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Introduction
In R4-100453 [1], RAN1’s LS to RAN4, on additional carrier types for LTE-A, RAN1 has requested RAN4 to take note of the characteristics of a potential additional carrier type, and to inform RAN1 if RAN4 would like RAN1 to progress this work further for Release 10.
RAN1 has been discussing the feasibility of introducing additional component carrier (CC) types beyond the backward-compatible carriers as part of LTE-Advanced Carrier Aggregation Work Item. During the RAN1 #59bis meeting, further discussion on additional carrier types took place, focusing on Extension Carriers and Carrier Segments. For many operators, the motivation for introducing one or both of these additional carrier types would be to provide improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths, or when the actual bandwidth allocation does not match the Release 8 system bandwidth numerology. RAN1 could not conclude on the need or benefit of defining one additional carrier type in Rel-10 beyond backward-compatible component carriers (please see Annex-1). 
In order to aid RAN4 in arriving at a decision regarding the need and benefits of defining additional carrier types in Rel-10 beyond backward-compatible component carriers, this paper provides  AT&T’s situation and views on this topic.
To this end, this paper:

1. Highlights AT&T’s bandwidth extension scenarios; specifically:

a. narrow bandwidth extension in 1710/2110 MHz (“AWS”);
b. narrow bandwidth extension in 1900 MHz (”PCS”);

c. narrow bandwidth extension in 700 MHz; and

d. carrier aggregation in GSM 850 MHz
2. Requests retaining  the priority of the current scenario for Region-2 to Priority #1, namely:
a. 10MHz UL/DL:5MHz CC (Band 17) + 5MHz CC (Band 4), FDD

3. Recommends UE Classes as a mechanism to handle some vendor’s concerns about UE complexity; and
4. Proposes the inclusion of Extension Carriers and Carrier Segments as optional capabilities in Rel’10
Discussion
AT&T trusts RAN4 recognizes that Extension Carriers and Carrier Segments are attempting to solve a very real problem for operators. Improved spectral efficiency in scenarios involving bandwidth extension by narrow bandwidths, or when the actual bandwidth allocation does not match the Release 8 system bandwidth numerology, are critical for AT&T.
AT&T has plans to use the following spectrum for LTE:
· 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)*

* Referred to as the B and C Blocks in Lower 700 MHz also. While AT&T’s spectrum in the Lower 700 could also be thought of as part of Band 12, RAN4 has defined Band 17 which includes only B and C Blocks in Lower 700 MHz, owned by AT&T.
The highest priority for AT&T is to deploy a 10+10 MHz channels for LTE.  That will be on 700 MHz in some markets, and on 1710/2110 MHz (a.k.a. “AWS”) in other markets. If neither of these two options is available, then we will deploy on 5+5 MHz channels in 700 MHz or in AWS.  
All spectrum allocations in AWS (Band 4, i.e. 1700/2100 MHz) and PCS (Band 2, i.e. 1900 MHz) are assigned in multiples of 5 MHz, and therefore 3GPP's current bandwidth definitions are sufficient. However, this is not true in the US and Canadian 700 and 850 MHz bands, where fragmentation exists due to allocations that are not based on a 5 MHz raster. The current 3GPP bandwidth definitions will impact LTE deployments in the 700 and 850 MHz bands for AT&T, Verizon, Rogers, Bell Canada, Telus, COX, US Cellular, Metro PCS and America Movil. Other operators using 850 MHz spectrum include TelCel (Mexico) and Telstra (Australia). In Taiwan, Chunghwa Telecom, Taiwan Cellular and Far-East Tone use the 900MHz spectrum (895-910/940-955 MHz). There have also been some 900 MHz allocations in Hong Kong that may be impacted.
The entire 700 MHz U.S. band is based upon a 6 MHz raster (see Figure-1 below):

Figure-1: 700 MHz band
All US carriers licensed to operate in the 700 MHz band have been allocated spectrum in multiples of 6 MHz, which does not fit within RAN4’s pre-defined set of bandwidths, ie 1.4, 3, 5, 10, 15 & 20 MHz – and hence there is a need for some form of additional component carrier type, be it Extension Carriers or Carrier Segments. See Figure-2 (below) for the 850 MHz situation in the U.S. and Canada (since ~1989); notice the non-uniformity and fragmentation:
· AT&T, VZ, Telus, Bell Canada and Rogers occupy A”+A+A’ or B+B’ over most of the U.S. and Canada.

