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1 Introduction
[bookmark: OLE_LINK20]This contribution proposes a way forward to simplify our initial proposal [1] and to address comments received at the RAN4 meeting 110 [2] on how to best capture the NR-U deviations from the NR bands Nominal Channel Spacing (NCS) equations.
2 Discussion
2.1 	Background information
At the RAN4 meeting 110, we proposed change requests (CRs) to address concerns of NR-U user equipment (UE) that may consider the NR-U cell configurations invalid for cells configured with two or more adjacent component carriers (CCs). The justification for this concern is based on observations summarized in [1] where the NR-U configured channel spacing for two adjacent CCs:
1)  Does not comply with the generic NCS equations defined in clause 5.4A.1 for NR bands, and,
2)  It also does not comply with the adjacent carrier NCS defined in clause 5.4.1.1. 
The risk is that a UE may reject an initial cell-attach event if the UE compares the configured channel spacing with the expected theoretical channel spacing, and concludes that the cell configuration does not comply with TS 38.101-1 and/or TS 38.104 NCS equations.
To address these concerns, proposal 1 in our contribution [1] suggested to introduce a list of deviations based on the analyses captured in [1] and summarized below. 
Proposal 1 [1]:
· Add the following text to Rel-16 clause 5.4.1.1:
For NR bands restricted to operation with shared-spectrum channel access, 
	Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 + {-40 kHz, -20 kHz, 0 kHz, 20 kHz, 40 kHz}.
· Add the following text into a new clause 5.4F:
5.4F	Channel arrangement for shared spectrum channel access
5.4F.1A	Channel spacing for CA
For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent shared-spectrum access component carriers is defined as the following, unless stated otherwise:
For NR bands restricted to operation with shared-spectrum channel access,

 + {0 kHz, 60 kHz, 120 kHz, 180kHz, 240kHz, 300kHz} 
with
n = µ0
where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective shared-spectrum access component carriers according to Table 5.3.2-1 with values in MHz, μ0  is the largest μ value among the subcarrier spacing configurations supported in the operating band for both of the channel bandwidths according to Table 5.3.5-1 and GBChannel(i) is the minimum guard band for channel bandwidth i according to Table 5.3.3-1 for the said μ value with μ as defined in TS 38.211. In case there is no common μ value for both of the channel bandwidths, μ0=1 is selected and GBChannel(i) is the minimum guard band for channel bandwidth i according to Table 5.3.3-1 for μ=1 with μ as defined in TS 38.211.
One company commented in [2] that a set of rules had been previously proposed [3] to address the NR-U exceptions with regards to NCS for intra-band CA operation. Proposal 2 summarizes the key concept presented in [3]. 
Proposal 2 [3]:
For operations with shared spectrum access [in Band n46] the nominal channel spacing is
-	20.01 + {-0.03,0.03} MHz between two 20 MHz component carriers
-	39.99 + {-0.03,0.03} MHz between two 40 MHz component carriers
-	80.01 + {-0.03,0.03} MHz between two 80 MHz component carriers
-	15 MHz between 10 MHz and 20 MHz component carriers
-	30 MHz between 20 MHz and 40 MHz component carriers
-	50.01 + {-0.03,0.03} MHz between 20 MHz and 80 MHz component carriers
-	60 MHz between 40 MHz and 80 MHz component carriers
With regards to proposal 2, we observe:
1) [bookmark: _Ref103591637]To our understanding, the comments in [2] were not opposed to our proposal to introduce exception rules on NCS for NR-U. Instead, these comments suggest a different approach to capture the NR-U exceptions. There appears to be a consensus that some exception rules are needed. The challenge is  is more about how to capture these rules.
2) Proposal 2 is incomplete since it addresses only Band n46 and it does not cover all possible combinations of adjacent CC channel bandwidths (CBWs). This proposal could easily be revisited to ensure that all cases are addressed and requirements are written in way similar to [1] to ensure they become frequency band agnostic,
3) Proposal 2 does not address the need to introduce exceptions to the adjacent carrier NCS rules for NR-U
4) Proposal 2 specifies a list of NR-U NCS that would make the TS more complicated to understand and more difficult to maintain in case new NR-U CC CBW are introduced.
Observation 1:
· To address the concerns raised in [1], there appears to be a consensus that RAN4 needs to specify NR-U exception rules to the NCS defined in clause 5.4.1.1 and 5.4A.1,
· Proposal 1 [1] addresses this concern with a list of deviations for each type of NCS,
· Proposal 2 [2,3] partially addresses this concern:
· This proposal is incomplete and requires additional work:
· to cover all CC CBW combinations, and 
· to address the exceptions to the NCS rules of clause 5.4.1.1,
· to become NR-U frequency band agnostic
· This proposal would make the TS more complex than Proposal 1 and more difficult to maintain in case new NR-U CC CBWs are introduced in the future.

