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1 Introduction

RAN1 identified main motivations for introducing a new carrier type as [1]: 

· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency

and agreed the working assumption to 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, and associated with a backward compatible carrier [1]. In the last RAN1 meeting (RAN1#67), RAN1 further discussed the deployment scenarios and use cases for new carrier type, and made the following conclusion [2]:

In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver. 

The next step is to evaluate different design choices to satisfy the above top level requirements. However, it is much beneficial to consider the following aspects during the new carrier type design:

· Whether new carrier type should support backward compatible operation

· Whether new carrier type design should take into account possible standalone operation in the future    

In this contribution, we present our view on backward compatible operation, and propose some design consideration on new carrier type. 
2 Discussion

2.2 Backward compatible operation with new carrier types
The current working assumption is that new carrier type is associated with a backward compatible carrier. However, the working assumption does not preclude the backward compatible operation with new carrier type. Here, “backward compatible operation” means that Rel-10 CA capable UE shall be able to access new carrier type as “SCell” in Rel-11 network. In real deployment scenarios of Rel-11 network, there will not be many Rel-11 UEs capable of supporting new carrier type as SCell. If many UEs are not able to access the new carrier type, then system level benefits such as enhanced spectral efficiency and energy efficiency could not be realised in practice. Thus, supporting backward compatible operation in new carrier type is essential. This aspect was also raised in [3, 4]. 
Proposal 1: We suggest considering “backward compatible operation” with new carrier type, where Rel-10 CA capable UE shall be able to access new carrier type as SCell in Rel-11 network”.  

On the other hand, supporting “backward compatible operation” in new carrier type should not put much restriction on the design and operation of new carrier type. The following options could be considered for this “backward compatible operation”.  

· Option-1: Time division multiplexing (TDM) approach
· Option-2: Frequency division multiplexing (FDM) approach 

Option-1: Time division multiplexing (TDM) approach

In this approach, sub-frames are defined into two sets, i.e., the backward compatible ones and non-backward compatible ones, as proposed in [3]. This is shown in Figure 1. Although this approach is simple, there could be following issues depending on Rel-10 UE implementations as raised in [5].
· There may be issues with CRS-based time and frequency tracking and channel estimation, since Rel-10 UE implementation might assume the CRS is present in each sub-frame. 

· It might be hard to restrict the UE measurement to certain sub-frame subset, since Rel-10 UE implementation might assume the CRS is present in each sub-frame. 
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Figure 1: Time division multiplexing (TDM) approach for backward compatible operation 
Option-2: Frequency division multiplexing (FDM) approach

In this approach, middle part of the bandwidth is allocated for backward compatible operation as shown in Figure 2. Thus, Rel-10 UEs will be scheduled in this region by cross carrier scheduling. However, Rel-11 UE could access any part of the bandwidth, and they could be scheduled either by cross carrier scheduling or by E-PDCCH. It should be noted that system information for SCell is signalled to Rel-10 UE by RRC configuration. In the new carrier type, system bandwidth of SCell is to be configured to Rel-10 UE as equal to “Rel-10 accessible bandwidth part”, which is one of Rel-10 bandwidth UE supports. This helps Rel-10 UE on SCell restricts CRS usage within “Rel-10 accessible bandwidth part”. Otherwise, similar issue with TDM approach could be present in FDM approach as well.  

This approach also enables re-using existing mechanism in legacy carrier for time/frequency synchronization and tracking issues to new carrier type. Rel-10 accessible bandwidth part includes at least 6 PRBs. That means it contains PSS/SSS, and they could be used for time/frequency synchronization for any deployment scenarios of new carrier type. Further, CRS available in the Rel-10 accessible bandwidth part of the new carrier type could be used for time/frequency tracking with legacy algorithm. 

[image: image2.emf]Rel-10 accessible 

Bandwidth part

PCell

SCell

(New Carrier Type

Time

Frequency


Figure 2: Frequency division multiplexing (FDM) approach for backward compatible operation 
3 Conclusion

We presented our views on the design principle of new carrier types, and we propose further discussion in RAN1 based on the following proposal: 
Proposal 1: We suggest considering “backward compatible operation” with new carrier type, where Rel-10 CA capable UE shall be able to access new carrier type as SCell in Rel-11 network”.  
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