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1 Introduction
In LTE system, it is expected that available resource blocks on a carrier do not reach full band utilization but only partial number of resource block within 20MHz bandwidth would be used. Eventually, the remainder of the band not utilized by Rel-8 would be wasted, even if network operators want to obtain additional frequency resource on the carrier in LTE system. To support more frequency resource, other component carriers could be defined into a system as a simple extension of a R8 carrier. In other words, since changing the carrier bandwidth of R8 system itself would not be feasible, as an alternative to the carrier aggregation, new component carriers could be considered as an extension to a R8 carrier. To prevent the waste of frequency resource of a component carrier and utilize the full bandwidth on one carrier, the concept of carrier segment is proposed in [1]. However, still issues such as system information (SI) and cell-specific reference signal with carrier segment needs an in-depth study. In this contribution, we show our views regarding the concept of carrier segment especially focused on the backward compatibility between LTE system and LTE-A system. 
2 Discussion

As illustrated in Fig. 1, the concept of segment can be seen as a simple frequency domain extension of the R8 carrier. The Brief summary of carrier segment is as follows [2].

· Not necessary to have carrier aggregation.
· Used to enable additional transmission bandwidths beyond the set of Rel-8 values, i.e., {6, 15, 25, 50, 75, 100} RBs but no more than 110 RBs. What sets are used is defined by RAN4.
· The sum of backward compatible component carrier and segment(s) shall be no more than 110RBs. Configurations with sum of backwards compatible component carrier and segment(s) over 110RBs are FFS.
· One PDCCH indicates the RBs allocated in the sum of backward compatible carrier and segment(s).
· One HARQ process for the sum of backward compatible carrier and segment(s).
· Backward compatible component carrier and segment(s) use the same transmission mode.
· Segments configuration without CRS is FFS.
· Segments are contiguous to the component carrier they are associated with.
When considering above-mentioned summary of the segment, we find two concerns. One is the segment recognition without Rel-8 based-SI, and the other one is how the system can support the Cell-specific Reference Signal (CRS) keeping the backward compatibility between LTE UEs and LTE-A UEs even if segments configuration with CRS is FFS.
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Figure 1: the concept of carrier segments

2.1 System Information handling between LTE UE and LTE-A UE
As shown in Fig. 1, LTE system would be deployed on a backward compatible carrier, of which system bandwidth could not reach the max 20MHz depending on operator’s use and policy. In LTE-A system, the backward compatible carrier already being used for LTE UEs could be extended in frequency region in contiguous way. The extended frequency region contiguous to the backward compatible carrier is called as ‘segment’, and the segment can be considered as a part of original CC. There is no control region such as PDCCH, PHICH, or PCFICH in the segment and all the UEs including LTE-A UEs make an effort to obtain SI from only backward compatible carrier. Basically SI includes the DL center frequency, DL bandwidth, SFN, and so on but none of the information related to the ‘Segment’. Accordingly, LTE-A UE will not be able to check whether segment exists on the carrier or not, when it does the synchronization and initial access. Therefore, we could think of possible SI acquisition methods as follows:
· Modification of Broadcast SI 
· Modification of SI is not deemed as a proper solution since if some part of SI is changed, a LTE UE can no longer receive the SI. So, we carefully conclude that modification of SI for LTE-A UEs should be excluded in the solutions in order to maintain backward compatibility between LTE and LTE-A systems.
· Dedicated signalling for LTE-A UEs
· When a LTE-A UE tries to access to an eNB and succeeds the synchronization and initial access, the eNB recognizes whether it is a LTE-A UE and makes ready for additional SI transmission including segment information for LTE-A UEs
· Carrier indicator field utilization 
· Assuming some restriction, a CI can be utilized for UE’s segment recognition implicitly. In this case, when LTE-A UE succeeds the initial access and receives the DCI format, with CI value, LTE-A UE itself could require the information related to segment to eNB. Since there exists max 5 CCs in carrier aggregation, 5 CI fields are enough to indicate each configured CC. For example, if ‘000~100’ CIs are used for indicating DL CCs, we can make use of extra ‘101~111’ CIs for another purpose of segment configuration.
2.2 Cell-specific Reference Signal Generation and Mapping
In this section, we treat the CRS mapping problem between a BC carrier and segments. So far, segments configuration with cell-specific reference signal (CRS) is FFS. However, in the aspect of channel estimation on the segments, CRS on the segments is seen as essential. To keep backward compatibility between BC carrier and segments, CRS generation procedure and mapping rule based on Rel-8 should not be affected by the additional segment for frequency extension and spectral efficiency. So we make suggestions about CRS generation and mapping on the segments as following:
· CRS is generated based on Rel-8 scheme
· Only LTE-A UEs can access the segments and utilize them but LTE UEs can not. At the eNB side, Cell-ID and DL bandwidth of the BC carrier are major parameters for CRS generation and this information is sent to both LTE UEs and LTE-A UEs by SI broadcasting. In addition, the total number of available system bandwidth is different between LTE UE and LTE-A UE, if LTE-A system includes the segment as shown in Fig. 1. Therefore, the BC carrier has the top priority of the CRS mapping so as not to interfere with Rel-8 CRS-based channel estimation of LTE UE. Fig. 2 shows the one example of CRS mapping between BC carrier and segments. 
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Figure 2: Mapping cell-specific reference signals on the ‘backward compatible carrier and segments’, by using single reference signal generation procedure.
· CRS generation procedure could be different between LTE system and LTE-A system.
· CRS generation procedure could be done in an independent way between BC carrier and segments. However independent CRS generation procedure needs to verify the CRS performance considering multi-cell environment. CRS for segment region could have different sequence size and different Cell ID-based initial value cinit for pseudo-random sequence generation compared with Rel-8 based CRS generation
3 Conclusion
This contribution includes further consideration on adopting carrier segment concept. We make sure that segment is totally different from existing extension carrier and it does not provide synchronization signals, system information or paging, and therefore can not be used for random access or UE camping. Our conclusions are summarized as follows:
· Rel-8 based-SI should not be modified, but additional SI transmission and segment recognition procedure for LTE-A UEs are essential.
· CRS generation and mapping for segments should not affect the existing Rel-8 CRS operation in order to retain the backward compatibility. However CRS generation and mapping for segments could be done in the same way as with the BC carrier or independently as discussed in section 2.2.
4 References
[1] R1-094203, “Extension Carriers for LTE-A Future”, Qualcomm Europe
[2] R1-094436, “On definitions of carrier types”, Ericsson, ST-Ericsson
[3] R4-091674; Approval; TP for LTE-Advanced deployment scenarios; Nokia Siemens Networks
_1324233663.vsd
Control Region or PDCCH


Segment 2


Segment 1


PDSCH


LTE System Bandwidth or BC carrier << 20MHz


Total system Bandwidth (Max. 20MHz)


time
(OFDM symbol)


freq.
(Subcarrier)




_1324738299.vsd
텍스트�

Subframe


BC carrier


Segment 2


Segment 1


Rel-8 Backward-compatible sequence region


Sequence region for segments


Index 0


Index N-1


Index N+M-1


�

�

�

Pseudo-random Sequence Generator
- Cell ID-based initial value: single cinit value
- Sequence length: N+M



