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1. Introduction
In RAN4#103-e system parameters for single carrier operation in FR2-2 were agreed together with agreement to aim to complete intra-band contiguous DL CA and introduce the requirements to Rel-17. In this contribution system parameters for intra-band contiguous DL CA in FR2-2 are discussed.
2. Discussion
[bookmark: _Hlk54351566]In RAN4#103 the following agreement was reached:
Agreement: RAN4 aims to complete the common RF requirements for intra-band downlink contiguous CA in the maintenance part, and introduce the downlink intra-band contiguous CA of CA_n263 in a release independement manner after the common RF requirement is finalized.
In this contribution we concentrate on how to define the system parameters for intra-band contiguous DL CA in FR2-2.
It is straightforward to analyze UE RF and BS RF requirement specifications to see which parts are impacted by CA operation, as CA requirements are typically separated by suffix A. The impacted sections in BS RF specification 38.104 include clauses:
· 5.3A BS channel bandwidth for CA
· 5.4.1 Channel spacing
In UE RF specification there are more clauses to be checked:
· 5.2A Operating bands for CA
· 5.3A UE channel bandwidth for CA
· 5.4A Channel arrangement for CA
· 5.5A Configurations for CA
In the following the required changes to these clauses are discussed, starting with the BS specification.
2.1 BS channel bandwidth for CA
In TS 38.104 BS channel bandwidth for CA is defined using the distance from center of lowest/highest carrier transmission bandwidth configuration to low/high channel edge. Then the frequency separation between these two points sets the BS channel bandwidth for CA. This is illustrated in Figure below, which is directly copied from TS 38.104.
[image: ]
Figure 5.3A.2-1: Definition of Aggregated BS Channel Bandwidth for intra-band carrier aggregation
As transmission bandwidth configuration and guardbands have been defined for all channel bandwidths in FR2-2, the same procedure is applicable also in FR2-2 and no changes to this clause is needed.
Observation 1: No changes are needed to clause 5.3A BS channel bandwidth for CA in TS 38.104.
However, it should be noted that the definition of BS CA channel bandwidth assumes that the channel spacing between carriers is the same or less than nominal channel spacing for CA.
2.2 Channel spacing
Currently channel spacing has been defined both for adjacent NR carriers, i.e. adjacent carriers which are not configured as CA, and separately for channel spacing for CA. RF Channel raster design in FR2-2 differs from FR1 and FR2-1, as the basic building block within FR2-2 is 100.8 MHz spacing. Notably, the spacing is wider than the narrowest channel bandwidth which is 100 MHz. However, to enable contiguous DL CA, it is necessary to consider that when the next carrier is centred at closest available RF channel raster point which is at n*100.8 MHz (n is integer) distance from the the initial carrier, the configuration is considered to be contiguous CA.
As the raster points are 100.8 MHz apart, the nominal channel spacing needs to be identical for both for adjacent NR carriers as well as CA. Otherwise, the gap between carriers would be excessive to be considered to be “adjacent” or “contiguous”. As a summary, two rules can be identified to define nominal spacing for adjacent carriers and CA.
1) Channel centers are integer multiple of 100.8 MHz apart.
2) Channels are centered at closest available RF raster point with no overlap between carriers.
Observation 2: Nominal channel spacing for adjacent carriers and nominal spacing for CA are the same in FR2-2
The question remains whether it is sufficient to specify only the rules, or are some formulas or further information needed in specification. In our view the rules should be sufficient, as otherwise defining the RF channel raster points which should be used for cases between where adjacent channel have different channel bandwidth become complex. An example of specification impact using the rules above is shown below
< Specification impact using the identified rules for channel spacing >
[bookmark: _Toc21127437][bookmark: _Toc29811643][bookmark: _Toc36817195][bookmark: _Toc37260111][bookmark: _Toc37267499][bookmark: _Toc44712101][bookmark: _Toc45893414][bookmark: _Toc53178141][bookmark: _Toc53178592][bookmark: _Toc61178818][bookmark: _Toc61179288][bookmark: _Toc67916584][bookmark: _Toc74663182][bookmark: _Toc82621722][bookmark: _Toc90422569][bookmark: _Toc106782762][bookmark: _Toc107311653][bookmark: _Toc107419237][bookmark: _Toc107474864]5.4.1.1	Channel spacing for adjacent NR carriers
The spacing between carriers will depend on the deployment scenario, the size of the frequency block available and the BS channel bandwidths. The nominal channel spacing between two adjacent NR carriers is defined as following:
-	For NR FR1 operating bands with 100 kHz channel raster,
▪	Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2
-	For NR FR1 operating bands with 15 kHz channel raster,
▪	Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 + {-5 kHz, 0 kHz, 5 kHz} for ∆FRaster equals to 15 kHz
▪	Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 + {-10 kHz, 0 kHz, 10 kHz} for ∆FRaster equals to 30 kHz
-	For NR FR2-1 operating bands with 60 kHz channel raster,
▪	Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 + {-20 kHz, 0 kHz, 20 kHz} for ∆FRaster equals to 60 kHz
▪	Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 + {-40 kHz, 0 kHz, 40 kHz} for ∆FRaster equals to 120 kHz
-	For NR FR2-2 operating bands,
· Nominal Channel spacing is obtained when BWChannel(1) and BWChannel(2) are centred integer multiple of 100.8 MHz apart, and
· Closest available RF channel raster point is used without overlap between BWChannel(1) and BWChannel(2)
where BWChannel(1) and BWChannel(2) are the BS channel bandwidths of the two respective NR carriers. The channel spacing can be adjusted depending on the channel raster to optimize performance in a particular deployment scenario.
[bookmark: _Toc21127438][bookmark: _Toc29811644][bookmark: _Toc36817196][bookmark: _Toc37260112][bookmark: _Toc37267500][bookmark: _Toc44712102][bookmark: _Toc45893415][bookmark: _Toc53178142][bookmark: _Toc53178593][bookmark: _Toc61178819][bookmark: _Toc61179289][bookmark: _Toc67916585][bookmark: _Toc74663183][bookmark: _Toc82621723][bookmark: _Toc90422570][bookmark: _Toc106782763][bookmark: _Toc107311654][bookmark: _Toc107419238][bookmark: _Toc107474865]5.4.1.2	Channel spacing for CA
For intra-band contiguously aggregated carriers, the channel spacing between adjacent component carriers shall be multiple of least common multiple of channel raster and sub-carrier spacing.
The nominal channel spacing between two adjacent aggregated NR carriers is defined as follows:
For NR operating bands with 100 kHz channel raster:
	
