relative to its full-duplex counterpart (FD-FDD). One is whether a duplexer or separate Rx and Tx bandpass filters with a T/R switch is used in RF front-end where the former implementation is expected to result in higher insertion loss than the latter one. The other is the absence of DL interference from UL transmission.

Since both duplexer and separate Rx and Tx filter with a T/R switch can support HD-FDD operation, and the former also allows FD-FDD operation, in our view it is not necessary to define two sets of REFSENS requirements for HD-FDD mode based on different RF front-end implementations as it would not lead to any advantage in network operation and yet could complicate the specifications development. Therefore, it is proposed to define the HD-FDD REFSENS requirements based on duplexer as the reference architecture where the existing FDD band REFSENS requirements can be leveraged to derive the HD-FDD requirements by removing the noise contribution from UL interference.

Proposal 2: The HD-FDD REFSENS requirements are based on duplexer as the reference architecture where the existing FDD band REFSENS requirements can be leveraged to derive the HD-FDD requirements by removing the noise contribution from UL interference.    

The REFSENS impact from UL transmission in full-duplex operation can be attributed to the following mechanisms:

· Tx thermal noise floor into Rx band 
· Rx reciprocal mixing (Rx LO phase noise related)
· Rx IM2 due to Tx blocker
· IM3/CIM3 into Rx band (Tx blocker sidelobes due to Tx and Rx 3rd order non-linearity)
· IM5/CIM5 into Rx band (Tx blocker sidelobes due to Tx and Rx 5th order non-linearity)
· Large signal induced NF degradation (LNA)

In our view, when 3GPP defined the REFSENS requirements for FDD bands, the channel BW independent Tx noise contributions (Tx thermal noise floor into Rx band, Rx IM2 due to Tx blocker, and large signal induced NF degradation) had not been considered (likely not dominant factors) as that can be evidenced by the same REFSENS requirements between B4 (FD-FDD) and B40 (TDD) as recaptured in Table 2.2-1 from TS 36.101 [4].

	Band
	DL Range (MHz)
	REFSENS (dBm)

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	B4
	2110 - 2155
	-100
	-97
	-95.2
	-94

	B40
	2300 - 2400
	-100
	-97
	-95.2
	-94

	 
	 
	UL Configuration (RB)

	B4
	2110 - 2155
	25
	50
	75
	100

	B40
	2300 - 2400
	25
	50
	75
	100



  Table 2.2-1 REFSENS requirements comparison between B4 (FD-FDD) and B40 (TDD)

Since B4 has a relatively wide duplex distance, its REFSENS is virtually not impacted by UL transmission at least up to 20MHz channel BW and behaves like a TDD band when compared to B40 where the level is simply scaled by 10log10(BWChannel). However, for FDD bands with narrower duplex distance, such as B5 and B8, the REFSENS would be affected by UL transmission when channel BW is wider than 5 MHz where UL RB number restriction has been applied in REFSENS requirements to avoid UL spectrum sidelobe affecting DL carrier.

Based on how the REFSENS requirements have been defined for FDD bands in 3GPP, we can very much conclude that if UL configuration does not have RB restriction (or is fully allocated), the REFSENS would not be impacted by UL transmission. On the other hand, although UL RB number restriction is intended to avoid Tx spectral encroachment into DL carrier, in some cases such as B20 REFSENS for 15 MHz and 20 MHz, the impact from UL transmission is still not completely avoided and that can be realized by REFSENS not being scaled with channel BW.

Table 2.2-2 summarizes the NR FDD band REFSENS UL configurations (for 15kHz SCS only) with channel BW up to 20 MHz where the ones highlighted in yellow are with UL RB number restriction.

