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1. Introduction

With the CA bandwidth class discussion continuing, with current agreements captured in [6], this contribution provides a unified framework for FR1 and FR2 bandwidth class definitions.
2. Discussion
2.1 Background

Agreements from RAN4 #84bis [1]:

	Proposal 1 NR CA bandwidth class shall be with aggregated channel bandwidth and number of contiguous CC(s)

Proposal 2 NR CA BW class A shall be defined with one CC.


The LS on mmWave UE NC CA capability signalling [2]:
	RAN4 has discussed NC CA support for mmWave and has agreed that some UEs may be able to support NC CA only when CC frequency separation is smaller than full width of the operating band and some UEs can support any CC placement. UE should therefore have means to inform network if it has this limitation. 

The followings are the RAN4 preliminary signaling thinking to cover that issue.

Most feasible way for UE to inform network of its NC CA CC frequency separation capability is done from outer edge to the outer edge of the outmost CCs. 

The UE support of NC CA is conditioned on the frequency separation (gap) between the CCs. This capability may be different for UL NC CA and DL NC CA.

RAN4 would also like to note that the MIMO capability for intra-band NC CA may depend on the CC frequency separation supported.


Agreements from RAN4 #85 [3]:
	Agreements

· BW class C is agreed to be 2 CC

· CA acronym is used at least for NW deployments
· RAN4 to hold off NR CCA proposals till CA bandwidth class is clearly defined.
Way Forward
· Companies to study whether a separate CCA acronym is needed from UE side to address different UE architecture.
· From signaling point of view

· From UE RF requirements point of view

· Other possible signaling solutions to address the topic  

· How to define BW Class for Contiguous Intra-band DC

· Study if only one CA bandwidth class table for both new NR bands and LTE re-farmed bands is sufficient.


During the RAN4 AH #1801 meeting, the following agreements were made [6]:

	Way Forward

· Companies are encouraged to study method described in this document 

· Advantage compared to LTE method should be studied

· No other methods are precluded

· Companies to confirm if all channel BWs for denoted bands can be supported in inter-band CA

· How to capture intra-band non-contiguous with maximum CC separation at least for FR2 should be studied
· Information from LS from RAN2 (R4-1801290) and agreement in RP-172832 should be considered


The related LS from RAN2 is provided below [7]:
	1.1
Agreements on the BPC 

RAN2 has agreed on the following in the BPC:

· Keep supportedBW-PerCC as per CC capability. (Value range to wait for RAN4)

· Keep modulationOrder as per CC capability

· Separate supported modulation for DL and UL.

1.2
Questions to RAN1/RAN4 

RAN2 would like to ask RAN1/4 inputs for the following questions related to the remaining parameters in BPC: 

Q1. RAN2 understands that SCS support is separate for UL and DL and is dependent on the operating RF band, so does RAN4/1 view that the baseband processing capabilities in the BPC table depend on SCS used? If so, RAN2 has further questions as below:
Q1.1: Does RAN4 see a need to signal the SCS capability per CC in the BPC?
Q1.2: Does RAN4 see a need to signal the SCS capability separately for UL and DL in the BPC? 

Q2. What should be value ranges for supportedBW-PerCC which is reported per CC in BPC? 

According to RP-172832, RAN2 is also tasked to introduce signalling support for channel bandwidths as the following:

· Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports 
· UE shall support any Rel-15 channel bandwidth as defined in 38.101-1 v15.0.0 that is smaller than its UE supported maximum channel bandwidth

RAN2 plan to implement according to the RAN plenary agreement unless RAN4 indicates otherwise.

With regards to the above, RAN2 wold like to ask RAN4:

Q3. How does RAN4 intend to define the carrier bandwidth and the number of aggregated intra-frequency carriers? Is that supposed to be done by the bandwidth class (as in LTE) or by other means?

Q4. What is the relationship between the carrier bandwidth of aggregated carriers and the maximum channel bandwidth supported by the UE?


The agreement from RAN #78 in [8] is provided below:

	Signaling Support for Channel Bandwidths

· RAN2 should introduce the signaling support for channel bandwidths as following:

· Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports

· UE shall support any Rel-15 channel bandwidth as defined in 38.101-1 v15.0.0 that is smaller than its UE supported maximum channel bandwidth

· RAN2 shall consider that new maximum channel bandwidths could be added in the future and signaling should be forward compatible

· RAN2 should consider that new channel bandwidths(lower than maximum defined for the band) could be added in the future and signaling should be forward compatible

Mandatory Channel BW

· For all NR bands below 6 GHz, all bandwidths listed in TS 38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC.