· AT&T occupies all 850 MHz spectrum: A”+A+A’+B+B’ in a few U.S. locations also. 
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Figure-2: 850 MHz band
850 MHz offers many challenges: beyond the hardware / antenna efficiency aspect, the “optimal” extension PRB method should allow for 2x2 MIMO with two 850 MHz antenna elements or 4x4 MIMO with four 850 MHz antenna elements. The “sub-optimal” mix of separate carriers would require eight 850 MHz antenna elements and 4 radio heads for 4x4 MIMO! We’ve shown 850 MHz because it is the most demanding application. For 700 MHz, the same considerations apply, except the extensions are contiguous. Please see Figure-3 (below).
In terms of priorities and nomenclature: AT&T’s interests are first toward the application of extension PRBs on top of existing “backwards compatible” LTE carriers and radio heads. Adding odd-sized “non-backwards-compatible” carriers requires more hardware and creates a messy link budget situation where (for example) we could have different power per PRB for a 10 MHz chunk of 850 MHz “backwards-compatible” carrier and a separate “non-backwards compatible” 2.5 MHz chunk of 850 MHz carrier on separate radio heads. It would be better to create a “backwards-compatible 10 MHz carrier with non-contiguous 2.5 MHz extension spectrum” on a single radio head. Whether this can be done with Extension Carriers or Carrier Segments needs some study.
In a nutshell, AT&T believes that a number of operators may have similar concerns. They may want to (at least) support the Extension Carrier approach. In other words, operators require the ability in Rel’10, for at least aggregating (non-contiguous) PRBs within unused spectrum which may lie beyond the currently defined RAN4 bandwidth allocations, while maintaining a minimal increase in overhead, standards impact and development.

Some UE vendors have voiced serious and legitimate concerns about both additional carrier types in Rel’10, as it they fear it would complicate UE design, development and testing. AT&T believes that there is a way to address these concerns, while also accommodating operator’s needs. This would be by defining LTE-Advanced UE Classes. Thus, a very basic UE class (Class-1 UE) would not support Carrier Aggregation, Extension Carriers or Carrier Segments. Going up the Class ladder, the UE would support more capabilities. This was done in LTE and enabled UE vendors to delineate their device offerings and handle complexity issues.
Operators need to take into account the very real scenario where there will be not only hand-held UEs but most definitely PC cards, USB radio modems, notebooks with integrated WWAN support, and fixed-wireless devices which would be able to support Carrier Aggregation, Extension Carriers and Carrier Segments due to their greater CPU, memory and battery capabilities. Most likely, these would also be offered before hand-helds, same as HSDPA was. Users of these non-hand-held devices would also thirst for very high data rates, which Carrier Aggregation, Extension Carriers and Carrier Segments would enable.
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Figure-3: Optimal and Sub-optimal aggregation in 850 MHz band
Proposal

Hence, AT&T proposes the following:
1. We request retaining  the priority of the current scenario for Region-2 to Priority #1, namely: 10MHz UL/DL:5MHz CC (Band 17) + 5MHz CC (Band 4), FDD (ref: R4-100220 [2]);
2. Given the broad geographical impact and number of operators affected by the mismatched raster to current RAN4 defined bandwidths, both additional carrier types, ie. Extension Carriers and Carrier Segments should be included as optional capabilities in Rel’10, in order to enable operators to completely utilize all available spectrum. 
3. UE Classes for LTE-Advanced devices should be defined, as a mechanism to alleviate concerns about UE complexity;
Conclusion
AT&T believes that mechanisms need to be included to enable operators to completely utilize available spectrum in the Rel’10 timeframe. If this means including Extension Carriers and Carrier Segments, along with Carrier Aggregation, these should be given serious consideration as optional capabilities, which when taken together with differentiated UE Classes, will enable operators and vendors to achieve these objectives in a reasonable and practical manner.
Looking further ahead, AT&T’s expectation is that all of our 700, 850, 1700/2100 and 1900 MHz spectrum will eventually be part of a common carrier aggregation pool. This requirement remains for whatever approach is chosen – be it Carrier Aggregation, Extension Carriers and/or Carrier Segments. With this in mind, the chosen approach (or likely approaches) must scale up to at least 5 carriers and 100MHz aggregation: using all allocated spectrum. This is a realistic scenario when GSM and (eventually UMTS) are “sunset” (i.e., retired).
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Annex-1
Although RAN1 could not conclude on the need or benefits of defining even one additional carrier type in Rel-10 beyond backward-compatible component carriers, there were more companies that did see a need (9 vs 7) and benefits (12 vs 4), as indicated by the results of a “show of hands” conducted by the RAN1 Chair (results captured in the RAN1 Chair’s Notes):



Question #1:  Which companies believe there is a need to define one additional CC type in Rel-10 beyond backward-compatible carriers, based on the definitions in R1-100813?

Y:
Panasonic, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, AT&T, LGE, Fujitsu, Sharp Corporation, Mitsubishi, ZTE

N:
Nokia, NSN, Ericsson, ST-Ericsson, Samsung, Huawei, CATT

Question #2:  Which companies believe there is a benefit to define one additional CC type in Rel-10 beyond backward-compatible carriers, based on the definitions in R1-100813?

Y:
Panasonic, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, AT&T, LGE, Fujitsu, Sharp Corporation, Mitsubishi, ZTE, Motorola, Qualcomm, Philips

N:
Nokia, NSN, Samsung, CATT
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