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A. Introduction

NCT was started in R’11, but portions of the work were deferred to R’12 in order to ensure that the remaining R’11 work could be focused on and competed in a timely manner. At TSG-RAN#57, the WI proposal in RP-121415: “New Carrier Type for LTE” (NCT) was approved for inclusion within R’12. In order to expedite the process, the work was split into two phases. Phase-1 includes specifying a new carrier being aggregated with a legacy LTE carrier. Phase-2 includes specifying stand-alone operation and optimizations for small cells (e.g., macro-assistance, etc). Further, in order to make the process more efficient, it was decided that this R’12 work would utilize the agreements and working assumptions that were made during the R’11 NCT work.
The motivations for introducing NCT have included improved spectral efficiency, enhanced HetNet operation and energy efficiency. From AT&T’s perspective, a key motivation is band-filling, which can be defined as more fully utilizing the bandwidth that is allocated by the regulatory agencies in each country.

In this paper, we discuss the need for band-filling. Ways in which NCT can fulfill this need have already been discussed in [1].
B. Background
AT&T is in REGION-2, and operates in (or plans to operate in) the following bands supporting LTE, UMTS/HSPA and GSM/GPRS/EDGE technologies in FDD mode:

· Band   2 = “PCS”  = 1900 MHz (UL: 1850-1910 MHz; DL: 1930-1990 MHz)

· Band   4 = “AWS” = 1700/2100 MHz (UL: 1710-1755 MHz; DL: 2110-2155 MHz)

· Band   5 = “GSM” =  850 MHz (UL: 824-849 MHz; DL: 869-894 MHz)

· Band 17 = “700”   =  700 MHz (UL: 704-716 MHz; DL: 734-746 MHz)

· Band 29 = “DL700”   = 722 MHz (716-728 MHz)
a. In 700 MHz, AT&T has B block and C block.  Both are 2x6 MHz.  However, the top 1.25 MHz of C Block is used as a guardband between C and D.  There is more flexibility in B (compared to C), where NCT for band-filling could be useful.
Block
Frequencies (MHz)

Bandwidth

Pairing

B

704-710, 734-740

12 MHz

2 x 6 MHz

C

710-716, 740-746

12 MHz

2 x 6 MHz

b. The cellular blocks (850 MHz) are both 2 x 12.5 MHz.  B Block is 10 MHz + 2.5 MHz (all of those are paired). However, A Block is 11 MHz + 1.5 MHz, where NCT for band-filling could be useful.
c. In PCS (1900 MHz) the blocks are all 5 MHz, 10 MHz, or 15 MHz (all paired).  However, in some cases the licenses have been split and we may have 2 x 7.5 MHz in some situation, where NCT for band-filling could be useful.
d. In AWS (1700/2100 MHz) the blocks are either 2x10 MHz or 2x5 MHz. No need to use NCT for band-filling.
e. In DL700 (716-728 MHz, ie. FLO), the blocks are as follows, and where NCT for band-filling could be useful.
Block
Frequencies (MHz)

Bandwidth

Pairing

D 

716-722 


6 MHz 

unpaired 

E 

722-728 


6 MHz


unpaired

AT&T is not alone; other countries have similar issues. From [1] the following are examples of operator frequency block assignments that differ from LTE bandwidths:
Table 1. Examples of real-world frequency block assignments to operators in Band 8
	Country
	Block assignment [MHz]

	Germany

Italy
	3.8, 7.2

11.8, 12.4

	Slovakia
	6, 7

	Switzerland
	12.2, 12.4

	UK
	4.6, 7.4, 7.8


Table 2. Examples of real-world frequency block assignments to operators in Band 3
	Country
	Block assignment [MHz]

	France
	21, 23.8, 26.6

	The Netherlands
	17.4

	Romania
	12.4, 12.7

	Slovakia
	5.4, 7.8, 13.4

	Switzerland
	16.2, 17.2


C. Discussion

In the most likely case of AT&T’s 700 MHz band, the need for band-filling can be fulfilled by using NCT as follows:
Block
Frequencies (MHz)

Bandwidth

Pairing

B

704-710, 734-740

12 MHz

2 x 6 MHz

Currently, of the 2x6 MHz (or 12 MHz) in the 704-710 MHz and the 734-740 MHz bands, only 10 MHz can actually be used, since RAN4 has defined a 10 MHz and not a 12 MHz channel bandwidth. This leads to 2 MHz being wasted. Using NCT, the 2 MHz could also be utilized via band-filled by aggregating a RAN4 defined 3 MHz channel band with the 10 MHz channel band. From [2]:
5.6
Channel bandwidth

Requirements in present document are specified for the channel bandwidths listed in Table 5.6-1.

Table 5.6-1 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


The transmission bandwidth configuration (NRB) refers to the number of resource blocks. NCT could be used to slim down the 3 MHz down to 2 MHz by stripping some of the overhead and also by removing guard-bands where the 10 MHz and the 3 MHz would abut when aggregated. This would be a reduction of 5 resource blocks, since 3 MHz = 15 RBs and 2 MHz = 10 RBs.
Similarly, for DL700:
Block
Frequencies (MHz)

Bandwidth

Pairing

D 

716-722 


6 MHz 

unpaired 

E 

722-728 


6 MHz


unpaired

Of 6 the MHz each in the D (716-722 MHz) & E blocks (722-728 MHz), only 5 MHz can actually be used, since RAN4 has defined a 5 MHz and not a 6 MHz channel bandwidth. This leads to 1 MHz being wasted. Using NCT, the 1 MHz could also be utilized via band-filled by aggregating a RAN4 defined 1.4 MHz channel band with the 5 MHz channel band. To do this, NCT could be used to slim down the 1.4 MHz down to 1 MHz by stripping some of the overhead and also by removing guard-bands where the 5 MHz and the 1.4 MHz would abut when aggregated.
Admittedly, this will require RAN4 to include the 1.4 MHz and the 3 MHz into the channel bandwidth set allowed for carrier aggregation.

The possibility of aggregating two 3 MHz bands to form a 6 MHz aggregated bandwidth or four 3 MHz bands to form a 12 MHz aggregated bandwidth has been proposed. However, this would not work for legacy UEs, which would see a very noticeable decrease in data throughput, were they forced to only use one of the 3 MHz bands. They would be better served by using the 5 MHz or 10 MHz (and ignoring the NCT portion) to continue to provide a higher data throughput.

D. Conclusion

In this paper we have shown the need for NCT in order to more fully utilize the channel bandwidths that we have at our disposal. We are not alone in this need. Other countries have similar needs. 
Hence, we recommend that these improvements using NCT be considered for the band-filling.
References
[1] R4-115939: "On improved bandwidth scalability for CA enhancement” – Huawei, HiSilicon
[2] TS 36.104 V11.0.0 (2012-03): “E-UTRA Base Station (BS) radio transmission and reception (Release 11) – 3GPP
Page 3 of 3
AT&T






RAN1 #72

Revision of R1-125347