· Channel bandwidths added in future versions will be discussed separately

· In the future UE type(s) supporting different mandatory channel bandwidth(s) could be introduced


2.2 General approach for FR1 and FR2

In general, we aim to define the CA BW classes separately for intra-band contiguous (IBC), intra-band non-contiguous (IBNC), and inter-band (XB) such that the class definition covers the most common combinations of CC and CBW parameters.  However, recognizing that the number of CBW possibilities in NR is quite high, the agreement to explicitly capture the applicable CC and CBW parameters in the specification [6] allows for a degree of flexibility.  In order to maintain the signaling at a reasonable level, the concept of bandwidth combination classes (BCS) is necessary.

The definitions of the IBC/IBNC/XB classes are derived as a function of the number of CCs and the aggregated bandwidth (ABW) in the combination.  For any combination with N CCs, N possible ABW options are proposed: ABW <= max CBW, max CBW < ABW <= 2*(max CBW), and so on.  Such a granularity can systematically address most potential implementation choices when mapped to different bandwidth class sets.  In addition, it should also be possible to define an exceptional set of CC and CBW parameters and assign it a different BCS.
Thus, for each band and each class we define a bandwidth class set (BCS), such that

· BCS 1 represents the most commonly expected CC & CBW parameters per combination per band

· BCS 2 represents less common CC & CBW parameters per combination

· Etc.

2.3 FR1 CA BW Class
The proposed intra-band contiguous CA BW classes for FR1 are shown in Table 1 below.
Table 1: Proposed intra-band contiguous (IBC) CA BW classes

	IBC Class
	Num CCs
	Agg BW (ABW)

	C(2,100)
	2
	ABW <= 100

	C(2,200)
	2
	100 < ABW <= 200

	C(3,100)
	3
	ABW <= 100

	C(3,200)
	3
	100 < ABW <= 200

	C(3,300)
	3
	100 < ABW <= 300

	C(4,100)
	4
	ABW <= 100

	C(4,200)
	4
	100 < ABW <= 200

	C(4,300)
	4
	100 < ABW <= 300

	C(4,400)
	4
	300 < ABW <= 400

	Example: X_C(2,200)


An example of how a CA band table for the intra-band contiguous combinations may look like is provided in Table 2 below.
Table 2: Example with intra-band contiguous bandwidth class sets

	CA band
	IBC Class
	CC & CBW parameters
	BCS

	X
	C(2,100)
	All
	1

	X
	C(2,200)
	All
	2

	X
	C(3,100)
	All
	1

	X
	C(3,200)
	All
	2

	X
	C(3,300)
	All
	3

	n79
	C(2,100)
	All
	1

	n79
	C(2,200)
	All
	2

	n79
	C(2,200)
	A(50,60); (50,100); (80,100); (100,100)
	3


The intra-band non-contiguous CA BW classes for FR1 are proposed in Table 3 below.
Table 3: Proposed intra-band non-contiguous (IBNC) CA BW classes

	IBNC Class
	Num CCs
	Agg BW (ABW)

	NC(2,100)
	2
	ABW <= 100

	NC(2,200)
	2
	100 < ABW <= 200

	NC(3,100)
	3
	ABW <= 100

	NC(3,200)
	3
	100 < ABW <= 200

	NC(3,300)
	3
	100 < ABW <= 300

	NC(4,100)
	4
	ABW <= 100

	NC(4,200)
	4
	100 < ABW <= 200

	NC(4,300)
	4
	200 < ABW <= 300

	NC(4,400)
	4
	300 < ABW <= 400

	Example: X_NC(2,200)


An example of how a CA band table for the intra-band non-contiguous combinations may look like is provided in Table 4 below.

Table 4: Example with intra-band non-contiguous bandwidth class sets

	CA band
	IBNC Class
	CC & CBW parameters
	BCS

	X
	NC(2,100)
	All
	1

	X
	NC(2,200)
	All
	2

	X
	NC(3,100)
	All
	1

	X
	NC(3,200)
	All
	2

	X
	NC(3,300)
	All
	3


The inter-band CA BW classes for FR1+FR1 combinations are proposed in Table 5 below.