For NR operating bands with 15 kHz channel raster:
	
with
	
For NR operating bands with 60kHz channel raster:
	
with
	
For NR FR2-2 operating bands,
· Nominal Channel spacing is obtained when BWChannel(1) and BWChannel(2) are centred integer multiple of 100.8 MHz apart, and
· Closest available RF channel raster point is used without overlap between BWChannel(1) and BWChannel(2)
where BWChannel(1) and BWChannel(2) are the BS channel bandwidths of the two respective NR component carriers according to Table 5.3.2-1, and 5.3.2-2 and 5.3.5-3 with values in MHz, the largest  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 Table 5.3.5-2 and GBChannel(i) the minimum guard band for channel bandwidth i according to Table 5.3.3-1 and Table 5.3.3-2 for the said  value, with  as defined in TS 38.211 [9]. In case there is no common μ value for both of the channel bandwidths, μ0=1 is selected for NR operating bands with 15 kHz channel raster 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[9].
[bookmark: _Toc21127439]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 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.
[bookmark: _Toc29811645][bookmark: _Toc36817197][bookmark: _Toc37260113][bookmark: _Toc37267501][bookmark: _Toc44712103][bookmark: _Toc45893416][bookmark: _Toc53178143][bookmark: _Toc53178594][bookmark: _Toc61178820][bookmark: _Toc61179290][bookmark: _Toc67916586][bookmark: _Toc74663184][bookmark: _Toc82621724][bookmark: _Toc90422571][bookmark: _Toc106782764][bookmark: _Toc107311655][bookmark: _Toc107419239][bookmark: _Toc107474866]5.4.2	Channel raster
< End of specification impact using the identified rules for channel spacing >
Proposal 1: Specify channel spacing for adjacent NR carriers and channel spacing for CA using the following rules:
1) Channel centers are integer multiple of 100.8 MHz apart and
2) Channels are centered at closest available RF raster point with no overlap between carriers.

