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1. Introduction
Definitions related to CC channel spacing and aggregated channel bandwidth are not agreed yet and were discussed in contributions [2-7]. 
This document makes proposals in order to progress these issues and also contains a text proposal for the CA UE TR [1] for Clauses 5.6 and 5.7. In particular the questions / issues raised in [4] are addressed.
2. Discussion

Basic Channel raster
It is a working assumption in RAN4 that the same channel raster as for E-UTRA REL-8 is preserved, thus the carrier centre frequency must be an integer multiple of 100 kHz for all bands.  
Proposal A1:
For LTE-A same channel raster as in E-UTRA Rel-9 is applied.
Channel raster for contiguously aggregated CCs
It is a working assumption in RAN4 that spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz. This is to be compatible with the 100 kHz frequency raster of LTE Rel-9 and at the same time to maintain the orthogonality of the subcarriers with 15 kHz spacing. 
Orthogonality becomes important when CCs are spaced closely and TX spectrum shaping filtering is not effective any longer. The location on the n*15 kHz raster also facilitates the use of FFT/IFFT across CCs.
Note that most values of the REL-9 nominal spacings are not a multiple of 300 kHz. However, as REL-8, 9 LTE deployments are typically single-carrier, it’s feasible to commence any multi-carrier / CA deployments right away with the channel spacing defined for CA without causing IFHO towards “legacy” carriers. The situation is different in UTRA where DC-HSD(U)PA has to fit into existing multi-carrier deployments and thus the same (5 MHz) channel spacing is required. 
Furthermore, the proposal in [3] to re-use REL-9 channel spacing for certain deployment scenarios would complicate matters as it’s not evident for which CA configurations (number of CCs, their transmission bandwidth configuration and mutual channel spacing) one should mandate the 300 kHz raster and for which this is not required. The simplest approach is thus to apply the 300 kHz raster for all CA scenarios.
Proposal A2:
The nominal channel spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz for all CA scenarios.
Values for the nominal inter-CC channel spacing
Based on papers [2-7] there is general consensus to adopt the minimum possible channel spacing compatible with the n*300 kHz constraint. Paper [3] mentioned a potential HeNB use case in which a somewhat larger spacing, close to or at REL-9 channel spacing might be beneficial in order to increase the ACIR between HeNB (( macro links; however the benefits and need in doing so would require further studies. 
Having multiple points (or a range) for the inter-CC channel spacing would raise the question if the UE TX / RX requirements, including regulatory limits, AMPR, etc. would need to be defined for and would apply for all these points or only for the “nominal” spacing with the TX / RX requirements left undefined for alternative spacing’s. In addition the UE testing effort might increase for multiple channel spacing’s. 

Proposal A3:
In REL-10 the nominal channel spacing between centre frequencies of contiguously aggregated component carriers shall be the minimum possible channel spacing compatible with the n*300 kHz constraint.
As suggested in [3] we could capture in the UE TR that there may exist deployment scenarios for which alternative channel spacings between contiguously aggregated carriers shall be considered, that this is FFS and left for future releases.

Also some of the CC channel spacing’s can be left FFS, as not all CC combinations are applicable for REL-10, see [8].

Principle for deriving an Aggregated Channel Bandwidth
Aggregated Channel Bandwidth can be defined as the bandwidth in which a UE transmits (receives) multiple CCs simultaneously. The following principle options exist to define this:

1. Assume available spectrum blocks of size n*5 MHz (or n*20 MHz) as the Aggregated Channel Bandwidth.  Then derive suitable CA CC configurations including appropriate internal transition (guard) bands at the edge CCs as well as inter-CC carrier spacing.
2. Derive the Aggregated Channel Bandwidth from the configuration of the CCs by considering the nominal CC channel spacing and a guard bands above the highest (below the lowest) transmitted/received CC. 
The following can be observed:
· available spectrum blocks might not always be of size n*5 MHz as was noted in RAN4 e.g. for the 3.5 GHz band
· Option 1.) tends to result in larger guard bands or addition of smaller CCs to fill these
· Option 1.) with n*20 MHz scales worse towards 60 … 100 MHz as it results in large guard bands (for closely spaced CCs).
· Option 2) better reflects actual physics / emissions which are driven by the actual CC configuration, not license block sizes.
· The resulting Aggregated Channel Bandwidth in Option 2) will not be a multiple of 5 MHz, but an “odd” number like 38.3 MHz for 100 + 100 RB CA. On the other hand this it indicates the minimum needed spectrum for a CC configuration (in form of 3GPP TX/RX requirements), and any additional frequencies within n*5 MHz blocks could be available to enhance co-existence to adjacent systems even further.
· For the BS option 2.) is used in for multi-carrier and MSR specifications

Either approach leads to about the same parameters to decide (CA configuration, values for internal transition (guard) bands and CC carrier spacing), so it’s not a crucial important point, however, our preference is Option 2);
Proposal B1:
Derive the Aggregated Channel Bandwidth from defined values for nominal CC channel spacing and appropriate frequency offsets relative to the highest (lowest) transmitted/received CC.
Guard bands at the edge CCs

Shall GB be symmetrical or asymmetrical?

Basic physics of the emissions of an aggregated signal suggests a symmetrical GB might be appropriate; i.e. the same value should be used for the highest (lowest) transmitted/received CC, even if the edge CCs have different Transmission Bandwidth Configuration. This also avoids too small GB in case 6 RB CCs are configured at the edges in future releases.

On the other hand it’s slightly more difficult to define a symmetrical GB for CA configurations consisting of CCs with unequal Transmission Bandwidth Configurations as REL-8 GB values of the edge CC would not be simply re-used.
Proposal B2:
Define the size of the guard band symmetrical; i.e. the same value should be used for the highest (lowest) transmitted/received CC.
Shall GB values be fixed or relative to the Aggregated Channel Bandwidth?

Among others, the guard bands facilitate TX spectrum shaping filtering. In REL-9 the guard bands are relative to BW_channel (~10%).  Scaling this upwards to e.g. 80 MHz will lead to large guard bands, hence the need for this should be investigated. Variable guard bands also complicate CA migration scenarios like extending 2*100 RB CA towards 3*100 RB CA as the edges of Aggregated Channel Bandwidth would accordingly move, requiring possibly some re-arrangement of the CCs.

In neither the “10 % rule” is required for TX/RX filtering nor a single fixed guard band value found feasible for the whole range of CA from 20 … 100 MHz, then a middle and more flexible way could be to make the guard band size a function of the Aggregated Transmission Bandwidth Configuration, with a certain granularity, e.g.:
Table 5.6-1. Definition of the Guard band size
	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration, NRB, agg
[RBs]
	Guard band 

[MHz]

	A
	NRB, agg ≤ 100
	TBD

	B
	100 < NRB, agg ≤ [200]
	[1]

	C
	[200] < NRB, agg ≤ [300]
	TBD

	D
	[300] < NRB, agg ≤ [400]
	TBD

	E
	[400] < NRB, agg ≤ [500]
	TBD


in which Aggregated Transmission Bandwidth Configuration, NRB, agg: The number of aggregated RBs in which a UE can transmit (receive) simultaneously. NRB, agg is defined as the sum of the Transmission bandwidth configurations (NRB) of the CCs.

A first starting point for discussion might be 1 MHz for the region relevant to REL-10 timeframe, 100 < NRB, agg ≤ [200]. This is a guard band value corresponding to the REL-8 20 MHz carrier. Feedback regarding this proposal would be welcome. 

