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1. Introduction
At RAN#58, the work item on “New carrier type for LTE” [1] was approved and aims in the first phase to continue the work on NCT aggregated with a legacy LTE carrier. 3GPP RAN further gave the guidance that the work should proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item.

The need for optimizing the new carrier type for synchronized scenarios received some attention during the Rel-11 NCT discussions. However, no conclusions were reached regarding to what extent optimized support should be provided for specifically synchronized scenarios before the NCT work had to be postponed to Rel-12. Therefore the assumption on the NCT operation on synchronized carriers is naturally one of the first topics to address in the new Rel-12 NCT WI. 
Regarding the synchronization assumption for the new carrier type, the following was agreed in RAN WG1 meeting #67 [2]:

Conclusion:

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 discussion continued in RAN1#68bis [3] with the following outcome:

Conclusion:

· Consider until RAN1#69 whether the synchronized carrier case as defined in RAN1#68 is an important case to be taken into account in the NCT design in Rel-11, e.g. with respect to optimisations such as non-presence of PSS/SSS etc. 

Several related contributions had been submitted to RAN1#69 on this issue, but due to a lack of time the discussion on synchronized new carrier types aggregated with a legacy LTE carrier did not take place. In this contribution we therefore present our general preferences with respect to new carrier type operation regarding synchronous carriers continuing at the point where the related discussions in RAN1 during Release 11 ended.
2. Discussion
Five carrier aggregation deployment scenarios have been defined in Annex J of TS36.300 V11.4.0 [4]. Each scenario has its special characteristics and implications if new carrier types are defined for and deployed in this scenario [5]. It is our understanding all of these scenarios should be supported by LTE NCT. However, the need for new carrier type optimizations depends greatly on what needs to be assumed for a given scenario. 

One important assumption, which limits how much common control channel overhead can be reduced, is how well SCells with new carrier type are synchronized with the corresponding PCell. As also indicated by the earlier RAN WG1 working assumptions, from the UE receiver point of view we can roughly divide scenarios into synchronous and asynchronous cases. 

Synchronous cases can be considered to be such that the UE does not need to perform cell identification of a SCell but instead all the necessary information to be able to access the SCell and also sufficiently accurate timing of the SCell is obtained through PCell. In this case it would be sufficient that the UE performs necessary time and frequency tracking and other necessary channel estimation related procedures for demodulation purposes on the SCell. 
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Figure 1. The five carrier aggregation deployment scenarios defined in TS36.300 V11.4.0

All other cases can be considered being asynchronous meaning that the UE needs to continuously search for and identify and measure a new candidate cell for SCell configuration and activation purposes before the UE can start using this cell for demodulation purposes and do time and frequency tracking and other normal channel estimation procedures.

Apart from the LTE CA scenario #1 in Figure 1 including inter-band operations provided that sufficient power balancing is done for cells on F1 and F2 and network ensures sufficient synchronicity over these two different bands, all other LTE CA scenarios 2-5 are typically asynchronous unless extra effort is put to the network for ensuring synchronicity and providing necessary information to the UE through the serving PCell. Furthermore, as pointed out in [6], whether the aggregated carriers can be assumed to be synchronous depends not only on the network configuration, but can also be UE specific. Therefore it seems that many of the most interesting carrier aggregation cases cannot be assumed to be synchronous. 
The main approach for optimizing NCT for synchronous case would be to further reduce the overhead from PSS/SSS. The PSS and SSS occupy two OFDM symbols on 6 PRBs in every 5th subframe. As a consequence, the overhead can be calculated as:
2 OFDM symbols  * 6 RBs / (5 subframes*14 OFDM symbols * [
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For e.g. 
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 = 100 (20 MHz system BW) the PSS/SSS overhead is just 0.17 % and for the worst case/highest overhead situation of a 1.4MHz system BW (
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 = 6) the PSS/SSS overhead is still just 2.8%, which is somewhat insignificant.
In order to limit the number of different new carrier types and differences in the way how new carrier types are deployed our recommendation is to focus in LTE Release-12 standardization on providing support for the new carrier type aggregated with a legacy LTE carrier assuming asynchronous carriers. Synchronous carriers can anyway be supported as special case of asynchronous carriers, without a need for further optimization. 

Proposal: Focus in LTE Release-12 standardization on providing support for the new carrier type aggregated with a legacy LTE carrier assuming asynchronous carriers and refrain from further synchronous carrier specific optimizations.  

3. Conclusions

In this contribution we have discussed the motivation and use cases for new carrier types assuming synchronous carriers. We observed that most of the CA scenarios are asynchronous by nature. Further observation is that as synchronous carriers can be seen as a special case of an asynchronous carrier, and standards support for the asynchronous scenarios means automatically that the synchronous scenarios are supported as well. Considering also the marginal additional overhead savings potential for synchronous scenario, we make the following proposal:

Proposal: Focus in LTE Release-12 standardization on providing support for the new carrier type aggregated with a legacy LTE carrier assuming asynchronous carriers and refrain from further synchronous carrier specific optimizations.  
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