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Introduction
[bookmark: _Hlk117527071]Under the APT NR 600 MHz Work Item there have been discussion of configurations that can support legacy n71 UEs. So far there has not been agreement on the need for asymmetric channel bandwidths (other than for DLs > 20 MHz) and variable duplex spacing.  This paper proposes a solution for compatibility between an n105 network and legacy n71 UEs without the downsides of the proposals in R4-2216451[1] and R4-2215942[2]. 
Discussion
At the last meeting on whether of not variable duplex spacing would be supported for n105, or if only the -51 MHz duplex spacing would be supported. The agreement was:
Agreement:
· Default duplex spacing is -51 MHz.
In this paper we show why support for the n71 -46 MHz duplex spacing would be useful. We noticed that 38.101-1 uses “TX–RX frequency separation” rather than “duplex spacing,” so that is what we used in the actual text proposal.  
In the long run, many UEs will likely support both n71 and n105. However, in the short run there are tens if not hundreds of millions of devices that currently support n71, so it would be desirable if they could be compatible with n105 networks via the multi frequency band list feature. Some previous proposals didn’t receive strong support from APT operators, likely because of some of the downsides. This briefly summarizes those proposals and proposes a new alternative. 
2.1 Previous Proposals
At RAN4#104bis-e there were two proposals for how n71 UEs could operate in an n105 network. 
R4-2216451[1] proposed that if  n71 UEs support variable duplex spacing (-51 MHz in addition to -46 MHz), that m105 uplink blocks 2-7 could be paired with n41 DL blocks 2-7.
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While this would allow part of band n105 to be compatible with n71 UEs that support -51 MHz duplex spacing, it is only compatible with part of the band. One APT600 operator expressed concern that it might devalue the spectrum in blocks 1 and 8.
R4-2215942[2] proposed using asymmetric uplink/downlink configurations with PRB blanking for the spectrum that is in both n71 and n105, and n105 cells for the 612-617 MHz at the bottom of the downlink, and 698-703 MHz at the top of the uplink, as seen in the following 3 figures: 
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One downside to this approach is that the blanked downlink PRBs will be subject to interference from neighbor gNBs in the configurations where a neighbor owns the blanked spectrum, as shown in the first two figures above. Also, in the first and third figure above there can be seen a UE specific channel bandwidth with 5 MHz of Blanked PRBs that is also configured as an Scell. This would seem to require overlapping CA, which is not yet defined. The proposal also assumes that all n71 UEs support Asymmetric BCS0 
2.2 New Proposal
This paper proposes some network configurations that allow for compatibility between n105 networks and legacy n71 UEs, which do not use PRB blanking and use all the licensed spectrum efficiently. The proposals here do require n105 UEs to support variable duplex spacing. Also, some of the alternatives require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, and UE specific channel bandwidths that are not on the 100 kHz raster. Since n105 UEs do not yet exist, these new requirments for n105 will not cause backwards compatibility issues.
Assumption: All n71 UEs support asymmetric BCS0 (required in 38.101-1 for bands that have bCS0 defined)





2.2.1 Example 1: 15 MHz at the bottom of n105
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Figure 1. Example 1: 15 MHz at the bottom of n105
An asymmetric channel bandwidth is not used for n71 because the uplink would be wider than the downlink, which is not supported by the n71 asymmetric BCSs.
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centered on the 100 kHz raster. Point A for the downlink needs to be located at or below lower edge of n105. 
Alternative 2 uses UL and DL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth thar are not centered on the 100 kHz raster.
2.2.2 Example 2: 10 MHz at the bottom of n105
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Figure 2. Example 2: 10 MHz at the bottom of n105
An asymmetric channel bandwidth is not used for n71 because the uplink would be wider than the downlink, which is not supported by the n71 asymmetric BCSs.
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centered on the 100 kHz raster. Point A for the downlink needs to be located at or below lower edge of n105.  
Alternative 2 uses UL and DL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth thar are not centered on the 100 kHz raster.
2.2.3 Example 3: 10 MHz at the top of n105
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Figure 3. Example 3: 10 MHz at the top of n105
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centered on the 100 kHz raster. 
Alternative 2 uses UL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth thar are not centered on the 100 kHz raster.
2.2.4 Example 4: 15 MHz in the center of n105
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Figure 4. Example 4: 15 MHz in the center of n105
If n71 UEs support variable duplex spacing (-46 MHz is the default, but others like -51 MHz are possible), then the full 15 MHz can be used by both n71 and n105 UEs.
If n71 UEs do not support -51 MHz duplex spacing:
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centered on the 100 kHz raster. 
Alternative 2 uses UL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth thar are not centered on the 100 kHz raster.
2.2.5 Example summary
We have shown in Example 1-4 that there are efficient ways that networks can be configured to be support both n105 UEs and legacy n71 UEs without requiring PRB blanking or only using part of n105. 