Table 5: Proposed inter-band (XB) CA BW classes

	IB Class
	Num CCs
	Agg BW (ABW)

	XB (2,100)
	2
	ABW <= 100

	XB (2,200)
	2
	100 < ABW <= 200

	XB (3,100)
	3
	ABW <= 100

	XB (3,200)
	3
	100 < ABW <= 200

	XB (3,300)
	3
	200 < ABW <= 300

	XB (4,100)
	4
	ABW <= 100

	XB (4,200)
	4
	100 < ABW <= 200

	XB (4,300)
	4
	200 < ABW <= 300

	XB (4,400)
	4
	300 < ABW <= 400

	Example: X_Y_XB(2,200)


An example of how a CA band table for the inter-band combinations may look like is provided in Table 4 below.
Table 6: Example with inter-band bandwidth class sets

	CA bands
	IBC Class
	CC & CBW parameters
	BCS

	X, Y
	XB(2,100)
	All
	1

	X, Y
	XB(2,200)
	All
	2

	X, Y, Z
	XB(3,100)
	All
	1

	X, Y, Z
	XB(3,200)
	All
	2

	X, Y, Z
	XB(3,300)
	All
	3

	n77, n78
	XB(2,100)
	All
	1

	n77, n78
	XB(2,200)
	(50,60); (50,80); (60,60); (60,80); (80,80); (50,100)
	2

	n77, n78
	XB(2,200)
	All
	3


Proposal 1: For FR1 band combinations it is proposed to consider the scheme of IBC/IBNC/XB together with BCS as described in Tables 1 through 6.
Proposal 2: It is proposed to introduce UE capabilities for UL CA and DL CA support separately.  In Rel-15 UL CA for FR1 is not supported.
2.4 FR2 CA BW Class

The proposed intra-band contiguous CA BW classes for FR2 are shown in Table 7 below.

Table 7: Proposed intra-band contiguous (IBC) CA BW classes

	IBC Class
	Num CCs
	Agg BW (ABW)

	C(2,400)
	2
	ABW <= 400

	C(2,800)
	2
	400 < ABW <= 800

	C(3,400)
	3
	ABW <= 400

	C(3,800)
	3
	400 < ABW <= 800

	C(3,1200)
	3
	800 < ABW <= 1200

	C(4,400)
	4
	ABW <= 400

	C(4,800)
	4
	400 < ABW <= 800

	C(4,1200)
	4
	800 < ABW <= 1200

	C(4,1600)
	4
	1200 < ABW <= 1600

	Example: X_C(2,400)


An example of how a CA band table for the intra-band contiguous combinations may look like is provided in Table 8 below.

Table 8: Example with intra-band contiguous bandwidth class sets

	CA band
	IBC Class
	CC & CBW parameters
	BCS

	X
	C(2,100)
	All
	1

	X
	C(2,200)
	All
	2


Proposal 3: For FR2 intra-band contiguous CA combinations, it is proposed to adopt the framework outlined in Tables 7 and 8.

Based on discussion of the proposal in [5], for FR2 non-contiguous combinations there exists a UE capability which determines the maximum frequency span (outer edge to outer edge) of the combination.  Based on our understanding of industry needs and optimized UE capabilities, we propose to consider two values for such a span:  800 MHz and 1400 MHz.
Proposal 4: For FR2 it is proposed to consider two values for maximum frequency span (outer edge to outer edge) of the non-contiguous combinations:  800 MHz and 1400 MHz.
It is still not clear whether the consensus in RAN4 aligns with the proposals to make the intra-band non-contiguous frequency span part of the CA BW class definition or not.  Thus, we continue to provide two options.
Option 1: The intra-band non-contiguous CA BW classes are defined together with the frequency span parameter as shown in Table 3 below.
Table 3: Proposed intra-band non-contiguous (IBNC) CA BW classes

	IBNC Class
	Num CCs
	Agg BW (ABW)

