3GPP TSG RAN WG1 Meeting #66bis
                        R1-113227
Zhuhai, China, 10th – 14th October 2011
Agenda Item:        7.2.2
Source:            NEC Group

Title:
Framework to define additional carrier type: Carrier segments
Document for:   Discussion/Decision
1 Introduction

A new work item, “LTE Carrier Aggregation Enhancements”, was agreed in RAN plenary meeting, RAN#52, for Rel-11 LTE [1]. One of the main objectives of this work item is to study additional carrier types including non-backwards compatible elements for carrier aggregation, considering their deployment scenarios, benefits, drawbacks and standardization impacts. The additional carrier types were also considered during Rel-10 LTE work [2], namely: 

· Extension Carrier
· Carrier segment
However, these additional carrier types were not further considered for Rel-10 LTE mainly due to anticipated work load in 3GPP RAN work groups and available time left for Rel-10 LTE completion [3]. Many company contributions in last RAN1 meeting (RAN1#66) discussed the benefits of additional carrier types, and proposed to be studied in Rel-11 [4-8]. 
In this contribution, we first summarise the motivations for introducing carrier segments, and introduce framework to define additional carrier type to LTE. We briefly discuss signalling aspects in introducing carrier segments, and then we provide trade-oof analysis for our proposal to standardize carrier segments in Rel-11. Our views on extension carrier are discussed in our companion paper in [11]. 

2 Discussion

2.2 Characteristic of carrier segments

“Extension Carriers” and “Carrier Segments” would be characterised by [2]. 

· No PBCH/Release-8 SIB/Paging 

· No PSS/SSS 

· No PDCCH/PHICH/PCFICH 

· No CRS 

· Rel-10 mobility is based on measurements in backwards compatible CC(s) 
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Figure 1: Additional carrier types

An extension carrier must be a part of a component carrier set where at least one of the carriers in the set is a backwards compatible component carrier. A carrier segment is defined as contiguous bandwidth extension of a backwards compatible component carrier. Carrier segments could be added to either one side of the backward compatible bandwidth or both sides of the compatible bandwidth as shown in Figure 1. Moreover, carrier segments would have single HARQ for the combined bandwidth with single PDCCH for resources allocations [2]. 
While carrier segment could be added to either one side or both sides of the backward compatible bandwidth, we propose to consider inclusion of symmetric carrier segments on both sides of the backward compatible bandwidth. The benefits of this approach are less standardization impacts and minimum implementation complexities which are elaborated in the following sections. 
Proposal 1: Carrier segments should be added to both sides of the backward compatible bandwidth. 

In fact, one could consider “Extension Carrier” as a sub-set of “Carrier Segment” where bandwidth of the backward compatible part of the carrier is zero. Thus, “Extension Carrier” always needs to be attached with primary component carrier (PCC) for synchronization and mobility mechanisms. To simplify the discussion, we call additional carrier type with “Carrier segment” as “semi-backward compatible carrier (SBCC)” since it contains both compatible and non-compatible bandwidths. Note that SBCC can operate either as standalone carrier or as one component carrier in the carrier aggregation scenario.  
2.3 Motivations and deployment scenarios to define carrier segments
We see the trend in moving from cell specific transmission in Rel-8 LTE based on CRS to UE specific transmission in Rel-10 LTE based on DM-RS and CSI-RS. The emerging deployment scenarios such as HetNet and small cell deployments favours UE specific transmission for better and efficient interference coordination and management. Further, multipoint transmission schemes being considered for Rel-11 LTE are also expected to be based on UE specific transmission. The additional carrier types, particularly carrier segments, provides smooth migration path for operators to deploy network from CRS based transmission scheme in Rel-8 to fully UE specific transmission in Rel-11 and later releases. The key motivations to define carrier segments are further elaborated below. 