Observation 1: There are efficient ways that networks can be configured to be support both n105 UEs and legacy n71 UEs without requiring PRB blanking or only using part of n105.
Observation 2: Some of the alternatives use NR CA, and do not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidths that are not centered on the 100 kHz raster. However, since CA will be less spectrally efficient than the use of UE specific channel bandwidths, these alternatives are less desirable for the operators.
Observation 3: Some of the alternatives use UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, and UE specific channel bandwidths that are not centered on the 100 kHz raster due to the even/odd PRB issue described in R4-2216801[3]. If not mandatory, it would be useful if there were new UE capabilities to indicate support for UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, and UE specific channel bandwidths that are not centered on the 100 kHz raster.

2.3 The even/odd PRB issue
In R4-2216801[3] we showed that if a SIB1 channel bandwidth has an even number of PRBs and a UE specific channel BW has an odd number of PRBs, it is impossible to have them both aligned with the 100 kHz raster. Alternative 1 for Example 2 and Example 3 use a 5 MHz SIB1 channel bandwidth with a 10 MHz UE specific channel bandwidth. 5 MHz has an odd number of PRBs (25) and 10 MHz has an even number of PRBs (52), so it would be impossible to have a 5 MHz SIB1 channel bandwidth with a 10 MHz UE specific channel bandwidth if they both had to be centered on the 100 kHz raster. For the low end of the n105 downlink of Example 2, a 10 MHz carrier centered on the 100 kHz raster would be centered at 617 MHz, and a 5 MHz carrier between 617-622 MHz would be centered at the 100 kHz raster. 
For the PRBs to align, the centers of the even/odd channel bandwidths have to be offset by 90 kHz plus an integer number of 180 kHz. So, if the 5 MHz channel was centered on 619.5 MHz, the 10 MHz carrier could be centered on 617.07 MHz, or if the 10 MHz channel was centered on 617 MHz the 5 MHz channel would need to be centered on 619.43 MHz. Because legacy n71 devices may need the SIB1 channel bandwidth to be on the 100 kHz raster, it would be more practical to require that new n105 UEs do not need UE specific channel bandwidths to be on the 100 kHz raster. This could either be a mandatory requirement, or one indicated with a new UE capability IE. 
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Figure 2 Calculation of center frequencies with aligned PRBs
Proposal 1: 	Option A: Require n105 UEs to support SIB1 channel bandwidths that are not located on the 100 kHz raster.
Option B: Create a new UE capability for UEs to indicate support for UE specific channel bandwidths that are not on the 100 kHz raster. 
2.4 UE specific channel bandwidths that are wider than the SIB1 channel bandwidth
In the irregular channel bandwidth study item, RAN4 asked RAN1 and RAN2 if it was possible to use UE specific channel bandwidths that are wider than the cell specific channel bandwidth that is broadcast in SIB1. RAN1 deferred to RAN2 [4], while RAN2 replied that it is possible from a signalling perspective for the UE to be configured with a UE specific channel bandwidth that is wider than the SIB1 channel bandwidth as long as the PRBs align, but there was “no consensus whether a new capability is needed to support that the dedicated channel bandwidth is outside SIB1 channel bandwidth.” [5]
Because the n105 downlink extends below the n71 downlink, and the n105 uplink extends above the n71 uplink. It would be useful for the n105 UEs to support UE specific channel bandwidths that are wider than the SIB1 channel bandwidths which must be within n71 to ensure compatibility between n71 and n105
In order to support the Alternative 1 for Example 1-4 above, it would be useful for n105 UEs to support UE spec 
[bookmark: _Hlk117599253]Proposal 2: 	Option A: Require n105 UEs to support UE specific channel bandwidths that are wider than the Cell specific channel bandwidth in SIB1.
Option B: Create a new UE capability to indicate support for UE specific channel bandwidths that are wider than the Cell specific channel bandwidth in SIB1.
[bookmark: _Hlk117546488]2.5 Asymmetric channel bandwidths
Example 3 and Example 4 require support for asymmetric channel bandwidths. In order to support these configurations, n105 UEs should support the same asymmetric bandwidth combinations as n71 BCS0 and BCS2
[image: ]Figure 5: n71 BCSs
Observation 4: Some of the alternatives use asymmetric up-link/downlink configurations. 
Proposal 3: n105 UEs shall support the following Asymmetric BCS0:
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set
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2.6 Summary
Observation 5: The proposals don’t prevent an operator from deploying an n105 network with a normal -51 MHz duplex spacing without making any accommodations for legacy n71 UEs. The proposals only give n105 operators n71 compatible deployment options. 
Observation 6: Since most n105 UEs will also likely support n71 for roaming, having n105 UEs support the -46 MHz duplex spacing and the proposed asymmetric BCS will not add complexity to the design since these are required for n71 support.
2.7 Text Proposal
Proposal 4: Adopt the Text Proposal for TR 38.892 at the end of this document.