We present two alternative proposals to address observation 1:

· Alternative 1: Since the concern is about ensuring that UE does not consider invalid a cell that is configured with a NCS that exceeds the value specified in the equations of clause 5.4.1.1 and 5.4A.1, it should be sufficient to specify that for NR-U, the NCS may be exceeded. To prevent excessive deviations, we believe it is sufficient to specify a single value of maximum deviation from the NCS, as defined in clause 5.4.1.1 and 5.4A.1. This is justified by the fact that the deviations are sufficiently bounded by the list of discrete NR-ARFCNs allowed for NR-U operation in Bands n46, n96, and n102.
· Alternative 2: Additional analysis of the data collected in the Annex of [1] indicates that the NR-U deviations from the NCS, defined in both clause 5.4.1.1 and clause 5.4A.1, could be specified using the following set of exception rules:
For NR-U, the channel spacing between two adjacent component carriers is equal to:
· AggBW/2 for 60, 120 and 180MHz AggBW,
· AggBW/2 + {-0.02,0.04} for 40, 100 and 160MHz AggBW
· AggBW/2 + {-0.04,0.02} for 80, 140 and [200]MHz AggBW,
where “AggBW” is the aggregated CBW of the two adjacent component carriers, and is defined as AggBW = CC1CBW+CC1CBW. Note that the 200MHz AggBW is not yet requested in any BCS for NR-U.

Observation 2: RAN4 may consider two alternative solutions to capture the NR-U deviations from the NR NCS equations.
Alternative #1: It is sufficient to specify a single value of the NR-U channel spacing maximum deviation from the NCS, as defined in clause 5.4.1.1 and 5.4A.1.
Alternative #2: For NR-U, the channel spacing between two adjacent component carriers is equal to
· AggBW/2 for 60, 120 and 180 MHz AggBW,
· AggBW/2 + {-0.02,0.04} for 40, 100 and 160 MHz AggBW
· AggBW/2 + {-0.04,0.02} for 80, 140 and [200] MHz AggBW,
where “AggBW” is the aggregated CBW of the two adjacent component carriers and is defined as AggBW = CC1CBW+CC1CBW.
There are pro&cons to each alternative. Our preference is Alternative 1: it has minimal impact on the TS complexity and it is simpler to maintain than compared to alternative #2.

[bookmark: _Ref161767233]Proposal 3: In TS 38.101-1, capture the NR-U channel spacing exception to the NR nominal channel spacing rules by adopting the Observation 2 Alternative#1 solution:

· To Clause 5.4.1.1, add the following sentence:
For NR bands restricted to operation with shared-spectrum channel access, the maximum deviation from the nominal channel spacing is [40] kHz.

· To Clause 5.4A.1, add the following sentence:

The channel spacing for intra-band contiguous carrier aggregation 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 contiguous carrier aggregation in NR bands restricted to operation with shared-spectrum channel access, the maximum deviation from the nominal channel spacing is [300] kHz.

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. 

3 Conclusion
For NR-U, the NR nominal channel spacing specified for adjacent carriers in clause 5.4.1.1 and the nominal channel spacing for intra-band contiguous CA operation specified in clause 5.4A.1 may be exceeded for certain pairs of adjacent component carriers. For such cell configurations, the NR-U initial attach UE behavior may be unreliable, and the UE may fail its initial attach procedure for both downlink CA and uplink CA operation. There seems to be consensus RAN4 needs to capture a set of exceptions rule regarding NCS for NR-U within FR1. In this contribution we propose a simplified alternative to our initial proposal [1] based on the following observations.
Observation 1:
· To address the concerns raised in [1], there appears to be a consensus that RAN4 needs to specify NR-U exception rules to the NCS defined in clause 5.4.1.1 and 5.4A.1,
· Proposal 1 [1] addresses this concern with a list of deviations for each type of NCS,
· Proposal 2 [2,3] partially addresses this concern:
· This proposal is incomplete and requires additional work:
· to cover all CC CBW combinations, and 
· to address the exceptions to the NCS rules of clause 5.4.1.1,
· to become NR-U frequency band agnostic
· This proposal would make the TS more complex than Proposal 1 and more difficult to maintain in case new NR-U CC CBWs are introduced in the future.

Observation 2: RAN4 may consider two alternative solutions to capture the NR-U deviations from the NR NCS equations.
Alternative #1: It is sufficient to specify a single value of the NR-U channel spacing maximum deviation from the NCS, as defined in clause 5.4.1.1 and 5.4A.1.
Alternative #2: For NR-U, the channel spacing between two adjacent component carriers is equal to
· AggBW/2 for 60, 120 and 180 MHz AggBW,
· AggBW/2 + {-0.02,0.04} for 40, 100 and 160 MHz AggBW
· AggBW/2 + {-0.04,0.02} for 80, 140 and [200] MHz AggBW,
where “AggBW” is the aggregated CBW of the two adjacent component carriers and is defined as AggBW = CC1CBW+CC1CBW.
Regarding observation 2, our preference is Alternative : it has minimum impact on the TS complexity and it is simpler to maintain than alternative #2.
Proposal 3: In TS 38.101-1, capture the NR-U channel spacing exception to the NR nominal channel spacing rules by adopting the observation 2 alternative#1 solution:

· To Clause 5.4.1.1, add the following sentence:
For NR bands restricted to operation with shared-spectrum channel access, the maximum deviation from the nominal channel spacing is [40] kHz.

· To Clause 5.4A.1, add the following sentence:

The channel spacing for intra-band contiguous carrier aggregation 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 contiguous carrier aggregation in NR bands restricted to operation with shared-spectrum channel access, the maximum deviation from the nominal channel spacing is [300] kHz.

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. 
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