2.3 Operating bands for CA
UE RF specification 38.101-2 clause 5.2A captures the operating bands for CA. The required change in this clause is straightforward as only CA_n263 needs to be added to the table together with a note clarifying that only contiguous CA is applicable for this band. The required change is shown below.
Table 5.2A.1-1: Intra-band contiguous and non-contiguous CA operating bands in FR2
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n257
	n257

	CA_n258
	n258

	CA_n259
	n259

	CA_n260
	n260

	CA_n261
	n261

	CA_n263 (Note)
	n263 

	NOTE: Only contiguous CA is applicable for this operating band.



Proposal 2: Add NR CA band CA_n263 to table 5-2A.1-1 in TS 38.101-2 together with a note clarifying that only contiguous CA is applicable for this band.
2.4 UE channel bandwidth for CA
UE channel bandwidth for CA covers clauses for defining the aggregated channel bandwidth and defining the CA bandwidth classes. Similarly as in BS specification, no changes are needed for definition of the aggregated channel bandwidth.
Currently defined CA bandwidth classes are arranged in five different fallback groups. The relevant difference between fallback groups is maximum support component carrier bandwidth. Due to this, currently defined fallback groups and bandwidth classes consider only channel bandwidths up to 400 MHz. Within fallback group 1 with maximum channel bandwidth of 400 MHz, maximum aggregated channel bandwidth extends to 1200 MHz with 3 contiguous component carriers. Therefore, the changed required for bandwidth classes depend large on which channel bandwidths and how wide CA combinations need to be supported.
It has been discussed earlier in RAN4, that could be sufficient to cover in Rel-17 only cases for n*100 MHz and m*400 MHz. For n*100 MHz, fallback group 3 covers cases from 100 to 800 MHz, with use of up to 8 contiguous component carriers. This should be sufficient, as it reasonable to use wider component carrier bandwidth if more spectrum needs to be covered.
Proposal 3: In Rel-17 only support for n*100 MHz and m*400 MHz contiguous CA is specified. 
Proposal 4: No new bandwidth classes are specified for n*100 MHz
Observation 3: CA bandwidth classes G, H, I, J, K, L, and M belonging to fallback group 3 are sufficient to cover 8x100 MHz CA.
For m*400 MHz, it would be reasonable to extend the CA support up to 2000 MHz, i.e. to correspond to widest single carrier bandwidth. To do this, to new NR CA bandwidth classes are needed within fallback group one. Additionally, the new bandwidth classes should be made applicable only for FR2-2.
Proposal 5: Two new bandwidth classes are specified and placed within fallback group 1 to cover 4*400 MHz and 5*400 MHz. These new bandwidth classes are applicable only for FR2-2.
Please note that the intention of the changes is not to impact earlier agreements on bandwidth classes. Therefore, there is a clarification in note 3 to limit the note to apply for FR2-1. 
The required changes are illustrated below.
Table 5.3A.4-1: CA bandwidth classes
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	1,2,3,4,5

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	V (Note 4)
	1200 MHz < BWChannel_CA ≤ 1600 MHz
	4
	

	W (Note 4)
	1600 MHz < BWChannel_CA ≤ 2000 MHz
	5
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	R
	800 MHz < BWChannel_CA ≤ 1000 MHz
	5
	

	S
	1000 MHz < BWChannel_CA ≤ 1200 MHz
	6
	

	T
	1200 MHz < BWChannel_CA ≤ 1400 MHz
	7
	

	U
	1400 MHz < BWChannel_CA ≤ 1600 MHz
	8
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	4
	