Making the guard band size a function of the Aggregated Transmission Bandwidth Configuration rather than of properties of the involved CCs makes the GB behaviour more predictable. That is to say the GB becomes less dependent on the order of CCs and other details of the CA configuration.
Proposal B3:
Define the size of the guard band with a certain granularity (in form of a table) as a function of the aggregated Transmission Bandwidth Configuration 
Principle for deriving the Aggregated Channel Bandwidth Edges

The edges of the Aggregated Channel Bandwidth can be defined relative to the centre frequency of the highest (lowest) transmitted/received CC. E.g.: 

Upper Aggregated Channel bandwidth edge, FAgg_Ch_BW, high : The frequency of the upper edge of the Aggregated Channel bandwidth, used as a frequency reference point for transmitter and receiver requirements. It is defined as FAgg_Ch_BW, high = FCC,high + Foffset in which 
FCC,high :
Centre frequency of the highest transmitted/received CC.
Foffset :
Frequency offset from FCC,high (low) to the upper (lower) Aggregated Channel bandwidth edge FAgg_Ch_BW, high (low). Foffset depends of the transmission bandwidth configuration of the upper (lower) edge CC and is defined as 

Foffset = 0.18 * (Edge CC transmission bandwidth configuration)/2 + guard band [MHz]
Similar for the Lower Aggregated Channel bandwidth edge, FAgg_Ch_BW, low. Then one obtains the Aggregated Channel Bandwidth as FAgg_Ch_BW, high - FAgg_Ch_BW, low.
Proposal B4: 
Define the edges of the Aggregated Channel Bandwidth relative to the centre frequency of the highest (lowest) transmitted/received CC.
3. Conclusion

This document proposes that RAN4 agrees upon the following:

Proposal A1:
For LTE-A same channel raster as in E-UTRA Rel-9 is applied.
Proposal A2:
The nominal channel spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz for all CA scenarios.

Proposal A3:
In REL-10 the nominal channel spacing between centre frequencies of contiguously aggregated component carriers shall be the minimum possible channel spacing compatible with the n*300 kHz constraint.
Proposal B1:
Derive the Aggregated Channel Bandwidth from defined values for nominal CC channel spacing and appropriate frequency offsets relative to the highest (lowest) transmitted/received CC.
Proposal B2:
Define the size of the guard band symmetrical; i.e. the same value should be used for the highest (lowest) transmitted/received CC.
Proposal B3:
Define the size of the guard band with a certain granularity (in form of a table) as a function of the aggregated Transmission Bandwidth Configuration 
Proposal B4: 
Define the edges of the Aggregated Channel Bandwidth relative to the centre frequency of the highest (lowest) transmitted/received CC.
If these suggestions are acceptable to RAN4 then it’s also proposed to agree upon the attached text proposal for Clauses 5.6 and 5.7 of the CA UE TR [1].
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A.
Text proposal for CA UE TR
----- Start of TP for the main section -----
5.6
Channel bandwidth

REL-9 requirements are specified for the channel bandwidths listed in Table 5.6-1.

Table 5.6-1 REL-9 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths for one E‑UTRA carrier
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


Figure 5.6-1 shows the relation between the Channel bandwidth (BWChannel) and the REL-9 Transmission bandwidth configuration (NRB) for one E‑UTRA carrier. The channel edges are defined as the lowest and highest frequencies of the carrier separated by the channel bandwidth, i.e. at FC +/- BWChannel /2.
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Figure 5.6-1. Definition of Channel Bandwidth and Transmission Bandwidth Configuration for one E‑UTRA carrier

5.6A CA Channel bandwidth
For contiguously aggregated component carriers Aggregated Channel Bandwidth and Aggregated Channel Bandwidth Edges are defined as follows, see Figure 5.6-2.
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Figure 5.6-2. Definition of Aggregated Channel Bandwidth and Aggregated Channel Bandwidth Edges

