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1
Introduction
This contribution contains a text proposal on the nominal guard band for CA bandwidth Class B, which is needed for the Band 27 intra-band carrier aggregation combinations. The nominal guard bands should include the DC subcarrier that is included (but not sent) in the downlink. The aggregation of small carriers will reduce the carrier spacing such that the gap between the carriers becomes 300 kHz in the uplink, but the DC subcarrier will further reduce the gap below one 300 kHz grid point in the downlink. For the bandwidth combinations considered for CA Bandwidth Class C, the DC subcarrier has not made significant difference. 
This modification of the nominal guard bands should also be made for the other bandwidth classes, but in the text proposal we limit the changes to those relevant for Class B.

2
Guard bands including the DC subcarrier
Following the principle adopted for Class C, the nominal guard band for Class B should be

(2.1)
max(1BWChannel(1),2BWChannel(2))

with j = 0.16/1.4 for the 1.4 MHz bandwidth and j = 0.05 for the larger bandwidths; this in order to obtain a symmetrical guard band in the uplink in case the carrier bandwidths are unequal. In the downlink, an additional grid point is punctured into the subcarrier grid for accommodating the DC in the baseband (not sent). This means that the guard band for the downlink should be modified to

(2.2)
max(1BWChannel(1),2BWChannel(2)) – 0.5f 

where f is the subcarrier spacing. This change will not affect the nominal carrier spacing that is still given by
(2.3)
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the additional term in (2.2) vanish since we consider the difference between the guard bands of each component carrier. Now, for Class B, it has been agreed that the aggregate bandwidth should be larger than or equal to 5 MHz whence (2.2) reduce to
(2.4)
0.05 max(BWChannel(1),BWChannel(2)) – 0.5f, 

and the standard Class C equation for the nominal carrier spacing will yield the same result as (2.3) on the 300kHz raster.

Does the additional term in (2.2) make a difference? Consider the 10 MHz + 1.4 MHz combination as an example. The nominal carrier spacing is FCS = 5.1 MHz according to (2.3). The aggregated channel bandwidth for the UE is
(2.5)
BWagg,UE = FCS + 0.5BWChannel(1) + 0.5BWChannel(2) + | BWGB(1) - BWGB(2) | = 11.14 MHz
using (2.1) to obtain the guard bands, while for the Base Station
(2.6)
BWagg,BS = FCS + 0.5BWChannel(1) + 0.5BWChannel(2) = 10.8 MHz.

The aggregated bandwidth is thus different for the BS and UE and does not depend on the additional DC subcarrier. However, the frequency gap between the carriers in the downlink is 
(2.7)
Fgap,DL = FCS – 0.5(0.18NRB,10MHz + f) – 0.5(0.18NRB,1.4MHz + f) = 285 kHz

while Fgap,UL = 300kHz in the uplink. In general, we can write 
(2.8)
Fgap = FCS – 0.5(BWChannel(1) – BWGB(1) ) – 0.5(BWChannel(2) – BWGB(2) ),
where the guard band is given by (2.1) and (2.2) for the uplink and downlink, respectively. Now, without account of the DC subcarrier, the frequency gap would also appear as 300 kHz in the downlink, and one might consider reducing the frequency spacing a given by (2.3) by another 300 kHz. However, this is not possible without overlap between the component carriers since the actual spacing is 285 kHz. This should also be obtained by using the definitions in the specification so a modification is justified, even though BWGB is actually not used in 36.101 except in Clause 5.
For CA_27B, and Class B in general, fall-back operation to non-CA on carriers with a bandwidth of 1.4 MHz can occur, which is not the case for the Class C intra-band combinations specified to date. This operation requires CA Bandwidth Class A capability for 1.4 MHz, which would be indicated in RRC signaling. This also necessitates a change in the guard-band definition for Class A to account for the 1.4 MHz bandwidth.

The definition of CA Bandwidth Class B and the necessary modification for Class A are shown in Table 5.3-1 along with that of the other classes (the same modification should be made for Class C).
Table 5.3-1: CA bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	a1BWChannel(1) - 0.5f1 (NOTE 2)

	B
	25 < NRB,agg ≤ 100
	2
	0.05 max(BWChannel(1),BWChannel(2)) - 0.5f1

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	NOTE 1:
BWChannel(1) and BWChannel(2) are channel bandwidths of two E-UTRA component carriers according to Table 5.6-1 and f1 = f for the downlink with f the subcarrier spacing while f1 = 0 for the uplink.
NOTE 2:
a1 = 0.16/1.4 for BWChannel(1) = 1.4 MHz whereas a1 = 0.05 for all other channel bandwidths


4
Other specification changes
The aggregate bandwidth for an arbitrary bandwidth combination does not depend on the DC subcarrier. Therefore, the inclusion of the DC subcarrier in the nominal guard implies that the frequency offset used to calculate the aggregate bandwidth must be modified as follows:

5.6A

Channel bandwidth for CA

For intra-band contiguous carrier aggregation Aggregated Channel Bandwidth, Aggregated Transmission Bandwidth Configuration and Guard Bands are defined as follows, see Figure 5.6A-1.

