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1. Introduction

A new carrier type (NCT) shall be introduced in Release 12, and its defining characteristics are the absence or reduction of legacy common control channels and reference signals. Furthermore, the NCT can be classified as synchronized or unsynchronized. For the unsynchronized NCT, the PSS/SSS and a new RS (based on a 1-port CRS with 5ms periodicity) are used for initial time/frequency synchronization and time/frequency tracking respectively. In contrast, a synchronized NCT is one that is synchronized in time and frequency with a legacy carrier to the extent that no separate synchronization processing is needed in the receiver. Naturally, this raises the question of whether the PSS/SSS and tracking RS are needed on the synchronized NCT given that the main motivation of the NCT is reduced signaling overhead.
This document evaluates the benefits of removing the PSS/SSS and tracking RS on the synchronized NCT as opposed to keeping a unified design for synchronized and unsynchronized NCT. We also consider the benefits of a carrier segment, which can be viewed as a different class of the synchronized NCT.
2. Carrier aggregated synchronized NCT
For Phase 1 of the NCT WI [1], the NCT shall be aggregated with a legacy component carrier (CC). Furthermore, by definition, the synchronized NCT is only possible for intra-band CA. The possible benefits of removing PSS/SS and tracking RS on a synchronized NCT include:

· Reduced overhead (equivalently improved spectral efficiency)
· Improved energy efficiency

· Reduced inter-cell interference in HetNet scenarios

The tracking RS is equivalent to a 1-port CRS consisting of 8 REs in a subframe and a 5ms duty cycle. For the worst case scenario, where the tracking RS is transmitted over the entire system bandwidth, the overhead is only 0.95% for FDD, while for TDD the overhead depends on the UL-DL configuration (see e.g. [2] for the exact TDD overhead). The PSS/SSS overhead for FDD (144 REs per half-frame) is 2.86/1.14/0.69/0.34/0.23/0.17 % for system bandwidths of 1.4/3/5/10/15/20 MHz respectively.  Thus, it is questionable how much energy savings can be obtained by turning off these signals given their low duty cycles.

It has been proposed that removing PSS/SSS and tracking RS for the synchronized NCT potentially reduces inter-cell interference in HetNet scenarios. However, interference cancellation of the PSS/SSS could be effective since the synchronization sequences of different cells may be known to the UE. On the other hand the alternative is interference from data symbols at the REs previously occupied by PSS/SSS, which is random and much more difficult to suppress/cancel. 
Observations:

1) For Rel-11, intra-band CA is only defined for at least 10 MHz carriers, where the overhead of PSS/SSS is very small. Even if smaller bandwidths are later introduced by RAN, we believe that such CA cases may be in the minority and we do not need to optimize for them. Therefore, removing the negligible overhead of the PSS/SSS/tracking RS would not significantly improve DL spectral efficiency.
2) Secondly, it is questionable how much energy saving is possible by eliminating low duty-cycle PSS/SS and tracking RS.

3) PSS/SSS interference cancellation may be effective given their deterministic properties compared to interference suppression/cancellation of random data signals from neighbor cells. 
Proposal 1: maintain a unified design for synchronized and unsynchronized NCT.
3. Carrier Segments

A carrier segment is a different class of synchronized NCT and was first discussed during the Rel-10 standardization (see e.g. [3], [4]). ). Carrier segments can be used to aggregate small chunks of spectrum with regular LTE bandwidths for an efficient utilization of irregular spectrum allocations. A good example of an irregular spectrum allocation is described in [5] for a spectrum allocation of 2 x 6 MHz (FDD) in Block B of Band 17. Three deployment cases for 6MHz are shown in Figure 1 from [4].
· Case 1 (Figure 1a): a single 5MHz CC, which results in a waste of 1 MHz spectrum.

· Case 2 (Figure 1b): two 3 MHz CCs: this retains the spectrum efficiency of 90% per CC – 15 (PRBs) * 0.18 (MHz/PRB) / 3MHz. However, non-CA UEs do not enjoy the benefits of a 5MHz system. Secondly, this scenario results in inefficient DL control signalling per CC.

· Case 3 (Figure 1c): define a 5MHz CC + carrier segment that results in a total system bandwidth of 30 PRBs. This maintains the spectrum efficiency of 90% for a 6MHz allocation and also allows a single resource allocation of up to 30 PRBs with only one HARQ process.
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Figure 1 Bandwidth utilization scenarios
Just considering the use cases mentioned in [5] it is unclear just how many new system bandwidths RAN4 would need to define for all geographical regions. Therefore, we believe this is an issue for RAN4 to first agree to support before RAN1 can take any action.

Observation: while more efficient usage of spectrum is desirable it is highly unlikely that proposed bandwidth extension techniques would solve all cases of irregular spectrum holdings. Therefore, the feasibility and practical use cases for carrier segments should first be discussed in RAN4.

4. Conclusion

This contribution evaluated the benefits of removing the PSS/SSS and tracking RS on a synchronized NCT as opposed to a unified design for synchronized and unsynchronized NCT. We also considered the benefits of carrier segments as a different class of the synchronized NCT. Based on our analysis we propose
· RAN1 should maintain a unified design for synchronized and unsynchronized NCT.

· The feasibility and practical use cases for carrier segments should first be discussed in RAN4.
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