FCC,high :
Centre frequency of the highest transmitted/received CC.
FCC,low :
Centre frequency of the lowest transmitted/received CC.
Aggregated Transmission Bandwidth Configuration, NRB, agg: The number of aggregated RBs in which a UE can transmit (receive) simultaneously. NRB, agg is defined as the sum of the Transmission bandwidth configurations (NRB) of the CCs.
Aggregated Channel Bandwidth: The bandwidth in which a UE transmits (receives) multiple CCs simultaneously. It is defined as FAgg_Ch_BW, high - FAgg_Ch_BW, low.
Lower Aggregated Channel bandwidth edge, FAgg_Ch_BW, low :  The frequency of the lower edge of the Aggregated Channel bandwidth, used as a frequency reference point for transmitter and receiver requirements. It is defined as FAgg_Ch_BW, low = FCC,low - Foffset,low.
Upper Aggregated Channel bandwidth edge, FAgg_Ch_BW, high : The frequency of the upper edge of the Aggregated Channel bandwidth, used as a frequency reference point for transmitter and receiver requirements. It is defined as FAgg_Ch_BW, high = FCC,high + Foffset,high.
Foffset :
Frequency offset from FCC,high (low) to the upper (lower) Aggregated Channel bandwidth edge FAgg_Ch_BW, high (low). Foffset depends of the transmission bandwidth configuration of the upper (lower) edge CC and is defined as 

Foffset = 0.18 * (Edge CC transmission bandwidth configuration)/2 + guard band [MHz]
Guard band: “virtual guard band” to facilitate transmit (receive) filtering above / below edge CCs. It depends on the Aggregated Transmission Bandwidth Configuration and is defined as follows:

Table 5.6-1. Definition of the Guard band size
	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration, NRB, agg
[RBs]
	Guard band 

[MHz]

	A
	NRB, agg ≤ 100
	TBD

	B
	100 < NRB, agg ≤ [200]
	[1]

	C
	[200] < NRB, agg ≤ [300]
	TBD

	D
	[300] < NRB, agg ≤ [400]
	TBD

	E
	[400] < NRB, agg ≤ [500]
	TBD


The channel spacing between centre frequencies of contiguously aggregated component carriers is defined in clause 5.7.1.
5.6.1 
Channel bandwidths per operating band

5.7
Channel arrangement

5.7.1
Channel spacing

The nominal channel spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz (in order to be compatible with the 100 kHz frequency raster of LTE Rel-9 and at the same time preserve orthogonality of the subcarriers with 15 kHz spacing). This constraint would need to be added to Clause 5.7.1 Channel spacing.

It is proposed to adopt the minimum possible channel spacing compatible with the n*300 kHz constraint, resulting in the values shown in Table 5.4.1-1.
Table 5.4.1-1 Nominal channel spacing between contiguously aggregated component carriers 

	Carrier spacing [MHz] 
	Channel bandwidth BWChannel [MHz] specified in Table 5.6-1

	
	1.4
	3
	5
	10
	15
	20

	Channel bandwidth BWChannel [MHz] specified in table 5.6-1
	1.4
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	3
	
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	5
	
	
	Note 1
	Note 1
	Note 1
	Note 1

	
	10
	
	
	
	9.3
	11.4
	13.8

	
	15
	
	
	
	
	13.8
	15.9

	
	20
	
	
	
	
	
	18.3


Note 1: FFS, not applicable for REL-10
This nominal channel spacing between two contiguously aggregated E-UTRA carriers can be equivalently defined by the following expression:
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where NRB(1) and NRB(2) are the transmission bandwidth configurations of the two respective E-UTRA carriers specified in Table 5.6-1. 

There may exist deployment scenarios for which alternative channel spacings between contiguously aggregated carriers may be considered. This is FFS and left for future releases.

5.7.2
Channel raster

For LTE-A same channel raster as in E-UTRA Rel-9 is applied. Hence the channel raster is 100 kHz for all bands, which means that the carrier centre frequency must be an integer multiple of 100 kHz.  

----- End of TP for the main section -----
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