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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Last meeting, the consensus was reached that the default duplex spacing is -51 MHz for the band n105 as indicated in the WF. After the GTW session, the issue on whether n105 should support asymmetric channel bandwidth similar to n71 is still open.  And in the meanwhile, some proponents consider to utilize asymmetric channel bandwidth associated with “variable duplex” to address reuse n71 issue by using MFBI [1], as highlighted in yellow. 
However, the language “variable duplex” has also appeared in section 5.2 of TS 38.101 which applied to four FDD bands introduced in Rel-16. This contribution aims to disambiguate the wording “variable duplex” for the discussion to better address the compatibility with n71 issue.
	Issue 1-1: Further discuss the support of asymmetric channel bandwidths in the contexts of MFBI (n105 and n71) and implied variable duplex
•	Option 1: specify asymmetric channel bandwidth set 0 (n71) also for n105, may also facilitate the use of MFBI 
•	Option 2: do not specify asymmetric channel bandwidth set 0 for n105 
•	Option 3: other views
Agreement:
· Default duplex spacing is -51 MHz.



2 Discussion
[bookmark: _Hlk118137405]2.1	“Variable duplex” in NR_FDD_bands_varduplex
[bookmark: OLE_LINK1]In Rel-16, the work item (WI #841001, NR_FDD_bands_varduplex) [2] has introduced the concept of “variable duplex” for 4 new NR FDD frequency band among different networks. The WI enables the uplink and downlink of the introduced bands to be from 2 different licensed spectrum blocks, and new paired bands are defined in the RF specifications as n91, n92, n93 and n94, i.e. Band nA, nB, nC and nD in the box below with the yellow highlight.
The feature of those paired bands is that the spectrum range of UL is greater than that of the DL due to the band combination including the existed SDL bands n75, n75 and SUL bands n81, n82 which serves the justification of this WI.
The introduced “variable duplex” has been significantly solved the compatibility issue between two networks in different bands licensed in different time. This sort of configuration gives the flexibility in case of the NR standalone operation to share an LTE uplink carrier in the NR uplink. 
This is the first time that “variable duplex” introduced in NR bands which has been already specified in section 5.2 of TS 38.101-1 The objective of the WI are captured in below box:
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
1) Framework part: For new frequency bands (like 2a), 2b), 2c), 2d) below) specified as standalone bands and as part of EN-DC operation that include spectrum designated for SDL licensed operation, identify how to enable in 3GPP specifications core RAN4 requirements for the following configuration aspects:
a) The operating duplex mode shall be “Variable duplex FDD”, given that the uplink and downlink blocks may have been licensed independently and shall be operable simultaneously by the UE.
b) Uplink sharing operation of the NR uplink carrier with an LTE uplink carrier
i) from network perspective in case of standalone operation
ii) from UE perspective (ULSUP-TDM and ULSUP-FDM) in case of EN-DC operation. 
c) Base station RF requirements shall take into account the presence of an additional downlink LTE carrier, given that the uplink may be operating on a licensed band where downlink is used by other RATs.
2) New bands part: Subsequently, specify RF requirements for the following new NR frequency bands that include spectrum designated for SDL licensed operation in Europe, with Release independence from Rel-15:
a) Band nA: 1427 – 1432 MHz DL / 832 – 862 MHz UL (only for Local Area BS operation)
b) Band nB: 1432 – 1517 MHz DL / 832 – 862 MHz UL
c) Band nC: 1427 – 1432 MHz DL / 880 – 915 MHz UL (only for Local Area BS operation)
d) Band nD: 1432 – 1517 MHz DL / 880 – 915 MHz UL
Also identify and specify the set of UL and DL channel bandwidths that are allowed to be simultaneously operated by the UE.



