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1 Introduction
RAN1 has agreed on the following on the support of wider bandwidth for LTE-A (Section 5 of [1]): 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:

· An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers.

· An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.
· It shall be possible to configure all component carriers LTE Release 8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded

The above text implies that that two possible component carrier types can be considered for LTE-A. A number of contributions [2]

 REF _Ref220982260 \r \h 
[3] have discussed extensively the benefits of introducing the notion of anchor (or primary) component carrier.

In addition, RAN1 has agreed to consider the following advanced features for LTE-A:

· 8x8 DL MIMO

· 4x4 UL MIMO

· Coordinated Multi Point (CoMP) transmission and reception
· Relay

One of the focuses of many contributions [5]

 REF _Ref220993855 \r \h 
[6]

 REF _Ref220993857 \r \h 
[7]

 REF _Ref220993891 \r \h 
[8]

 REF _Ref221010108 \r \h 
[9]

 REF _Ref220995504 \r \h 
[10]

 REF _Ref220995506 \r \h 
[11] discussing the LTE-A features above have been on the methods to introduce these features whilst ensuring backward compatibility with LTE Rel-8 UEs. Implicitly assumed in many discussions is that LTE-A features should be supported on component carriers that is backward-compatible with LTE Rel-8. In our view, instead of  the approach taken in aforementioned contributions, restricting the support of selected LTE-A features only for non-backward-compatible component carrier can result in designs that are simple, clean and efficient.
In this contribution, we discuss the merits and demerits of supporting advanced features for LTE-A based on the component carrier type. We propose RAN1 to study component-carrier based partition of LTE-A features to meet the backward compatibility requirement and at the same time, keep LTE-A physical layer design simple, clean and efficient.
2 Types of Component Carriers
A number of contributions [2]

 REF _Ref220982260 \r \h 
 \* MERGEFORMAT [3] have discussed the concept of anchor carrier (or primary carrier). We think that component carriers can be generally classified into two types, namely anchor (or primary) component carrier and non-anchor (or secondary) component carrier. In our view, their functions or properties can be defined as given below:

Primary component carrier

1. Backward compatible with LTE Rel-8 UEs, i.e. LTE-8 UEs can operate on the primary component carrier. This can be seen as the defining attribute of primary component carrier.
2. Used for transmission of synchronisation signals (primary synchronisation signal (PSS) and secondary synchronisation signal (SSS)), and physical broadcast channel (PBCH). 

3. Used for paging and system information (SI) transmissions for both LTE and LTE-A UEs

4. Although it supports both LTE and LTE-A UEs, it should provide support for all LTE features and some (but not all) of the LTE-A features e.g. non-contiguous resource allocation for uplink transmission. What other LTE-A features should be supported on primary component carrier is FFS. Further discussions on the merits and the demerits of this proposal shall be provided in Section 3.
Secondary component carrier

1. Non-backward compatible with LTE Rel-8 UEs. This can be seen as the defining attribute of secondary component carrier. 
2. Support all LTE-A features (e.g. 8x8 DL MIMO, 4x4 UL MIMO, relay, CoMP, etc) 

3. LTE-A UE can receive or transmit on secondary component carriers if instructed by the eNB

It would be reasonable to assume that the type of component carrier is cell-specific, i.e. no two UEs in a cell can identify the type of a component carrier differently. There can be more than one primary component carriers and more than one secondary component carriers in a cell, however it is not possible to configure a cell to have only secondary component carriers. In other words, there is at least one primary component carrier in a cell.
3 Support for LTE-Advanced features based on component carrier type
In this section, we analyse the merits and the demerits of supporting all LTE-A features on primary component carrier and supporting only limited  LTE-A features on primary component carriers. 
Option 1: Pros and cons of supporting all LTE-A features on primary component carriers:

A major advantage of supporting all LTE-A features on primary component carriers is that all component carriers can be configured to be backward compatible and yet full LTE-A features are available to LTE-A UEs. This would be beneficial particularly in early LTE-A network deployment stage where there could be far more LTE UEs than LTE-A UEs. All component carriers can be configured to support LTE UEs, offering large system capacity for LTE UEs without affecting the availability of the LTE-A features for the LTE-A UEs. In addition, LTE-A UE can operate with only one component carrier and still able to benefit from all LTE-A features.