Conclusion
Observation 1: There are efficient ways that networks can be configured to be support both n105 UEs and legacy n71 UEs without requiring PRB blanking or only using part of n105.
Observation 2: Some of the alternatives use NR CA, and do not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidths that are not centered on the 100 kHz raster. However, since CA will be less spectrally efficient than the use of UE specific channel bandwidths, these alternatives are less desirable for the operators.
Observation 3: Some of the alternatives use UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, and UE specific channel bandwidths that are not centered on the 100 kHz raster due to the even/odd PRB issue described in R4-2216801[3]. If not mandatory, it would be useful if there were new UE capabilities to indicate support for UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, and UE specific channel bandwidths that are not centered on the 100 kHz raster.
Observation 4: Some of the alternatives use asymmetric up-link/downlink configurations. 
Observation 5: The proposals don’t prevent an operator from deploying an n105 network with a normal -51 MHz duplex spacing without making any accommodations for legacy n71 UEs. The proposals only give n105 operators n71 compatible deployment options. 
Observation 6: Since most n105 UEs will also likely support n71 for roaming, having n105 UEs support the -46 MHz duplex spacing and the proposed asymmetric BCS will not add complexity to the design since these are required for n71 support.

Proposal 1: 	Option A: Require n105 UEs to support SIB1 channel bandwidths that are not located on the 100 kHz raster.
Option B: Create a new UE capability for UEs to indicate support for UE specific channel bandwidths that are not on the 100 kHz raster. 
Proposal 2: 	Option A: Require n105 UEs to support UE specific channel bandwidths that are wider than the Cell specific channel bandwidth in SIB1.
Option B: Create a new UE capability to indicate support for UE specific channel bandwidths that are wider than the Cell specific channel bandwidth in SIB1.
Proposal 3: n105 UEs shall support the following Asymmetric BCS0:
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set

	n105
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	10
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	10
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	15
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	20
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Proposal 4: Adopt the Text Proposal for TR 38.892 at the end of this document.
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<Beginning of Text Proposal>
[bookmark: _Toc112315164]5	Frequency band arrangement

[bookmark: _Toc112315165][bookmark: _Hlk117612420]5.1	Operating band, channel bandwidth and channel arrangement
NR band APT600 is designed to operate in the operating band defined in Table 5.1-1.
Table 5.1-1: NR operating band for APT600 band
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n105
	663 MHz
	–
	703 MHz 
	612 MHz
	–
	652 MHz
	FDD



The requirements in the TR apply to the combination of channel bandwidths, SCS and operating bands shown in Table 5.1-2.
Table 5.1-2: Channel bandwidth and SCS parameters for APT600 band
	SCS (kHz)
	channel bandwidth (MHz)

	15
	5
	10
	15
	20
	253
	303
	353

	30
	
	10
	15
	20
	253
	303
	353

	NOTE 3:	This UE channel bandwidth is applicable only to downlink.



The channel raster of APT600 band is 100 kHz based (the same as band 71/n71). The applicable NR-ARFCN entries for band n105 are defined in Table 5.1-3.
Table 5.1-3: Applicable NR-ARFCN for APT600 band
	NR operating band
	ΔFRaster
(kHz) 
	Uplink
range of NREF
(First – <Step size> – Last)
	Downlink
range of NREF
(First – <Step size> – Last)

	n1051
	100
	132600 – <20> – 140600
	122400 – <20> – 130400

	Note 1: BWPs and UE specific channel bandwidths do not need to be centered on the 100 kHz ΔFRaster



