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Introduction
In last RAN meeting, a new SI has been approved on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths. One of the objective is to study the use of overlapping UE channel bandwidths.
[bookmark: OLE_LINK2][bookmark: _GoBack]Study the use of overlapping UE channel bandwidths (from both UE and network perspective) to cover operator’s license spectrum for both UL and DL, and if new gNB channel bandwidths are needed. 
NOTE:	For all considered solutions, new (dedicated) channel filters (e.g. non-integer-multiples of 5MHz) are not considered for the UE and not prioritized for the gNB.
In the contribution, we provide discussion on this alternative.
Discussion
The flexible channel bandwidth has been discussed since Rel-15 NR study item. To trade-off the implementation complexity and efficient utilization of operators’ spectrum, 13 channel bandwidths has been introduce for FR1 in Rel-15/16, i.e. {5MHz, 10MHz, 15 MHz, 20 MHz, 25 MHz, 30 MHz, 40 MHz, 50 MHz, 60 MHz, 70 MHz, 80 MHz, 90 MHz, 100 MHz}, and two new channel bandwidths (35 MHz and 45 MHz) will be introduced in Rel-17. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK64]Observation 1: for channel bandwidths less than 50 MHz, integer-multiples of 5MHz channel bandwidths are supported/will be supported in BS/UE specifications.
Proposal 1: New dedicated channel bandwidths are not considered for both BS and UE.
Using overlapping CA and existing channel bandwidth to support irregular spectrum is one of the method without the need of introduction of new dedicated channel bandwidths.
· Approach#1: Intra-band overlapping CA from UE perspective (Both BS and UE support the intra-band overlapping CA);
· Approach#2: Intra-band overlapping CA from network perspective (BS supports the intra-band overlapping CA, while UEs only supports the single CC with the existing channel bandwidth)
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  Approach#1                 Approach#2
One cost for intra-band overlapping CA from UE perspective would be more RFIC channels. But it depends on UE capability. UE may or may not be able to support such feature. If UE already support normal inra-band CA. We do not the obstacle to optional support the feature.
Proposal 2: Intra-band overlapping CA is optional support from both UE and network perspective

Solutions 
Solution 1: new channel bandwidth for gNB and legacy channel bandwidth for UE



New channel bandwidth for gNB



UE1: legacy channel bandwidth



UE2: legacy channel bandwidth



Solution 2: Overlapping CA




Overlapping CA for gNB



Overlapping CA for UE3




UE1: legacy channel bandwidth




UE2: legacy channel bandwidth


Based on the request from the operators, we focus on 100 KHz channel raster and 15 KHz SCS.
Guardband and spectrum utilization
There are two aspects will influence the overall spectrum utilization. The first one is guardband. For all the solutions, the legacy channel bandwidth should be supported, hence the minimum guardband should not be less than the minimum guardband of lower UE channel bandwidth than operator licensed bandwidth. From this perspective, the minimum guard band requirements is the same for all the solutions.
The second aspect is channel positions. In order to support legacy UEs, channel raster should be applied for each UE channels. For solution 1 which introduces new channel bandwidth for gNB and uses legacy channel bandwidth for UE, the RB alignment is required. Hence for 100 KHz channel raster, the channel spacing is an integer multiple of 900 KHz.

· Where  is operator’s irregular bandwidth,  and is the existing UE channel bandwidths.
And for solution 2 overlapping CA, RB alignment is not needed and only subcarrier alignment is required. As a consequence, the channel spacing is an in integer multiple of 300 KHz.

With the channel spacing decided, the spectrum utilization can be calculated. Table 2-1 and Table 2-2 show the channel spacing and spectrum utilization for example channel bandwidth combinations.
Table 2-1: channel spacing and spectrum utilization for solution 1
	Band (s)
	Channel Raster
	Channel Bandwidth(MHz)
	SCS(kHz)
	CA combos
	Nominal channel spacing (MHz)
	Transmission bandwidth configuration NRB 
	SU(%)

	n5
	100 kHz
	7
	15
	5+5
	1.8
	35
	90

	
	
	11
	15
	10+10
	0.9
	57
	93.3

	
	
	12.5
	15
	10+10
	1.8
	62
	89.3

	n12
	100 kHz
	12
	15
	10+5
	4.5
	63
	94.5

	n26
	100 kHz
	7
	15
	5+5
	1.8
	35
	90

	n28
	100 kHz
	13
	15
	10+10
	2.7
	67
	92.8

	n29
	100 kHz
	6
	15
	5+5
	0.9
	30
	90

	
	100 kHz
	11
	15
	10+10
	0.9
	57
	93.3



Table 2-2: channel spacing and spectrum utilization for solution 2
	Band (s)
	Channel Raster
	Channel Bandwidth(MHz)
	SCS(kHz)
	CA combos
	Nominal channel spacing (MHz)
	Transmission bandwidth configuration NRB 
	SU(%)

	n5
	100 kHz
	7
	15
	5+5
	1.8
	35
	90

	
	