 SHAPE  \* MERGEFORMAT 



Figure 5.6A-1. Definition of Aggregated channel bandwidth and aggregated channel bandwidth edges

The aggregated channel bandwidth, BWChannel_CA, is defined as


BWChannel_CA = Fedge,high - Fedge,low  [MHz].
The lower bandwidth edge Fedge,low  and the upper bandwidth edge Fedge,high of the aggregated channel bandwidth are used as frequency reference points for transmitter and receiver requirements and are defined by


Fedge,low = FC,low - Foffset,low


Fedge,high = FC,high + Foffset,high

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and highest assigned edge component carrier and are defined as 


Foffset,low = (0.18NRB,low + f1)/2 + BWGB [MHz]


Foffset,high = (0.18NRB,high + f1)/2 + BWGB [MHz]

where f1 = f for the downlink with f the subcarrier spacing,  f1 =  for the uplink, while NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.6-1 for the lowest and highest assigned component carrier, respectively. BWGB denotes the Nominal Guard Band and is defined in Table 5.6A-1, and the factor 0.18 is the PRB bandwidth in MHz.
NOTE:
The values of BWChannel_CA for UE and BS are the same if the lowest and the highest component carriers are identical.
Aggregated Transmission Bandwidth Configuration is the number of the aggregated RBs within the fully allocated Aggregated Channel bandwidth and is defined per CA Bandwidth Class (Table 5.6A-1).

For intra-band non-contiguous carrier aggregation Sub-block Bandwidth and Sub-block edges are defined as follows, see Figure 5.6A-2.


[image: image3]
Figure 6.2.1.1-1 Non-contiguous intraband CA terms and definitions

The lower sub-block edge of the Sub-block Bandwidth (BWChannel,block) is defined as

Fedge,block, low = FC,block,low - Foffset,block, low.

The upper sub-block edge of the Sub-block Bandwidth is defined as 

Fedge,block,high = FC,block,high + Foffset,block,high .

The Sub-block Bandwidth, BWChannel,block, is defined as follows:

BWChannel,block = Fedge,block,high - Fedge,block,low [MHz]
The lower and upper frequency offsets Foffset,block,low and Foffset,block,high depend on the transmission bandwidth configurations of the lowest and highest assigned edge component carriers within a sub-block and are defined as

Foffset,block,low = (0.18NRB,low f1)/2 + BWGB [MHz]

Foffset,block,high = (0.18NRB,highf1)//2 + BWGB [MHz]

where f1 = f for the downlink with f the subcarrier spacing,  f1 =  for the uplink, while NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.6-1 for the lowest and highest assigned component carrier within a sub-block, respectively. BWGB denotes the Nominal Guard Band and is defined in Table 5.6A-1, and the factor 0.18 is the PRB bandwidth in MHz.
The sub-block gap size between two consecutive sub-blocks Wgap is defined as

Wgap = Fedge,block n+1,low - Fedge,block n,high [MHz]
The resulting aggregated bandwidth remains the same. 
5
Proposal

We propose to include the text below into the TR 36.833-1-27.
TEXT PROPOSAL:

<start of text proposal>
5.3
CA Bandwidth Class B

The supported bandwidth combinations in Table 5.2-1for intra-band contiguous CA in Band 27 implies a CA configuration of CA Bandwidth Class B: CA_27B.  The Class B specification in 36.101 is currently incomplete, whence a definition is required. 

For the general definition of CA Bandwidth Class B it is proposed to limit the aggregated bandwidth to a value larger than 5 MHz in order to limit the number of bandwidth combinations. This would exclude the 1.4 MHz + 1.4 MHz and 1.4 MHz + 3 MHz bandwidths with aggregated bandwidths close to 3 MHz and 5 MHz, respectively. 