	R2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5

	R3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	R4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	R5
	500 MHz ≤ BWChannel_CA ≤ 1000 MHz
	5
	

	R6
	600 MHz ≤ BWChannel_CA ≤ 1200 MHz
	6
	

	R7
	700 MHz ≤ BWChannel_CA ≤ 1400 MHz
	7
	

	R8
	800 MHz ≤ BWChannel_CA ≤ 1600 MHz
	8
	

	R9
	900 MHz ≤ BWChannel_CA ≤ 1800 MHz
	9
	

	R10
	1000 MHz ≤ BWChannel_CA ≤ 2000 MHz
	10
	

	R11
	1100 MHz ≤ BWChannel_CA ≤ 2200 MHz
	11
	

	R12
	1200 MHz ≤ BWChannel_CA ≤ 2400 MHz
	12
	

	NOTE 1:	Maximum supported component carrier bandwidths for fallback groups 1, 2, 3, 4 and 5 are 400 MHz, 200 MHz, 100 MHz, 100 MHz and 200 MHz respectively except for CA bandwidth class A. For CA bandwidth classes of fallback group 5, requirements apply for non-interlaced 100 MHz and 200 MHz channel bandwidths (each CA bandwidth class consisting of up to two contiguous sub-blocks each with component carriers of a single channel bandwidth).
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.
NOTE 3:	In this release of the specification, the minimum requirements for intra-band contiguous CA configurations apply for aggregated channel bandwidths up to 1600 MHz for FR2-1 (this note is not relevant for UE capability parsing by the network).
NOTE 4:   In this release of the specification, this bandwidth class is applicable only for operating bands within FR2-2.




2.5 Channel arrangement for CA
Channel arrangement for CA includes the clause for channel spacing for CA. The changes to channel spacing for CA are the same as illustrated for BS specification earlier.
Proposal 6: Align channel spacing for CA for FR2-2 between TS 38.104 and TS 38.101-2.

2.6 Configurations for CA
At least one example CA configuration should be included in the specification as otherwise system parameters for CA are not complete. Introduction of CA configurations should be based on the need and requests of network operators. However, for FR2-2 the only specified operating band n263 is meant for unlicensed operation and therefore there may be also not so traditional network operators. For this reasons we suggest to include configurations up to 5*400 MHz and 8*100MHz. It is also clarified in the CA configuration table, that within FR2-2 only multiples of the same bandwidth is allowed in the current release of the specification.
Proposal 7: Include CA configurations up to 5*400 MHz and 8*100 MHz.
Proposal 8: Include a note in CA configuration table to clarify that only multiples of the same channel bandwidth are allowed for FR2-2.
The specification impact is illustrated below. Existing CA configurations from FR2-1 have been removed from the table to save space.
[bookmark: _Toc21340752][bookmark: _Toc29805199][bookmark: _Toc36456408][bookmark: _Toc36469506][bookmark: _Toc37253915][bookmark: _Toc37322772][bookmark: _Toc37324178][bookmark: _Toc45889701][bookmark: _Toc52196355][bookmark: _Toc52197335][bookmark: _Toc53173058][bookmark: _Toc53173427][bookmark: _Toc61119416][bookmark: _Toc61119798][bookmark: _Toc67925844][bookmark: _Toc75273482][bookmark: _Toc76510382][bookmark: _Toc83129535][bookmark: _Toc90591068][bookmark: _Toc98864090][bookmark: _Toc99733339][bookmark: _Toc106577230]5.5A.1	Configurations for intra-band contiguous CA
Table 5.5A.1-1: NR CA configurations, bandwidth combination sets, and fallback group defined for intra-band contiguous CA
	[bookmark: _Hlk511814538]NR CA configuration / Bandwidth combination set / Fallback group

	NR CA configuration
	Uplink CA configurations
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	Maximum aggregated
BW (MHz)
	BCS
	Fallback group

