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1 Introduction

In this contribution, we give further analysis and discussions on additional carrier types.
2 Discussion
At Ran1#66bis meetings, from RAN1 perspective, the main motivations identified for introducing a new carrier type are [2]:

· Enhanced spectral efficiency

· Improved support for Het Net

· Energy efficiency
From the three main motivations, working assumptions for future new carrier were put forward in [2],

Some specific areas are identified, such as removal of control signalling and CRS, association between new carrier and backwards compatible carrier, issues of synchronisation/tracking, resource allocation methods, concept of uplink enhancements. The following analysis is on these issues.
2.1 Synchronisation/tracking
In case of intra-band scenario, where transmission points of additional carrier type and the corresponding compatible carrier are collocated. UE shall use the synchronization of the corresponding compatible carrier  to acquire/maintain time and frequency synchronization of the additional carrier type, since the frequency characteristics between cells might be similar to each other, for example, on propagation delay, coverage, and etc. Thus, maintaining synchronization on the corresponding compatible carrier is sufficient to keep synchronization in additional carrier. In this case, we expect that PSS/SSS and CRS should not be transmitted in additional carrier type in this intra-band scenario.
In case of inter-band scenario, timing requirements between additional carrier type and the corresponding compatible carrier could be met with as a result of simultaneous transmitting from same locations. Frequency of additional carrier type and the corresponding compatible carrier may drift due to different frequency characteristics and high velocity of UE. UE should do frequency synchronization in different carriers. In this case, we expect that UE could maintain the time synchronization between additional carrier type and rely only on PSS/SSS on the corresponding compatible carrier. As for the frequency deviation, we believe that it can be corrected by introducing a new sparse RS used for synchronization tracking (see section 2.3).
Propagation delays could be quite different in case transmission points of additional carrier type and compatible carrier are geographically separated. It could be a option to keep PSS/SSS on additional carrier type, in addition to new sparse RS for synchronization tracking (see section 2.3).
As for the false camp of LTE legacy UE, a new PSS/SSS that LTE legacy UE does not recognize is good enough for avoidance of false camp. Furthermore, more simple method to avoid false camp of LTE legacy UE is not to transmit PBCH on additional carrier type since LTE legacy UE fails to decode PBCH would consider the cell as barred. 
2.2 Mobility
For mobility measurement on additional carrier type, it is necessary to discuss the benefit of supporting directly handover to additional carrier type.
It seems simpler to make handover to backward compatible carrier only. UE in RRC_CONNECTED state will establish a RRC connection via the compatible carrier. Only after that, the UE can access the attached additional carrier. Besides, if additional carrier type does not support paging, it means additional carrier type may only support UE in RRC_CONNECTED state, and any handover or cell reselection should be directed to backward compatible carrier anyway.
We believe that it is not urgent to support UE making directly handover or cell reselection between two different additional carriers. Then measurement through RS is not strictly required as compatible carrier.
2.3 RS
At RAN1#66bis meeting, it identified further study on synchronisation/tracking and requirement of RS.

CRS is mainly used for PDSCH demodulation, time/frequency tracking and channel state measurement. Removal/Reduction of CRS will save considerable overhead.

With CSI-RS, due to sparse insertion in frequency domain (i.e. One RE per PRB in an OFDM symbol), the timing resolution is limited by a function of the distance in inserted RS density, which needs to be further verified in terms of the necessity of time tracking during, for example, transition from RRC_IDLE to RRC_CONNECTED. 

A new sparse RS tailored from CSI-RS or CRS should be introduced for time/frequency tracking. The method will be illustrated by CRS in following.
Considering the analysis of sections 2.1 and 2.2, an example here supports a simplified reference signal configured on additional carrier type. A sparse RS could be simplified from LTE Rel-8/9/10 CRS in figure 1. Here are a few simplified methods for CRS:
a. Use only the 6 RBs of additional carrier’s center frequency to send CRS, for example, when additional carrier is 50 RBs, use only the center 6 RBs to carry CRS.
b. CRS can be configured to send every 2ms ,or 3ms,or 4ms, for example, when send period is 2ms, CRS occurs in the sub-frame # 0, # 2, # 4, # 6 and # 8.
c. CRS are only configured in 1 or 2 OFDM symbols of every sub-frame.
d. CRS exist only in domain of PDSCH in a sub-frame.
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Figure 1 
Above mentioned method can be used independently or used by means of combination of some methods. For example, a and b can be used together in figure 2, or b and d can be used together.
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Figure 2
In additional, patterns of above mentioned sparse RS on additional carrier type could also be configured dynamically. Configuration information of sparse RS could be delivered to UE via the corresponding compatible carrier. By doing so, the corresponding compatible carrier can configure the removal of sparse RS on additional carrier type when there is no UE on additional carrier type.
2.4 Resource allocation
If features of new carrier are similar to carrier segments, for example, one PDCCH indicates PRBs in sum BW of LTE Rel-10 carrier and carrier segment(s), such things about new carrier, such as, ordering of PRB number, ways of RBG size determination, signalling design for DCI about downlink resource allocation.
If features of new carrier are similar to extension carrier, for example, independent PDCCHs indicates PRBs of LTE Rel-10 carrier and extension carrier separately, resource allocation methods of Rel-10 can continue to work on new carrier.

If removal of PDCCH on new carrier, data scheduling on new carrier can be similar to LTE Rel-10 cross-carrier scheduling of Scell PDSCH. Alternatively, given the ePDCCH discussions for LTE Rel-11, the eNB may schedule Pcell data using PDCCH on Pcell and extension carrier data using ePDCCH sent on the extension carrier.
2.5 Other issues
Currently, most discussion in Rel-10 mainly focus on DL issues of additional carrier type. Study of additional carriers may still be relevant to the uplink. Applications with frequently transmitted small packets such as in M2M or for smart phones, may motivate more optimized UL carrier structures tailored to improve the spectral efficiency to such scenarios. Thus further considerations are needed on UL carrier types.
On the additional carrier type, control channels and signals (such as PDCCH, PSS/SSS, PBCH, CRS, CSI-RS, and so on) could be configured via the corresponding backwards compatible carrier.
3 Conclusion
In this contribution, we conclude the following:
· PSS/SSS also should be configurable on additional carrier type. A new RS tailored from CRS could be introduced for tracking. 
· Mobility between two additional carriers should be made by backward compatible carrier only.

· ePDCCH should be introduced for resource allocation on additional carrier type.

· PDCCH, PBCH, RS should be configurable via the backwards compatible carrier.

· Further considerations are needed on UL additional carrier types.

4 Reference

[1] R1-100828, LS on additional carrier types for LTE-A, RAN1#59bis, Valencia, Spain Jan 2010
[2] R1-11xxxx, Draft Report of 3GPP TSG RAN WG1 #66bis v0.1.0, MCC Support 
[3] R1-112475, Consideration on Additional Carrier Type, LG Electronics








































































































































































































































































































































 4/4

_1381837871.vsd
CRS


B0


B1


CRS


No CRS


CRS


No CRS



CRS


No CRS


No CRS


#0


#1


#2


#3


#4


CRS


PDCCH


PDSCH


Sub-frame


a


b


No CRS


No CRS


CRS


c


d



_1381837950.vsd
No CRS


No CRS


No CRS


#0


#1


#2


#3


#4


#5


#6


CRS