The synchronization raster for APT600 band is give in Table 5.1-4.
Table 5.1-4: Applicable SS raster entries for APT600 band
	NR operating band
	SS Block SCS
	SS Block pattern
(NOTE 1)
	Range of GSCN
(First – <Step size> – Last)

	n105
	15 kHz
	Case A
	1535 – <1> – 1624



[bookmark: _Toc112315166]5.2	Duplex spacingTX–RX frequency separation
ITo allow for network configurations that are compatible with legacy n71 UEs, in addition to the -51 MHz TX–RX frequency separation for n105, the -46 MHz n71 TX–RX frequency separation is also required. 
Table 5.2-1: UE TX-RX frequency separation
	NR Operating Band
	TX – RX 
carrier centre frequency
separation

	n105
	-46, -51 MHz



. 5.3	Asymmetric channel bandwidths
To support compatibility with n71, n105 UEs shall support the following asymmetric BCS:
Table 1 Asymmetric BCS for n105
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)
	Asymmetric channel bandwidth combination set

	n105
	5
	10
	0

	
	10
	15
	

	
	15
	20
	

	
	20
	25, 30, 35, 40
	





[bookmark: _Toc112315167]6	Compatibility with B71/n71


In the long run it is likely that n71 devices will also support n105 for international roaming, and probably with the same RF front end hardware. In the near term, there are many existing n71 UEs that do not support n105 since it is not yet defined. This clause demonstrates some network configurations that allow for compatibility between n105 networks and legacy n71 UEs. These approaches do not favor parts of the n105 spectrum and use all the licensed spectrum efficiently, although no legacy n71 UEs could use 612-617 MHz on the downlink or 698-703 MHz on the uplink. 
The examples here do require n105 UEs to support variable duplex spacing, but since n105 UEs will likely also support n71 for roaming, the UE will support -46 MHz Tx-Rx spacing for n71. 
Some of the alternatives require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, which RAN1 said was fine and RAN2 said the signalling will support, but that new capability signalling might be needed. Some of the examples also require support for UE specific channel bandwidths that are not on the 100 kHz raster, but as was discovered in the irregular channel bandwidth study item this is necessary for configurations where the UE specific channel bandwidth and the cell specific channel bandwidth don’t both have even or odd numbers of PRBs. The support of UE specific channel bandwidths not on the 100 kHz raster may become mandatory in Rel-18. Also, since n105 UEs do not yet exist, these new requirements for n105 will not cause backwards compatibility issues. 
Support for these options in the standard do not in any way mandate that an operator use them. N105 operators would be free to deploy a network with -51 MHz Tx-Rx spacing and no compatibility with legacy n71 UEs. Of the UE could use one of the configurations demonstrated below or similar. 
6.1	Example 1: 15 MHz at the bottom of n105
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Figure 6.1-1 Example 1: 15 MHz at the bottom of n105
An asymmetric channel bandwidth is not used for n71 because the uplink would be wider than the downlink, which is not supported by the n71 asymmetric BCSs.
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centred on the 100 kHz raster. Point A for the downlink needs to be located at or below lower edge of n105. 
Alternative 2 uses UL and DL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth that are not centred on the 100 kHz raster.
[bookmark: _Hlk117612790]6.2	Example 2: 10 MHz at the bottom of n105
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Figure 6.2-1 Example 2: 10 MHz at the bottom of n105
An asymmetric channel bandwidth is not used for n71 because the uplink would be wider than the downlink, which is not supported by the n71 asymmetric BCSs.
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centred on the 100 kHz raster. Point A for the downlink needs to be located at or below lower edge of n105.  
Alternative 2 uses UL and DL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth that are not centred on the 100 kHz raster.
6.3	Example 3: 10 MHz at the top of n105
[image: ]
Figure 6.3-1 Example 3: 10 MHz at the top of n105
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centred on the 100 kHz raster. 
Alternative 2 uses UL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth that are not centred on the 100 kHz raster.
6.4	Example 4: 15 MHz in the center of n105
[image: ]
Figure 6.4-1 Example 4: 15 MHz in the centre of n105
If n71 UEs support -51 MHz duplex spacing (-46 MHz is the default), then the full 15 MHz can be used by both n71 and n105 UEs.
If n71 UEs do not support -51 MHz duplex spacing:
Alternative 1 uses UE specific channel bandwidths that are wider than the SIB1 channel bandwidth and the UE specific channel bandwidth does not need to be centred on the 100 kHz raster. 
Alternative 2 uses UL CA and does not require UE specific channel bandwidths that are wider than the SIB1 channel bandwidth, or UE specific channel bandwidth that are not centred on the 100 kHz raster.
<End of Text Proposal>
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Figure 6-1 APT 600 MHz and B71/n71
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