Interference coordination and management

It is highly beneficial to use carrier segments in heterogeneous network deployment scenarios to coordinate and manage interference efficiently in the carrier segment regions. The centre part of the bandwidth could be used to schedule macro inner cell UEs and pico inner cell UEs. UEs in the cell range expansion (CRE) region shall be allocated with resources in the carrier segment regions. This would reduce interference in UEs in the CRE region.  The use of resources in carrier segment region will also improve throughput performance and coverage in homogeneous network deployment scenarios due to less CRS pollution and control channel interference.
Flexible and efficient spectrum usage
Additional carrier type with carrier segments provides simple mechanism to define new bandwidth for LTE in a backward compatible manner. Due to scarce spectrum allocations, the Rel-8/9/10 LTE bandwidths (1.4, 3, 5, 10, 15 and 20 MHz) may not be sufficient for some operators. Further, future spectrum allocations and re-farming of GSM spectrum may require new bandwidth for LTE to avoid spectrum wastage. It is also advantage to use larger bandwidth in compared to aggregating two carrier components, considering implementation, and overhead in carrier aggregation. For example, consider a case where an operator is allocated 8MHz bandwidth, and needs to have peak data rates. One available option is to use carrier aggregation to aggregate 5MHz and 3 MHz bandwidths. Better option would be to use single carrier with 8 MHz bandwidth. However, these bandwidth and spectrum aspects should be further discussed in RAN4. 

Energy saving 

Additional carrier type with carrier segments will enable energy saving opportunity by eliminating unnecessary transmission of cell specific control and reference signal, and using UE specific control and reference signals. 

2.4 Framework to standardize additional carrier types

We propose to introduce the framework of “Semi-backward compatible carrier (SBCC)” and “SBCC bandwidth (BWSBCC)” to Rel-11 and later release LTE to standardise additional carrier types with carrier segments with minimal standardization and implementation impacts. This framework also allows defining new bandwidth for LTE in a backward compatible manner if it is necessary. 
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Figure 2: Definition of “Semi-backward compatible carrier”
The concept of SBCC is shown in Figure 2, and SBCC is defined as a LTE carrier consisting of:

· ‘backward compatible bandwidth (BWBC)’ which is equal to one of LTE bandwidth 1.4, 3, 5, 10, 15 and 20 MHz defined in Rel-8/9/10 and similar physical channel and signal mappings as that of Rel-8/9/10 LTE.  

· and ‘two equal carrier segments’ contiguous  to both sides of backward compatible bandwidth. The total bandwidth of carrier segments is called non-backward compatible bandwidth (BWNBC) which shall contain only UE specific control and data channels.   

SBCC bandwidth is defined as the bandwidth of SBCC carrier which is greater than the backward compatible bandwidth, and could be either:

· equal to one of LTE bandwidth 3, 5, 10, 15 and 20MHz defined in Rel-8/9/10, or 

· newly created bandwidth to be defined in Rel-11 and later release. 
Proposal 2: “Semi-backward compatible carrier (SBCC)“ framework is proposed to minimize standardization impacts and implementation complexity in introducing additional carrier type with carrier segments in Rel-11. 

To minimize standardization complexity and impacts in introducing additional carrier type, the framework is used in two phases. 
· In the first phase, the SBCC bandwidth and its compatible bandwidth are part of Rel-8/9/10 bandwidth. This avoids the need to develop new RF requirements for base station and UE including regulatory requirements. This simplifies standardization, and implementation complexities.  

· In the second phase, new bandwidth can be introduced for SBCC in Rel-11 or later release. This requires the need to develop new RF requirements for base station and UE including regulatory requirements. Moreover, “segment gap” could be optimized to improve spectral efficiency.  
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 Figure 3: Framework for standardization of “Semi-backward compatible carrier”
The Figure 3 illustrates the definitions of SBCC to align with the RF requirements specified in TS36.104 [9] and TS36.101 [10] for base station and UE respectively. More specifically, the framework provides following features in terms of RF requirements.

· Transmitter requirements for base station and UE:

· All transmitter RF requirements are only limited by SBCC bandwidth. 