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	n1
	15
	25
	50
	75
	100

	n2
	15
	25
	50
	50
	50

	n3
	15
	25
	50
	50
	50

	n5
	15
	25
	25
	20
	20

	n7
	15
	25
	50
	75
	75

	n8
	15
	25
	25
	20
	20

	n12
	15
	20
	20
	20
	

	n13
	15
	20
	20
	
	

	n14
	15
	20
	20
	
	

	n18
	15
	25
	25
	25
	

	n20
	15
	25
	20
	20
	20

	n24
	15
	25
	50
	
	

	n25
	15
	25
	50
	50
	50

	n26
	15
	25
	25
	25
	25

	n28
	15
	25
	25
	25
	25

	n30
	15
	20
	20
	
	

	n65
	15
	25
	50
	75
	100

	n66
	15
	25
	50
	75
	100

	n70
	15
	25
	50
	75
	

	n71
	15
	25
	25
	20
	20

	n74
	15
	25
	25
	25
	25



Table 2.2-2 UL configurations for NR FDD band REFSENS

It can be seen that for most FDD bands full UL RB allocation is applied for 5MHz REFSENS requirements except for n12, n13, n14, and n30. Therefore, for those FDD bands the 5MHz REFSENS requirements for full-duplex operation are also applicable for half-duplex operation. On the other hand, for n12, n13, n14, and n30, the 5MHz REFSENS with existing UL RB restriction is also seen not affected by UL transmission (by comparing the 5MHz and 10MHz REFSENS requirements), as a result, the 5MHz REFSENS requirements for full-duplex operation can also be reused for half-duplex operation.

Proposal 3: For all NR FDD bands, the 5MHz REFSENS requirements defined for full-duplex operation can be reused for half-duplex operation.  

Since under half-duplex operation, the REFSENS is not affected by UL transmission, therefore, the REFSENS for channel BW wider than 5 MHz can simply be calculated by REFSENS(5MHz) + 10log10(n x NRB/25), where NRB is the maximum transmission bandwidth configuration with n=1 for 15kHz SCS and n=2 for 30kHz SCS. On the other hand, for half-duplex operation, there is no need to impose UL RB number restriction. Therefore, full allocation is proposed as the UL configuration for HD-FDD REFSENS requirements.
Proposal 4: HD-FDD REFSENS for channel BW wider than 5 MHz can be calculated by REFSENS(5MHz) + 10log10(n x NRB/25), where NRB is the maximum transmission bandwidth configuration with n=1 for 15kHz SCS and n=2 for 30kHz SCS.

Proposal 5: UL configuration for HD-FDD REFSENS requirements is specified with full allocation.

Based on the proposals 2 – 5 above, the RedCap UE REFSENS requirements for HD-FDD with 2Rx can be concluded as shown in Table 2.2-3 and 2.2-4.

	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)

	n1
	15
	-100.0
	-96.8
	-95.0
	-93.7

	
	30
	
	-97.2
	-95.2
	-93.9

	n2
	15
	-98.0
	-94.8
	-93.0
	-91.7

	
	30
	
	-95.2
	-93.2
	-91.9

	n3
	15
	-97.0
	-93.8
	-92.0
	-90.7

	
	30
	
	-94.2
	-92.2
	-90.9

	n5
	15
	-98.0
	-94.8
	-93.0
	-91.7

	
	30
	
	-95.2
	-93.2
	-91.9

	n7
	15
	-98.0
	-94.8
	-93.0
	-91.7

	
	30
	
	-95.2
	-93.2
	-91.9

	n8
	15
	-97.0
	-93.8
	-92.0
	-90.7

	
	30
	
	-94.2
	-92.2
	-90.9

	n12
	15
	-97.0
	-93.8
	-92.0
	

	
	30
	
	-94.2
	-92.2
	

	n13
	15
	-97.0
	-93.8
	
	

	
	30
	
	-94.2
	
	

	n14
	15
	-97.0
	-93.8
	
	

	
	30
	
	-94.2
	
	

	n18
	15
	-100.0
	-96.8
	-95.0
	

	
	30
	
	-97.2
	-95.2
	

	n20
	15
	-97.0
	-93.8
	-92.0
	-90.7

	
	30
	
	-94.2
	-92.2
	-90.9

	n24
	15
	-100
	-96.8
	
	