A major disadvantage is that backward compatibility with LTE Rel-8 UEs needs to be handled with extreme care. Due to this major design constraint, it would almost be impossible to optimise the design of LTE A features. The likely outcome of following this approach is to accept degraded performance of LTE-A features due to suboptimal LTE-A feature design. A potential worse outcome is that performance of LTE UEs may be impacted.
It is of course possible to have suboptimal design of LTE-A features for primary component carriers and a more optimal design of LTE-A features for secondary component carriers. This can somewhat alleviate the problem of degraded LTE-A performance. However in our view, it would not be desirable from UE implementation’s point of view to have a two different implementations for LTE-A features based on the component carrier type. In this sense, supporting all LTE-A features on primary component carriers reduces the benefit of introducing the notion of of non-backward compatible secondary component carrier.
Option 2: Pros and cons of supporting major LTE-A features on secondary component carriers only (supporting only limited LTE-A features on primary component carrier)
A main advantage of supporting major LTE-A features on secondary component carriers only is that LTE-A features can be designed and optimised without the backward compatibility constraint. There would be little or no system or performance impact on LTE UEs since no LTE UEs is allowed to access the secondary component carrier.
A disadvantage of supporting major LTE-A features on secondary component carrier only is that LTE-A UEs needs to monitor at least two multiple component carriers (one primary component carrier and one secondary component carrier) to benefit from full LTE-A features even if the amount of traffic is low. This may result in increased power consumption for the UE. In addition, in early network deployment with potentially small number of component carriers, and large number of LTE UEs, configuring one or more component carriers to be secondary results in large system capacity loss since no LTE UEs can operate in secondary component carriers.
Conclusion: Option 2 is our preference.

4 Implications on LTE-A features design
There are obviously profound implications on the design of LTE-A features if component-carrier based partition of LTE-A features is to be the way forward. In this section, we focus our discussions on the RS design for CoMP (joint processing scheme) and DL 8x8 MIMO. Note that a way forward on CoMP and DL MIMO RS has been agreed in RAN1#55bis [4], the proposal to introduce CoMP RS and additional DL RS to support 8 Tx antennas only in secondary component carrier is consistent with the agreed way forward.
If primary component carriers are required to support DL 8x8 MIMO and CoMP operations the backward compatibility requires that the additional RSs are not interpreted as other signals (PDSCH, PDCCH for example) by legacy LTE UEs. To meet this requirement, some sort of LTE – LTE-A resource partition scheme is needed. 
Proposals for RS design for DL MIMO so far can be classified into RB/Subband based partition (FDM) [4] and subframe based partition (TDM) [6]

 REF _Ref220993857 \r \h 
[7]. As already discussed in [8]:

· RB/Subband based partition scheme reserves RB for RS of antennas 4 to 7. This scheme can provide scheduling flexibility and resource efficient usage, however, it has high UE signaling complexity. In addition, excessive RS overhead is a major issue due to the need to accommodate both CRS of LTE Rel-8 and additional RS to support 8 Tx DL transmission in the same resource block (RB). 
· Subframe based partition scheme reserves subframe for LTE-A only.This scheme has simple UE signaling mechanism; however, it may result in inflexible scheduling, inefficient resource usage and long measuring and feedback delay. 
Proposals for CoMP RS can generally be classified into schemes reusing LTE Rel’8 CRS as CoMP RS [10]

 REF _Ref220995506 \r \h 
[11]

 REF _Ref221010932 \r \h 
[12] and schemes introducing new (dedicated) CoMP RS [9]

 REF _Ref220993891 \r \h 
[8]

 REF _Ref221010932 \r \h 
[12]. For schemes reusing LTE Rel’8 CRS as CoMP RS, collision of CRS and PDSCH RE due to different CRS frequency shifts of different cells has been identified as a major issue. Proposals to resolve the collision issue typically results in large RS overhead or performance degradation for PDSCH. For schemes introducing new (dedicated) CoMP RS, excessive RS overhead is also a major issue.
Discussions above illustrate the common problem of requiring CoMP and 8x8 DL MIMO be fully supported on primary component carriers – namely design complexity due to the backward compatibility requirement.. Component-carrier based partition based scheme seems a reasonable approach to get around the problem.
5 Conclusions
In this contribution, we discussed the classification of component carrier types and highlighted a major issue faced in designing LTE-A features such as DL 8x8 MIMO and CoMP, namely designing to ensure backward compatibility with LTE Rel-8 UEs whilst minimising the overhead and performance degradation on both LTE-A and LTE UEs. Assuming component carriers can be classified into the backward-compatible primary component carrier and non-backward compatible secondary component carrier, precluding the support of certain LTE-A features on the primary component carrier and only supporting the features on secondary component carrier effectively circumvent this problem and open the way for efficient and high-performance LTE-A design. 
We propose RAN1 to study component-carrier based partition of LTE-A features to meet the backward compatibility requirement and at the same time, keep LTE-A physical layer design simple, clean and efficient.
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