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1. Introduction
Release 11 LTE Carrier Aggregation Enhancements WI was originally approved in [1] in RAN#51 and further updated in [2] in RAN#52. The following working assumptions have been agreed in RAN1_66bis for support of new carrier types:
· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.

This contribution presents our observations about the carrier segments in the context of Release 11 discussions. 
2. Considerations of Carrier Segment for Release 11

Carrier segments are used to enable additional transmission bandwidths beyond the set of Rel-8/9/10 values defined by RAN4 [16], i.e., {6, 15, 25, 50, 75, 100} RBs, but no more than 110 RBs. Depending on the implementation of carrier segments, they may be deployed without using any carrier aggregation techniques. In other words, the carrier segments may be viewed as the bandwidth extension of a Rel-8/9/10 compatible component carrier to support the use of the new transmission bandwidths in a backward compatible way, complementing carrier aggregation approaches. 
The main potential benefits of carrier segments is that it allows the use of the original Rel-8/9/10 bandwidths by Rel-8/9/10 UEs (without using the additional carrier segment portion) while supporting aggregated additional bandwidth segments that can be used by new Rel-11 UEs. Although carrier segments provide a means to support new transmission bandwidths by providing bandwidth extensions to a backward compatible component carrier, the primary concern regarding carrier segments is that they would require defining new related RF requirements across multitude of bandwidth combinations in RAN4 which may involve a very lengthy process. Additionally, supporting carrier segments would also increase the RF complexity for channel filtering from a product development viewpoint. Given the above issue around carrier segments realizations, if supported, we proposed to take the following criteria/requirements into account:
· Strictly limit the number of bandwidth combination for main carrier and associated segments to reduce the system complexity as well as RAN4’s work load and also 
· Ensure that the use of such carrier segments do not impact the interoperation Release 8/9/10 UE’s with the serving eNB’s on the main carrier which is backward compatible to Release 8/9/10.
· Minimize the changes and impact to the expected Rel-11 UE/eNB behaviours from Rel-8/9/10; 

Based on the above mentioned factors, we propose: 

Proposal 1: New carrier types as carrier segment will result in considerable RF complexity, requirements and testing work in RAN4/5, so it may be defined only if there is clear justification of use cases.
Proposal 2: The new carrier segment, if introduced in Rel-11, should 
(a) strictly limit the number of bandwidth combination for main carrier and associated segments to reduce the system complexity as well as RAN4’s work load;
(b) not affect the interoperation of Release 8/9/10 UE with existing Rel-8/9/10 UE/eNB in the main carrier; 
(c) minimize the changes and impact to the expected Rel-11 UE/eNB behaviours from Rel-8/9/10; 
3. Proposed Design for Release 11 Carrier Segment

In order to meet the proposed criteria/requirements mentioned above, the following carrier segment design is proposed and is illustrated by a design example. Figure 1depicts a carrier segment structure with the total available bandwidth of B MHz. The central B0 MHz is defined in the legacy system information, i.e., the Rel-8/9/10 UEs would be aware of this part of main carrier only. The resource allocation can be made according to the central B0 MHz defined in the legacy system. The legacy bandwidth of the central B0 MHz (e.g. 5/10 MHz) would also be conveyed to the future LTE-A (Rel-11) UE while the additional carrier segment bandwidth of B-B0 MHz (outside of central B0 MHz) would be for Rel-11 UEs only.
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Figure 1, carrier segment example.
The high level concept of the proposed DL Carrier Segment design is to pair the additional carrier segments’ RBs (from segment 1 & segment 2) with the RBs within the existing B0 MHz (Rel-8/9/10 compliant resources) such that the new devices (Rel-11 and beyond UEs) can take advantage of the additional available resources in the side segments. Different pairing methods can be considered with the key benefits of reusing all the existing Rel-8/9/10 control and feedback mechanism (minimize the standard changes) while fully utilize the additional resource from the carrier segments.

One simple pairing example is to pair the additional resource blocks in each carrier segment with the RBs from the band edge as illustrated in Figure 2. When the resource blocks in Edge 1 is allocated to a certain Rel-11 UE, then the paired resource blocks in Segment 1 shall implicitly be allocated to the same Rel-11 UE with the assigned resource blocks in Edge 1. This is also applied for the paired Edge 2 and Segment 2. It is noted that it is better to assign Rel-8/9/10 UEs with RBs which are located inside the center band and leave the resource blocks in Edge 1 and Edge 2 to the Rel-11 UEs in order to take advantage of the additional paired resource blocks in Segment 1 and Segment 2. However, it is not an issue to allocate the resource blocks in Edge 1 and Edge 2 to Rel-8/9/10 UEs, when there is no Rel-11 UE need to be schedule in the subframe. Additionally, the RBs in Segment 1 and Segment 2 corresponding to the OFDM symbols in Edge 1 and Edge 2 occupied by the PDCCH/PHICH/PCFICH transmissions of the legacy bandwidth are also used for the data transmission.

The proposed methods can be used to keep all the existing Rel-8/9/10 users intact while adding new Rel-11 subscribers and take advantage of the additional side segments while keeping all the control channels and signals unchanged (e.g. PDCCH).
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Figure 2, carrier segment RB pairing example.
Based on design example provided in this contribution the following observation can be made: 

Observation: It is feasible to support the co-existence between legacy (Rel-8/9/10) UEs and the new Rel-11 UEs in the main carrier, while enabling the flexibility to fully utilize the additional carrier segment resources with minimal impact to standard and maintain backward compatibility. 

4. Conclusions
Proposal 1: New carrier types as carrier segment will result in considerable RF complexity, requirements and testing work in RAN4/5 and so it may be defined only if there is clear justification of use cases.

Proposal 2: The new carrier segment, if introduced in Rel-11, should 

(a) strictly limit the number of bandwidth combination for main carrier and associated segments to reduce the system complexity as well as RAN4’s work load;
(b) not affect the interoperation of Release 8/9/10 UE with existing Rel-8/9/10 UE/eNB in the main carrier; 

(c) minimize the changes and impact to the expected Rel-11 UE/eNB behaviours from Rel-8/9/10; 

Observation: It is feasible to support the co-existence between legacy (Rel-8/9/10) UEs and the new Rel-11 UEs in the main carrier, while enabling the flexibility to fully utilize the additional carrier segment resources with minimal impact to standard and maintain backward compatibility. 
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