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1	Introduction 
During the NR-U A-MPR studies for intra-band contiguous uplink (UL) carrier aggregation (CA), it was found that the spacing for two adjacent component carriers (CC) may exceed the nominal channel spacing. According to the core requirement of clause "5.4A.1 channel spacing for CA," for intra-band contiguous operation, the network may configure cells with spacing less than the nominal channel spacing. However, cells configured with a channel spacing greater than the nominal channel spacing are considered as configurations only valid for non-contiguous CA. We are concerned that UEs designed to support intra-band contiguous CA operation, such as CA_n96B, may consider invalid network configurations for which the channel spacing exceeds the nominal channel bandwidth. For such configurations, the initial attach behavior may be uncertain, e.g., the UE may fail the initial attach procedure. This concern is applicable to both uplink CA and downlink CA. This paper proposes two solutions to address this concern with the intention to collect the companies' views on this ambiguity.
2 Discussion
[bookmark: _Ref148105595]Contrary to NR, operation in unlicensed bands (aka "NR-U") is supported using a discrete set of NR-ARFCN channels which have been selected to serve a dual purpose: 
1. To enable listen-before-talk, the NR-U channels shall match as closely as possible the grid of WiFi channels;
2. To enable intra-band contiguous CA operation, the NR-U channels shall meet the nominal channel spacing specified in clause 5.4A.1. 
Due to the large bandwidth of band n96, it is not possible to meet both requirements across the whole band. This is because the NR nominal channel spacing for intra-band contiguous operation may be less than the Wi-Fi channel spacing. For example, two 20MHz adjacent channels are separated by 20MHz for Wi-Fi, but for NR, they are separated by 19.98MHz. To mitigate this mismatch, the NR-U channels have been specified so that a correction is applied at regular intervals. 

This regular correction pattern is highlighted in grey in Table 1 for the example of band n96 lowermost 20MHz channel bandwidth (CBW) channels.
[bookmark: _Ref149732608]Table 1: Spacing between adjacent 20MHz CBW lowermost channels of band n96.

	UL/DL
	CBW
(MHz)
	Band n96 
NR-ARFCN 
(Table 5.4.2.3-3)
	Fc 
(MHz)
	Delta ARFCN
	Configured channel spacing (MHz)
	Clause 5.4A.1
Intra-band contiguous nominal channel spacing (MHz)

	UL/DL
	20
	797000
	5955
	
	
	

	UL/DL
	20
	798332
	5974.98
	1332
	19.98
	19.98

	UL/DL
	20
	799668
	5995.02
	1336
	20.04
	19.98

	UL/DL
	20
	801000
	6015
	1332
	19.98
	19.98

	UL/DL
	20
	802332
	6034.98
	1332
	19.98
	19.98

	UL/DL
	20
	803668
	6055.02
	1336
	20.04
	19.98

	UL/DL
	20
	805000
	6075
	1332
	19.98
	19.98

	UL/DL
	20
	806332
	6094.98
	1332
	19.98
	19.98

	UL/DL
	20
	807668
	6115.02
	1336
	20.04
	19.98



From Table 1 we observe that the nominal channel spacing specified of 19.98MHz for 20MHz+20MHz uplink or downlink CA is:
· Met when the band n96 cell is configured with adjacent CCs using channels 79700 + 798332, 799668 + 801000, 801000+802332 etc. (see blue highlighted cells).
· Exceeded by 60kHz when the band n96 cell is configured with adjacent CCs using channels 798332 + 799668, 802332 +803668 etc. (see grey highlighted cells). The spacing for these channels is 20.04MHz and this spacing does not violate the FFT alignment.
Observation 1: For intra-band contiguous operation in band n96, the nominal channel spacing specified in clause 5.4A.1 may be exceeded for certain network configurations. For example, in band n96, the spacing between the 20MHz CBW NR-ARFCN 798332 and channel 799668 is 20.04MHz. This spacing exceeds the nominal channel spacing of 19.98MHz by 60kHz. We note however that this channel spacing is valid since it meets the FFT grid alignment.
In Figure 1 below, we reproduce the core requirement text from clause 5.4A.1 that explains the allowed deviations from the specified nominal channel spacing.
[image: ]
[bookmark: _Ref148106162] Figure 1: Channel spacing core requirement for intra-band CA – excerpt from clause 5.4A.1.