With this limitation, the nominal guard band for Class B (with respect to the aggregated bandwidth and given by the largest internal guard band of the aggregated carriers) would be given by  

(5.3.1)
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this in order to get a symmetrical guard band on both sides for the case in which the carrier bandwidths are unequal. Now, in the downlink, an additional grid point is punctured into the subcarrier grid for accommodating the DC in the baseband (not sent). This means that the guard band for the downlink should be modified to
(5.3.2)
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where f is the subcarrier spacing. For the uplink, the guard band is given by (5.3.1) for all types of transmissions.
For Class B, fall-back operation to non-CA on carriers with a bandwidth of 1.4 MHz can occur, which is not the case for the Class C intra-band combinations specified to date. This operation requires CA Bandwidth Class A capability for 1.4 MHz, which would be indicated in RRC signalling. For a 1.4 MHz component carrier, the one-sided guard band is a fraction 0.16/1.4 of the channel bandwidth rather than 5% that applies for the larger bandwidth. Therefore, the guard band for CA Bandwidth Class A should be modified as follows
(5.3.3)
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for the downlink with a1 = 0.16/1.4 for the 1.4 MHz bandwidth and a1 = 0.05 for all other channel bandwidths. The last term of (5.3.3) is not present for the uplink. 
The definition of CA Bandwidth Class B and the necessary modification for Class A are shown in Table 5.3-1 along with that of the other classes.

Table 5.3-1: CA bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	a1BWChannel(1) - 0.5f1 (NOTE 2)

	B
	25 < NRB,agg ≤ 100
	2
	0.05 max(BWChannel(1),BWChannel(2)) - 0.5f1

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	NOTE 1:
BWChannel(1) and BWChannel(2) are channel bandwidths of two E-UTRA component carriers according to Table 5.6-1 and f1 = f for the downlink with f the subcarrier spacing while f1 = 0 for the uplink.
NOTE 2:
a1 = 0.16/1.4 for BWChannel(1) = 1.4 MHz whereas a1 = 0.05 for all other channel bandwidths


As a side note, it is remarked that the guard band for CA Bandwidth Class C should also be modified to include the term 0.5f1. 
The inclusion of the term 0.5f1 makes a difference for cases in which the frequency gap between aggregated carriers is small, which occurs for bandwidth combinations including the 1.4 MHz bandwidth. Inclusion of this also necessitates a change of the parameters Foffset,low and Foffset,high in the definition of the downlink aggregated channel bandwidth as a consequence of the change of guard band; the necessary changes in clean text (clause 5.6A of 36.101):
5.6A

Channel bandwidth for CA

For intra-band contiguous carrier aggregation Aggregated Channel Bandwidth, Aggregated Transmission Bandwidth Configuration and Guard Bands are defined as follows, see Figure 5.6A-1.
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Figure 5.6A-1. Definition of Aggregated channel bandwidth and aggregated channel bandwidth edges

The aggregated channel bandwidth, BWChannel_CA, is defined as


BWChannel_CA = Fedge,high - Fedge,low  [MHz].
The lower bandwidth edge Fedge,low  and the upper bandwidth edge Fedge,high of the aggregated channel bandwidth are used as frequency reference points for transmitter and receiver requirements and are defined by


Fedge,low = FC,low - Foffset,low


Fedge,high = FC,high + Foffset,high

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and highest assigned edge component carrier and are defined as 


Foffset,low = (0.18NRB,low + f1) /2 + BWGB [MHz]


Foffset,high = (0.18NRB,high + f1)/2 + BWGB [MHz]

where f1 = f for the downlink with f the subcarrier spacing,  f1 =  for the uplink, while NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.6-1 for the lowest and highest assigned component carrier, respectively. BWGB denotes the Nominal Guard Band and is defined in Table 5.6A-1, and the factor 0.18 is the PRB bandwidth in MHz.

NOTE:
The values of BWChannel_CA for UE and BS are the same if the lowest and the highest component carriers are identical.
Aggregated Transmission Bandwidth Configuration is the number of the aggregated RBs within the fully allocated Aggregated Channel bandwidth and is defined per CA Bandwidth Class (Table 5.6A-1).

5.4
Carrier spacing for Class B
The resulting nominal carrier spacing for Class B is the same as that for Class C:
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with BWChannel(1) and BWChannel(2) the channel bandwidths of the two respective E-UTRA component carriers with values in MHz. Remark that the multiplying factor 0.1 of the second term of the numerator still applies for all bandwidths on the 300 kHz raster.
The definition of the nominal carrier spacing in 36.101 would look as follows in clean text:

5.7.1A
Channel spacing for CA

For intra-band contiguous carrier aggregation bandwidth classes B and C, the nominal channel spacing between two adjacent E-UTRA component carriers is defined as the following:


[image: image9.wmf][

]

MHz

3

.

0

6

.

0

1

.

0

 

 

spacing

channel

Nominal

)

2

(

)

1

(

)

2

(

)

1

(

ú

ú

û

ú

ê

ê

ë

ê

-

-

+

=

Channel

Channel

Channel

Channel

BW

BW

BW

BW


where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.
6
E-UTRA RF requirements for UE

<end of text proposal>
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