The conclusion of the system parameters of the WI has been reflected in TS 38.101-1 including operating bands, channel bandwidth, rasters, Tx-Rx separation, etc. The main achievement has been summarized in [3].
In particular, the Note 9 within the Table 5.2-1 has indicated “variable duplex operation does not enable dynamic variable duplex configuration by the network, and is used such that DL and UL frequency ranges are supported independently in any valid frequency range for the band”. This also means the “variable duplex” enables individual operator to choose the duplex spacing independently. Compared with the conventional duplex spacing, the situation would be the similar for the same operator but enables flexibility of different duplex spacing configurations for different operators.
Additionally, the Note 2 within Table 5.4.4-1 has specified the Tx-Rx frequency separation range of n91, n92, n93 and n94 which were calculated by the equation given. The UL and DL channel bandwidth combinations specified in Table 5.3.5-1 and 5.3.6-1 depend on the subcarrier spacing configuration μ. Out of the ordinary as other frequency bands, the default duplex of the four bands no longer applies, and the Tx-Rx frequency separation becomes a range for operators to configure, which would be the essence of “variable duplex” mode. 
	Table 5.2-1: NR operating bands in FR1
	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n91
	832 MHz – 862 MHz
	1427 MHz – 1432 MHz
	FDD9

	n92
	832 MHz – 862 MHz
	1432 MHz – 1517 MHz
	FDD9

	n93
	880 MHz – 915 MHz
	1427 MHz – 1432 MHz
	FDD9

	n94
	880 MHz – 915 MHz
	1432 MHz – 1517 MHz
	FDD9

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]NOTE 9:	Variable duplex operation does not enable dynamic variable duplex configuration by the network, and is used such that DL and UL frequency ranges are supported independently in any valid frequency range for the band. 


Table 5.4.4-1: UE TX-RX frequency separation
	n71
	-46 MHz

	n91
	570 MHz – 595 MHz
(NOTE 2)

	n92
	575 MHz – 680 MHz (μ = 0)
580 MHz – 675 MHz (μ = 1)
(NOTE 2)

	n93
	517 MHz – 547 MHz
(NOTE 2)

	n94
	522 MHz – 632 MHz (μ = 0)
527 MHz – 627 MHz (μ = 1)
(NOTE 2)

	NOTE 2:	The range of TX-RX frequency separation given paired UL and DL channel bandwidths BWUL and BWDL is given by the respective lower and upper limit FDL_low – FUL_high + 0.5(BWDL + BWUL) and FDL_high – FUL_low – 0.5(BWDL + BWUL). The UL and DL channel bandwidth combinations specified in Table 5.3.5-1 and 5.3.6-1 depend on the subcarrier spacing configuration μ [6].






[bookmark: _Hlk118487781]Observation 1：	The “variable duplex” is a specific concept applied to only four bands, n91, n92, n93, n94, which enables 2 different licensed spectrum blocks for uplink and downlink as introduced in Rel-16. 

Observation 2：	The Uplink and Downlink frequency range for the four bands that “variable duplex” applies to are unequal due to the band combination between n81, n82 for UL and n75, n76 for DL.  

Observation 3:	The Tx-Rx frequency separation of the four bands with “variable duplex” is a frequency range than a nominal value, so that individual operator could determine the Tx-Rx frequency separation independently.

[bookmark: _Hlk118139373]2.2	“Variable duplex” in Asymmetric bandwidth
In FDD, the confinement is defined as a maximum deviation to the Tx-Rx carrier centre frequency separation, which means the duplex spacing would be allowed to deviate from the default one specified in Table 5.4.4-1, UE TX-RX frequency separation. This is also visualized in [3] and described as “variable duplex”. 
	The UE channel bandwidth can be asymmetric in downlink and uplink. In asymmetric channel bandwidth operation, the narrower carrier shall be confined within the frequency range of the wider channel bandwidth.
In FDD, the confinement is defined as a maximum deviation to the Tx-Rx carrier centre frequency separation (defined in table 5.4.4-1) as following:
[bookmark: _Hlk118138612]ΔFTX-RX = | (BWDL – BWUL)/2 |
The operating bands and supported asymmetric channel bandwidth combinations are defined in table 5.3.6-1.
Table 5.3.6-1: FDD asymmetric UL and DL channel bandwidth combinations
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set