	CA_n263B
	CA_n263A
	400
	400
	
	
	
	
	
	
	800
	0
	1

	CA_n263C
	CA_n263A
	400
	400
	400
	
	
	
	
	
	1200
	0
	1

	CA_n263V
	CA_n263A
	400
	400
	400
	400
	
	
	
	
	1600
	0
	1

	CA_n263W
	CA_n263A
	400
	400
	400
	400
	400
	
	
	
	2000
	0
	1

	CA_n263G
	CA_n263A
	100
	100
	
	
	
	
	
	
	200
	0
	3

	CA_n263H
	CA_n263A
	100
	100
	100
	
	
	
	
	
	300
	0
	3

	CA_n263I
	CA_n263A
	100
	100
	100
	100
	
	
	
	
	400
	0
	3

	CA_n263J
	CA_n263A
	100
	100
	100
	100
	100
	
	
	
	500
	0
	3

	CA_n263K
	CA_n263A
	100
	100
	100
	100
	100
	100
	
	
	600
	0
	3

	CA_n263L
	CA_n263A
	100
	100
	100
	100
	100
	100
	100
	
	700
	0
	3

	CA_n263M
	CA_n263A
	100
	100
	100
	100
	100
	100
	100
	100
	800
	0
	3

	NOTE 1:	Void
NOTE 2:	For the NR CA configuration with more than two component carries, the bandwidths in a BCS which may introduce combinations more than requested unintentionally should be listed in a row separately.
NOTE 3:   In this release of the specification, contiguous DL CA configurations within FR2-2 may only contain multiples of the same channel bandwidth. 



[bookmark: _Toc21340753][bookmark: _Toc29805200][bookmark: _Toc36456409][bookmark: _Toc36469507][bookmark: _Toc37253916][bookmark: _Toc37322773][bookmark: _Toc37324179][bookmark: _Toc45889702][bookmark: _Toc52196356][bookmark: _Toc52197336][bookmark: _Toc53173059][bookmark: _Toc53173428][bookmark: _Toc61119417][bookmark: _Toc61119799][bookmark: _Toc67925845][bookmark: _Toc75273483][bookmark: _Toc76510383][bookmark: _Toc83129536][bookmark: _Toc90591069][bookmark: _Toc98864091][bookmark: _Toc99733340][bookmark: _Toc106577231]5.5A.2	Configurations for intra-band non-contiguous CA

3. Conclusion
In this contribution, we have discussed system parameters for contiguous DL CA in FR2-2. We have made following observations and proposals:
Observation 1: No changes are needed to clause 5.3A BS channel bandwidth for CA in TS 38.104.
Observation 2: Nominal channel spacing for adjacent carriers and nominal spacing for CA are the same in FR2-2
Proposal 1: Specify channel spacing for adjacent NR carriers and channel spacing for CA using the following rules:
1) Channel centers are integer multiple of 100.8 MHz apart and
2) Channels are centered at closest available RF raster point with no overlap between carriers.
Proposal 2: Add NR CA band CA_n263 to table 5-2A.1-1 in TS 38.101-2 together with a note clarifying that only contiguous CA is applicable for this band.
Proposal 3: In Rel-17 only support for n*100 MHz and m*400 MHz contiguous CA is specified. 
Proposal 4: No new bandwidth classes are specified for n*100 MHz
Observation 3: CA bandwidth classes G, H, I, J, K, L, and M belonging to fallback group 3 are sufficient to cover 8x100 MHz CA.
Proposal 5: Two new bandwidth classes are specified and placed within fallback group 1 to cover 4*400 MHz and 5*400 MHz. These new bandwidth classes are applicable only for FR2-2.
Proposal 6: Align channel spacing for CA for FR2-2 between TS 38.104 and TS 38.101-2.
Proposal 7: Include CA configurations up to 5*400 MHz and 8*100 MHz.
Proposal 8: Include a note in CA configuration table to clarify that only multiples of the same channel bandwidth are allowed for FR2-2.
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