· Receiver requirements for base station and UE:

· Receiver RF requirement, reference sensitivity (REFSENS) could be influenced by “Segment gap”. The default “segment gap” is applicable if backward compatible bandwidth and SBCC bandwidth are part of Rel-8/9/10 bandwidth. It might be possible to optimize the “segment gap” apart from default value.    
Proposal 3: RAN4 should further study the proposed SBCC framework and considering RAN4 aspects, if RAN1 considers the proposed SBCC framework is beneficial. 
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Figure 4: DL Resources grid in “Semi-backward compatible carrier”

To avoid performance impacts to legacy Rel-8/9/10 UEs on the backward compatible bandwidth, a proper segment gap needs to be used, where no transmission takes place (Figure 4). Note that the segment gap is only needed if there is need to support legacy Rel-8/9/10 UEs. Therefore, the scheduler function could handle whether segment gap is to be maintained or not based on deployment scenario. The default segment gap could be equal to the guard band of the backward compatible bandwidth as defined in Rel-8. However, this could be further studied by RAN4, including optimization of segment gap. 
2.5 Signalling aspects
Standardization of SBCC needs following signalling support. 

· Notification of SBCC bandwidth to Rel-11 and later release UE.

· Some additional bits on broadcast message could be used to notify SBCC bandwidth to Rel-11 and later release UEs.
· Legacy Rel-8/9/10 UE does not understand this new signaling information, and it will operate as in Rel-8/9/10 network. 
· RAN2 could specify proper signaling mechanism. 
· Signaling mechanism for resources allocations in the non-backward compatible part of SBCC

· One or both of the following method as shown in Figure 5 could be considered:

1. PDCCH with SBCC bandwidth.
2. E-PDCCH to be defined in Rel-11 LTE.
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Figure 5: DL Resources allocation in “Semi-backward compatible carrier”

3 Trade-off analysis
A brief trade-off analysis is provided below.

· Applicable scenarios:
· Standalone carrier and carrier aggregation deployment scenarios, including intra-band and inter-band 

· Non-CA based heterogeneous deployment scenario
· CA based heterogeneous deployment scenario, including intra-band and inter-band 
· Potential benefits:
· Provides simple framework to standardize additional carrier type with carrier segments for Rel-11 LTE onwards with minimal standardization impacts and implementation complexity.
· Provides simple mechanism to define new bandwidth for LTE in a backward compatible manner. 
· Provides simple migration path for smooth moving from cell specific transmission in Rel-8 to UE specific transmission. 

· Enable Energy saving opportunity by eliminating unnecessary transmission of cell specific control and reference signal. 
· Provides better frequency domain interference coordination and management for the resources in the carrier segment regions, and thus enabling the use of large bias for cell range expansion (CRE).
· No synchronization and mobility measurement issues when SBCC is used as secondary component carrier in inter-band carrier aggregation scenario.
· Potential drawbacks:
· Unused resources in segment gap. 

· Carrier segments could support only TM9. 

· Additional signalling

· Specification / workload impact analysis:

· RAN1:

· PDSCH mapping in the carrier segment regions

· PDSCH scheduling mechanism in the carrier segment regions

· Physical layer procedures for PDSCH transmission in the carrier segment regions and the application of segment gap
· RAN2:

· Signalling mechanism to notify SBCC bandwidth to Rel-11 and later release UEs 

· RAN3: 

· No impact
· RAN4: 

· Specification of “segment gap” to satisfy existing RF requirements for base station and UE.
· Performance requirements for PDSCH considering allocation in carrier segment regions
· RF requirements for new bandwidth if agreed to define. 
4 Conclusion
We presented our view in additional carrier type, carrier segment, and its benefits and deployment scenarios with trade-off analysis. We proposed a framework, called “semi-backward compatible carrier (SBCC)” concept to standardize additional carrier type with carrier segment with minimal standard and implementation impacts. We request RAN1 to consider the following proposal for further discussion.

Proposal 1: Carrier segments should be added to both sides of the backward compatible bandwidth. 
Proposal 2: “Semi-backward compatible carrier (SBCC)“ framework is proposed to minimize standardization impacts and implementation complexity in introducing additional carrier type with carrier segments in Rel-11. 

Proposal 3: RAN4 should further study the proposed SBCC framework and considering RAN4 aspects, if RAN1 considers the proposed SBCC framework is beneficial. 
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