	NC(2,400)_S(800 or 1400)
	2
	ABW <= 400

	NC(2,800)_S(800 or 1400)
	2
	400 < ABW <= 800

	NC(3,400)_S(800 or 1400)
	3
	ABW <= 400

	NC(3,800)_S(800 or 1400)
	3
	400 < ABW <= 800

	NC(3,1200)_S(1400)
	3
	800 < ABW <= 1200

	NC(4,400)_S(800 or 1400)
	4
	ABW <= 400

	NC(4,800)_S(800 or 1400)
	4
	400 < ABW <= 800

	NC(4,1200)_S(1400)
	4
	800 < ABW <= 1200

	NC(4,1600)
	4
	1200 < ABW <= 1600

	NC(5,400)_ (800 or 1400)
	5
	ABW <= 400

	NC(5,800)_ (800 or 1400)
	5
	400 < ABW <= 800

	NC(5,1200)_S(1400)
	5
	800 < ABW <= 1200

	NC(5,1600)
	5
	1200 < ABW <= 1600

	NC(5,2000)
	5
	1600 < ABW <= 2000

	NC(6,400)_S(800 or 1400)
	5
	ABW <= 400

	NC(6,800)_S(800 or 1400)
	5
	400 < ABW <= 800

	NC(6,1200)_S(1400)
	5
	800 < ABW <= 1200

	NC(6,1600)
	5
	1200 < ABW <= 1600

	NC(6,2000)
	5
	1600 < ABW <= 2000

	NC(6,2400)
	5
	2000 < ABW <= 2400

	NC(7,400)_S(800 or 1400)
	5
	ABW <= 400

	NC(7,800)_S(800 or 1400)
	5
	400 < ABW <= 800

	NC(7,1200)_S(1400)
	5
	800 < ABW <= 1200

	NC(7,1600)
	5
	1200 < ABW <= 1600

	NC(7,2000)
	5
	1600 < ABW <= 2000

	NC(7,2400)
	5
	2000 < ABW <= 2400

	NC(7,3000)
	5
	2400 < ABW <= 3000

	NC(8,400)_S(800 or 1400)
	5
	ABW <= 400

	NC(8,800)_S(800 or 1400)
	5
	400 < ABW <= 800

	NC(8,1200)_S(1400)
	5
	800 < ABW <= 1200

	NC(8,1600)
	5
	1200 < ABW <= 1600

	NC(8,2000)
	5
	1600 < ABW <= 2000

	NC(8,2400)
	5
	2000 < ABW <= 2400

	NC(8,3000)
	5
	2400 < ABW <= 3000

	NC(8,3400)
	5
	3000 < ABW <= 3400

	Example: X_NC(8,1200)_S(1400)
NOTE: Combinations which are not currently feasible are greyed out


Option 2: The intra-band non-contiguous CA BW classes are defined without the frequency span parameter (i.e. as shown in Table 3 above without the “_S()” suffix, and the frequency span parameter is signaled to the network as a UE capability.
Proposal 5: It is proposed to adopt Option 1 in the interest of reducing signalling overhead.
An example of how a CA band table for the intra-band non-contiguous combinations may look like is provided in Table 4 below.

Table 4: Example with intra-band non-contiguous bandwidth class sets

	CA band
	IBNC Class
	CC & CBW parameters
	BCS

	X
	NC(8,400)_S(800)
	All
	1

	X
	NC(8,800)_S(800)
	All
	1

	X
	NC(8,400)_S(1400)
	All
	2

	X
	NC(8,800)_S(1400)
	All
	2

	X
	NC(8,1200)_S(1400)
	All
	3


Proposal 6: No inter-band FR2 + FR2 combinations are under discussion in Rel-15.  Thus, it is proposed to postpone any definitions of FR2 + FR2 inter-band CA BW classes until a later release.
Regarding FR1 + FR2 inter-band combinations, further discussion is necessary to identify optimal definitions of such combinations.  It is recommended to align on frequency-range specific (and exclusive) CA combination terminology frameworks and then to seek how the FR1 + FR2 approach can be defined.
Proposal 7: Further discussion is necessary to define the CA BW class definitions for FR1 + FR2 combinations.

3. Conclusions
This contribution has provided a unified framework for FR1 and FR2 bandwidth class definitions and has made the following proposals:

Proposal 1: For FR1 band combinations it is proposed to consider the scheme of IBC/IBNC/XB together with BCS as described in Tables 1 through 6.

Proposal 2: It is proposed to introduce UE capabilities for UL CA and DL CA support separately.  In Rel-15 UL CA for FR1 is not supported.
Proposal 3: For FR2 intra-band contiguous CA combinations, it is proposed to adopt the framework outlined in Tables 7 and 8.

Proposal 4: For FR2 it is proposed to consider two values for maximum frequency span (outer edge to outer edge) of the non-contiguous combinations:  800 MHz and 1400 MHz.

Proposal 5: It is proposed to adopt Option 1 in the interest of reducing signalling overhead.

Proposal 6: No inter-band FR2 + FR2 combinations are under discussion in Rel-15.  Thus, it is proposed to postpone any definitions of FR2 + FR2 inter-band CA BW classes until a later release.

Proposal 7: Further discussion is necessary to define the CA BW class definitions for FR1 + FR2 combinations.
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