	
	30
	
	-97.2
	
	

	n25
	15
	-96.5
	-93.3
	-91.5
	-90.2

	
	30
	
	-93.7
	-91.7
	-90.4

	n26
	15
	-97.5
	-94.3
	-92.5
	-91.2

	
	30
	
	-94.7
	-92.7
	-91.4

	n28
	15
	-98.5
	-95.3
	-93.5
	-92.2

	
	30
	
	-95.7
	-93.7
	-92.4

	n30
	15
	-99.0
	-95.8
	
	

	
	30
	
	-96.2
	
	

	n65
	15
	-99.5
	-96.3
	-94.5
	-93.2

	
	30
	
	-96.7
	-94.7
	-93.4

	n66
	15
	-99.5
	-96.3
	-94.5
	-93.2

	
	30
	
	-96.7
	-94.7
	-93.4

	n70
	15
	-100.0
	-96.8
	-95.0
	-93.7

	
	30
	
	-97.2
	-95.2
	-93.9

	n71
	15
	-97.2
	-94.0
	-92.2
	-90.9

	
	30
	
	-94.4
	-92.4
	-91.1

	n74
	15
	-99.5
	-96.3
	-94.5
	-93.2

	
	30
	
	-96.7
	-94.7
	-93.4



Table 2.2-3 Proposed RedCap UE REFSENS requirements for HD-FDD with 2Rx





	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	n1
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n2
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n3
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n5
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n7
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n8
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n12
	15
	25
	50
	75
	

	
	30
	
	24
	36
	

	n13
	15
	25
	50
	
	

	
	30
	
	24
	
	

	n14
	15
	25
	50
	
	

	
	30
	
	24
	
	

	n18
	15
	25
	50
	75
	

	
	30
	
	24
	36
	

	n20
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n24
	15
	25
	50
	
	

	
	30
	
	24
	
	

	n25
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n26
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n28
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n30
	15
	25
	50
	
	

	
	30
	
	24
	
	

	n65
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n66
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n70
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n71
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50

	n74
	15
	25
	50
	75
	100

	
	30
	
	24
	36
	50



Table 2.2-4 Proposed RedCap UE REFSENS UL configurations for HD-FDD

3	Conclusion

In this contribution, we share our views on how 1Rx and HD-FDD REFSENS requirements can be defined for FR1 RedCap UE based on the existing NR FR1 REFSENS requirements defined for 2Rx.

Proposal 1: Apply 1Rx and 2Rx REFSENS difference in Table 2.1-1 to derive 1Rx REFSENS requirements for FR1 RedCap UE.

Proposal 2: The HD-FDD REFSENS requirements are based on duplexer as the reference architecture where the existing FDD band REFSENS requirements can be leveraged to derive the HD-FDD requirements by removing the noise contribution from UL interference.

Proposal 3: For all NR FDD bands, the 5MHz REFSENS requirements defined for full-duplex operation can be reused for half-duplex operation.

Proposal 4: HD-FDD REFSENS for channel BW wider than 5 MHz can be calculated by REFSENS(5MHz) + 10log10(n x NRB/25), where NRB is the maximum transmission bandwidth configuration with n=1 for 15kHz SCS and n=2 for 30kHz SCS.

Proposal 5: UL configuration for HD-FDD REFSENS requirements is specified with full allocation.
4	References

RP-202933, " New WID on support of reduced capability NR devices ", Ericsson, Nokia, 3GPP TSG RAN Meeting #90-e, December 11th – 17th, 2020
RP-210918 “Revised WID on support of reduced capability NR devices” Nokia, Ericsson, 3GPP TSG RAN Meeting #91-e, March 22nd – 26th, 2021
R4-2108005 “WF on RedCap”, Ericsson, 3GPP TSG-RAN WG4 Meeting #99-e, May 19th – 27th, 2021
3GPP TS 36.101 V17.2.0 (2021-06)
Apple Inc.
Apple Inc.