In summary:
· For intra-band contiguous CA: the network is allowed to adjust the channel spacing to a value less than the nominal channel spacing - see yellow highlighted text Figure 1;
· For intra-band non-contiguous: the CC spacing shall be larger than the nominal channel spacing- see blue highlighted text Figure 1.

The concern here is that a UE that has been designed to support intra-band contiguous operation, such as CA_n96B, may perform a check of CC configuration and may conclude that if the channel spacing exceeds the nominal channel spacing, the network configuration is not valid and hence the UE may fail the initial attach procedure.

Observation 2: From clause 5.4A.1, UEs designed to support intra-band contiguous CA operation, such as CA_n96B, may consider that network configurations for which the channel spacing exceeds the nominal channel bandwidth are not valid for intra-band contiguous operation. The initial attach UE behavior may be uncertain, e.g., the UE may fail the initial attach procedure.

To address Observations 1 and 2, we make the following proposal and invite interested companies to share their views.

Proposal: We propose two options to address the ambiguity of a UE configured to attach to NR-U adjacent CCs whose channel spacing exceeds the nominal channel spacing:  
· Option 1: Amend clause 5.4A.1 core requirement text to exceptionally allow NR-U intra-band contiguous operation for the case when the nominal channel spacing is "slightly" exceeded. The term "slightly" would need to be further discussed and captured in the form of an equation.
· Option 2: Allow the network to use additional NR-ARFCN channels so that the nominal channel spacing is always met.
In any case, it should be noted that both TS 38.101-1 and TS 38.104 are potentially impacted since this ambiguity exists for both uplink CA and downlink CA.
3 Conclusion
In this contribution we observe that the nominal channel spacing may be exceeded for certain pairs of adjacent component carriers. For such network configurations, the initial attach UE behavior is uncertain, the UE may fail its initial attach procedure. 
Observation 1: For intra-band contiguous operation in band n96, the nominal channel spacing specified in clause 5.4A.1 may be exceeded for certain network configurations. For example, in band n96, the spacing between the 20MHz CBW NR-ARFCN 798332 and channel 799668 is 20.04MHz. This spacing exceeds the nominal channel spacing of 19.98MHz by 60kHz. We note however that this channel spacing is valid since it meets the FFT grid alignment.
Observation 2: From clause 5.4A.1, UEs designed to support intra-band contiguous CA operation, such a CA_n96B, may consider that network configurations for which the channel spacing exceeds the nominal channel bandwidth are not valid for intra-band contiguous operation. The initial attach UE behavior may be uncertain, e.g., the UE may fail the initial attach procedure.

To address Observations 1 and 2 we make the following proposal and invite interested companies to share their views.

Proposal: We propose two options to address the ambiguity of a UE configured to attach to NR-U adjacent CCs whose channel spacing exceeds the nominal channel spacing:  
· Option 1: Amend clause 5.4A.1 core requirement text to exceptionally allow NR-U intra-band contiguous operation for the case when the nominal channel spacing is "slightly" exceeded. The term "slightly" would need to be further discussed and captured in the form of an equation.
· Option 2: Allow the network to use additional NR-ARFCN channels so that the nominal channel spacing is always met.
In any case, it should be noted that both TS 38.101-1 and TS 38.104 are potentially impacted since this ambiguity exists for both uplink CA and downlink CA.
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‘The channel spacing for intra-band contiguous carrier agregation can be adjusted to any multiple of least common
multiple of channel raster and sub-carrier spacing less than the nominal channel spacing to optimize performance in a
particular deployment scenario.

For intra-band non-contiguous carrier aggregation. the channel spacing between two NR component carriers in different
sub-blocks shall be larger than the nominal channel spacing|defined in this clause.




