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1 Introduction
The work on a new carrier for LTE was postponed from Rel-11 to Rel-12 and a work item for a new carrier type in Rel-12 was approved in RAN #57 [1]. Work was split into two phases. In the first phase, a new carrier aggregated with a legacy LTE carrier is to be specified. In the second phase, enhancements to the new carrier type are to be specified including stand-alone operation and optimizations for small cells taking into consideration input from the small cell study item. The approved work item also states that the work in Rel-12 will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item.
During Rel-11 work, in RAN1 #67, the following conclusion was reached:

· 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. 
In RAN1#68bis, the following agreement was reached regarding reference symbols on the new carrier type [2]:
Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25} RBs
· configurable between full system BW and min(system BW, X)
Whether any design differences were needed for the case of synchronized carriers was left open for RAN1#69 but was not addressed before the postponement of the work to Rel-11. This paper addresses the design of the new carrier type for the synchronized case.

2 Synchronized Carriers
In RAN1#68bis, the possibility of using a design (including reference symbol configuration) for synchronized carriers that is different from the design for unsynchronized carriers was discussed. The proposed differences for the synchronized case focused on reducing reference symbols and other signals on the new carrier to an even greater extent than for the unsynchronized case. Most of the proposals called for elimination of the eSS (RS port) and the PSS/SSS on a synchronized new carrier. The main reasons presented for doing this may be summarized as follows:
1) Better spectral efficiency with reduced overhead

2) Improved performance in heterogeneous networks due to reduced RS interference

3) Improved energy efficiency

4) Support for new bandwidths with contiguous carrier bandwidth expansion

In the following, we consider each of these motivations. The current agreement for the new carrier for at least the unsynchronized carrier-aggregated case reduces the overhead due to the eSS to one-tenth that of the typical 2 CRS port case on a legacy carrier. The remaining overhead due to this signal is 0.95% (assuming the eSS is transmitted over the whole system bandwidth). The PSS/SSS occupies an overhead of another 2.86% for a 1.4 MHz carrier which decreases to only 0.34% for a 10 MHz carrier. Therefore, it seems that the overhead reduction that can be achieved by eliminating these signals is quite small for typical bandwidths. 
Performance improvements in heterogeneous networks due to reduced RS interference may be possible by reducing the RS even further as compared to the unsynchronized case. However, the performance improvement depends on the bandwidth of the RS port that is finally agreed upon with RAN4’s input. In addition, as discussed earlier, the CRS overhead on the legacy carrier has already been reduced by a factor of 10 on the new carrier for at least the unsynchronized case. Thus, any further improvement that may be achieved is a fraction of the improvement in performance already enabled by the use of the eSS on the new carrier.
Energy efficiency improvements that may result from the further reduction of signals on the new carrier are also similarly small. This is mainly due to the fact that an eNB consumes a significant degree of power even when nothing is being transmitted [3]. It should also be noted that an unsynchronized component new carrier can be deactivated when necessary thus allowing for similar energy efficiency benefits albeit with a slower transition time between the on and the off states. Finally, energy efficiency improvement of a synchronized new carrier could be negligible if both the legacy and new carrier are transmitted from the same PA since it cannot be turned off even if the new carrier has no transmissions on it.
Observation

· No significant gains can be achieved in spectral efficiency, energy efficiency and performance in heterogeneous networks by not transmitting any eSS or PSS/SSS on a synchronized NCT

In RAN1#66bis, the following was agreed:

Conclusion:

· From a RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are:
· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency
· It is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. 
Some solutions have been proposed to support contiguous bandwidth expansion with the new carrier type. It should be noted that even if the new carrier provides some flexibility on bandwidth occupancy, as per the above agreement, support for any particular channel bandwidth is not in the scope of discussions in RAN1. It is for RAN4 to ultimately decide which bandwidths are to be supported.
3 Benefits of a Unified Design
In the design for new carrier types, UE complexity should be taken into consideration. The maintenance of fine synchronization timing on one carrier based on the timing derived from another carrier depends on the implementation in the UE. There could be some UE implementations that depend on RS on the new carrier independent of the degree of synchronization between the carriers. The presence of any UEs in the cell that cannot derive fine timing from one carrier and apply it to the other forces the eNB to transmit RS on the new carrier as well so that all UEs may be able to operate on the carrier. RRM measurement procedures on the new carrier will also have to be different for the synchronized and unsynchronized cases if the synchronized new carrier does not carry any eSS or PSS/SSS. Moreover, it is not clear that RRM measurements based purely on the primary carrier will be fully sufficient.
Potential deployment scenarios for the design of carrier aggregation are listed in TS 36.300 [4]. It should be noted that out of the 5 scenarios shown in [4], the only scenario with the potential for further reduction of signals transmitted on a synchronized new carrier is in scenario 1 where the two carriers are co-located with the same coverage and are contiguous in the same band.

In general, the use of different configurations for the synchronized case versus the unsynchronized case comes with a cost in terms of UE and eNB implementation complexity. Different designs for the two cases in effect create two different non-backward compatible carrier types instead of one. It should be taken into consideration that a non-backward compatible design is a very large step and therefore design for it should be done with the utmost of care. Therefore, any potential benefits must also be considered against these costs. The lack of significant achievable benefits in spectral efficiency, energy efficiency and performance in heterogeneous networks weakens the motivation to create an additional design for the synchronized case given that the synchronized case applies only to a minority of scenarios and comes with increased implementation complexity in both the UE and the eNB.
Finally, new bandwidths on the NCT can potentially be achieved with a unified design where the PSS/SSS and eSS signals are transmitted on the new carrier in both synchronized and unsynchronized carrier aggregation modes. RAN1 specifications even for the legacy carrier have, in principle, been bandwidth agnostic. The same philosophy should be applied to the new carrier type as well. Flexibility to signal bandwidths other than the currently specified bandwidths can be provided in the RAN1 specifications for the new carrier and RAN4 can then decide which of the possible bandwidths should be supported. The advantage of using the ability to signal additional system bandwidths in this manner is that this information automatically configures all of the signals on the carrier without having to individually configure signals such as the eSS or the CSI-RS. As long as the total system bandwidth is sufficiently flexible from a RAN1 point of view, with more alternatives than the current set of six bandwidths for the new carrier type, the eSS can be present in the transmitted RBs and there is no significant benefit to further restrict its occupancy in frequency or eliminate it from a synchronized carrier. This approach of providing more possible bandwidths from a RAN1 point of view combined with additional possibilities due to carrier aggregation options, provides ample flexibility for LTE to serve future bandwidth needs in a flexible way. Also, this approach is a unified way to improve the bandwidth capabilities of LTE with the new carrier both for standalone and carrier aggregated operation in Rel-12. An example of providing increased flexibility on channel bandwidths in this manner is shown in Figure 1. It should be stressed however, that while RAN1 can provide such enabling mechanisms for a larger set of bandwidths, it is up to RAN4 to decide which ones will be eventually supported in practical deployments.
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Figure 1: A unified design for a new carrier type aggregated with a legacy carrier in synchronized and unsynchronized modes

4 Conclusions

The pros and cons of using a separate design for the synchronized carrier case were discussed.
· Proposal: Use a single unified design that supports the general case of an unsynchronized new carrier for all scenarios.
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