	n71
	5
	10
	0

	
	10
	15
	

	
	15
	20
	

	
	5
	10
	1

	
	10
	15
	

	
	15
	20
	

	
	20
	35
	

	
	20
	25, 30, 35
	2

	n911
	10
	5
	0

	n921
	5
	10, 15, 20
	0

	
	10
	15, 20
	

	n931
	10
	5
	0

	n941
	5
	10, 15, 20
	0

	
	10
	15, 20
	

	NOTE 1:	The assignment of the paired UL and DL channels are subject to a TX-RX separation as specified in clause 5.4.4.
NOTE 2: 	As indicated in TS38.306 [15], it is mandatory for UEs to support asymmetric channel BCS0 if there is an asymmetric BCS0 defined for the band.





[bookmark: _Hlk118140603]
Observation 4:       The “variable duplex” spacing is a frequency range which is not an appropriate word for discussion of Bands n105. The change of the duplex spacing from other certain conditions including asymmetric channel bandwidth is not the concept of “variable duplex” already used in the spec.

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]It seems the “variable duplex” used here is a more general concept that indicate the duplex spacing is changeable due to asymmetric channel bandwidth, which is also similar with the concept introduced in [5] and [6]. However, it is still the conventical way to specify a nominal/fixed value for Tx-Rx separation value in Table 5.4.4-1 in TS 38.101-1. 
In terms of the “variable duplex” applied to n91, n92, n93 and n94, whose Tx-Rx separation is a frequency range which enable operator to determine it individually. This is a terminology assigned to those four bands in particular.
At this point, it is recommended that the meeting could distinguish and clarify the concept of “variable duplex” for disambiguation.

Proposal 1:	The “variable duplex” concept is only used for Bands n91, n92, n93 and n94 in particular with meaningful reason that specified in spec, and the duplex spacing would be a frequency range. 

Proposal 2:	Instead of forgoing mentioned “variable duplex”, an appropriate wording may be introduced for the sake of discussion, e.g. “multiple duplex” or something else. This means the bands is still requires to specify a nominal duplex spacing (-51MHz) (Tx-Rx frequency separation) and the duplex spacing value can be changed into other fixed value due to certain conditions.

3 Conclusions
This paper discussed about the concept of variable duplex. And got the following conclusions:

Observation 1：	The “variable duplex” is a specific concept applied to only four bands, n91, n92, n93, n94, which enables 2 different licensed spectrum blocks for uplink and downlink as introduced in Rel-16. 

Observation 2：	The Uplink and Downlink frequency range for the four bands that “variable duplex” applies to are unequal due to the band combination between n81, n82 for UL and n75, n76 for DL.  

Observation 3:	The Tx-Rx frequency separation of the four bands with “variable duplex” is a frequency range than a nominal value, so that individual operator could determine the Tx-Rx frequency separation independently.

Observation 4:       The “variable duplex” spacing is a frequency range which is not an appropriate word for discussion of Bands n105. The change of the duplex spacing from other certain conditions including asymmetric channel bandwidth is not the concept of “variable duplex” already used in the spec.

Proposal 1:	The “variable duplex” concept is only used for Bands n91, n92, n93 and n94 in particular with meaningful reason that specified in spec, and the duplex spacing would be a frequency range. 

Proposal 2:	Instead of forgoing mentioned “variable duplex”, an appropriate wording may be introduced for the sake of discussion, e.g. “multiple duplex” or something else. This means the bands is still requires to specify a nominal duplex spacing (-51MHz) (Tx-Rx frequency separation) and the duplex spacing value can be changed into other fixed value due to certain conditions.
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