	11
	15
	10+10
	0.9
	57
	93.3

	
	
	12.5
	15
	10+10
	2.4
	65
	93.6

	n12
	100 kHz
	12
	15
	10+5
	4.5
	63
	94.5

	n26
	100 kHz
	7
	15
	5+5
	1.8
	35
	90

	n28
	100 kHz
	13
	15
	10+10
	3
	68
	94.2

	n29
	100 kHz
	6
	15
	5+5
	0.9
	30
	90

	
	100 kHz
	11
	15
	10+10
	0.9
	57
	93.3



From the calculations in tables above, it can be found that in some cases the spectrum utilization of solution 2 is higher than that of solution 1. 
Observation 2: In some cases the spectrum utilization of solution 2 is higher than that of solution 1
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]SSB
The SSB is 20 RB and 1.2 MHz sync raster. For 15 KHz SSB it require at least 3.6 MHz. For the case the overlapping part can contain the SSB, single common SSB is preferred since it avoid the overhead of multiple SSBs. The approach can also apply to overlapping CA solution, where the SSB is only configured for Pcell. And for the case the size of overlapping part is too narrow to contain the SSB, two SSBs are needed to allow legacy UEs to operate in both RF channels. And separate SSBs can be configured in frequency domain or time domain with the consideration of bandwidth size. If it is allowed that legacy UE only access in one of the RF channels, single SSB is only configure at one of the RF channels. Even in this case, the UE support overlapping CA can use the whole spectrum. 

Impact to other WG
NR provides the flexibility to avoid any collisions of SSB, CORESET and reference signals between two overlapping CCs in frequency domain or time domain. The network can avoid the collision of PDSCHs between two CCs.
From procedure wise, the network can indicate UE the location and bandwidth of BWP by using RRC signaling on individual CC. The procedure applies to each CC (serving cell) for intra-band overlapping CA. Thus network can indicate the channel bandwidth for each CC.
Regarding measurement, the normal RRM/RLM measurement and RAN2 procedures can be followed for intra-band overlapping CA from network perspective. For intra-band overlapping CA from UE perspective, the same RRM/RLM measurement and RAN2 procedure including SCell addition/release can apply. As mentioned above the network can make use of the flexibility provided by NR and the proper scheduling to avoid any collision of SSBs and other reference signals between two CCs. Thus there is no impact on RRM/RLM measurement. There is no necessity to restrict the relation between CCs in terms of time or frequency synchronization, QCL.
The only thing needs be done would be to introduce some capability signaling and RRC signaling to enable/disable the intra-band overlapping CA.
· Observation 3: there is no impact on RAN1 and RAN2 of intra-band overlapping CA to support the irregular channel bandwidth except for capability and necessary RRC signaling to enable the overlapping CA.
RF requirements
BS RF requirements
Solution 1
If new channel bandwidth is introduced, further study is needed to evaluate whether the spectrum utilization and other channel bandwidth associated requirements can be parameterized over channel bandwidth.
Solution 2
SU is covered in clause 2.2.
Aggregated BS Channel Bandwidth BWChannel_CA can be reused since the minimum guard band at the edges is the same.
The primary assessment on each BS RF requirement is shown in Table 2.5-1
Table 2.5-1: analysis on the impact to BS core specification
	Subject
	Clause in 36.104
	Requirement
	Assessment

	Transmitter
	6.1
	General
	no change

	
	6.2
	Base station output power
	no change 

	
	6.3.2
	RE Power control dynamic range 
	no change 

	
	6.3.3
	Total power dynamic range
	no impact, no limits defined for CA

	
	6.4
	Transmit ON/OFF power 
	no change

	
	6.5
	Transmitted signal quality
	no change

	
	6.6.1
	Occupied bandwidth
	No change for the requirement

	
	6.6.2
	ACLR
	no change, it is defined for the edge carrier

	
	6.6.3
	Operating band unwanted emissions
	no change, one uniform emission mask is defined and can be reused.

	
	6.6.4
	Transmitter spurious emissions
	no change

	
	6.7
	Transmitter intermodulation
	no change, it is defined for the edge carrier

	Receiver
	7.1
	General
	no change

	
	7.2
	Reference sensitivity level
	no change, reference sensitivity level including FRC can be re-used

	
	7.3
	Dynamic range
	no change, the requirements is defined per channel BW.

	
	7.4
	In-band selectivity and blocking
	no change, it is defined for the edge carrier

	
	7.5
	Out-of-band blocking
	no change

	
	7.6
	Receiver spurious emissions
	no change

	
	7.7
	Receiver intermodulation
	no change, it is defined for the edge carrier

	
	7.8
	In-channel selectivity
	no change, the requirements is defined per channel BW.



Observation 4: if new BS channel bandwidth is introduced, the impact is significant for RF requirements 
If new channel bandwidth is introduced, further study is needed to evaluate whether the spectrum utilization and other channel bandwidth associated requirements can be parameterized over channel bandwidth.

UE RF requirements
Issue: there is not CA bandwidth class defined for aggregated channel bandwidth less than 20 MHz.
Table 5.3A.5-1: NR CA bandwidth classes
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2, 3

	B
	20 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2, 3

	C
	100 MHz < BWChannel_CA ≤ 2 x BWChannel,max
	2
	1, 3

	D
	200 MHz < BWChannel_CA ≤ 3 x BWChannel,max
	3
	

	E
	300 MHz < BWChannel_CA ≤ 4 x BWChannel,max
	4
	

	G
	100 MHz < BWChannel_CA ≤ 150 MHz
	3
	2

	H
	150 MHz < BWChannel_CA ≤ 200 MHz
	4
	

	I
	200 MHz < BWChannel_CA ≤ 250 MHz
	5
	

	J
	250 MHz < BWChannel_CA ≤ 300 MHz
	6
	

	K
	300 MHz < BWChannel_CA ≤ 350 MHz
	7
	

	L
	350 MHz < BWChannel_CA ≤ 400 MHz
	8
	

	M3
	50 MHz < BWChannel_CA ≤ [180] MHz
	3
	3

	N3
	80 MHz < BWChannel_CA ≤ [240] MHz
	4
	

	O3
	100 MHz ≤ BWChannel_CA ≤ [300] MHz
	5
	

	NOTE 1:	BWChannel, max is maximum channel bandwidth supported among all bands in a release
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration that belong to a different fallback group.
NOTE 3:	This bandwidth class is only applicable to bands identified for use with shared spectrum channel access in Table 5.2-1.



	Subject
	Clause in 38.101-1
	Requirement
	Initial assessment

	Transmitter requirements
	6.2A.1
	UE maximum output power for CA
	No change. The same power class is assumed as normal contiguous CA

	
	6.2A.2
	UE maximum output power reduction for CA
	study if MPR for bandwidth class B can be re-used

	
	6.2A.3
	UE additional maximum output power reduction for CA
	FFS on A-MPR

	
	6.2A.4
	Configured output power for CA
	FFS

	
	[bookmark: RANGE!B6]6.3A
	Output power dynamics for CA
	No change.

	
	6.3A.3
	 Transmit ON/OFF time mask for CA
	No change.

	
	6.4A
	Transmit signal quality for CA
	FFS

	
	6.5A
	Output RF spectrum emissions for CA
	FFS

	Receiver requirements
	7.3A.2
	Reference sensitivity power level for CA
	the framework can be reused with that it is measured carrier by carrier.

	
	7.4A
	Maximum input level for CA
	the framework can be reused with that it is measured carrier by carrier.

	
	7.5A
	Adjacent channel selectivity for CA
	the framework can be reused with that it is measured carrier by carrier.

	
	7.6A
	Blocking characteristics for CA
	the framework can be reused with that it is measured carrier by carrier.

	
	7.7A
	Spurious response for CA
	No change 

	
	7.8A
	Intermodulation characteristics for CA
	the framework can be reused whith that it is measured carrier by carrier.

	
	7.9A
	[bookmark: RANGE!C16]Spurious emissions for CA
	No change.



Observation 4: The impact to RF core requirements is very limited to support intra-band overlapping CA for both BS and UE.

Conclusions
In the contribution, we provide discussion on overlapping UE channel bandwidths (from both UE and network perspective):
Observation 1: for channel bandwidths less than 50 MHz, integer-multiples of 5MHz channel bandwidths are supported/will be supported in BS/UE specifications.
Observation 2: In some cases the spectrum utilization of solution 2 is higher than that of solution 1
Observation 3: there is no impact on RAN1 and RAN2 of intra-band overlapping CA to support the irregular channel bandwidth except for capability and necessary RRC signaling to enable the overlapping CA.
Observation 4: The impact to RF core requirements is very limited to support intra-band overlapping CA.
Observation 5: if new BS channel bandwidth is introduced, the impact is significant for RF requirements 

Proposal 1: New dedicated channel bandwidths are not considered for both BS and UE.
Proposal 2: Intra-band overlapping CA is optional support from both UE and network perspective
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