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Discussion
1
Introduction

In September 2012 RANP#57, the R12 NCT work item was agreed [1]. Starting point for the R12 NCT WI are agreements and working assumptions reached in RAN1 during the R11 CA Enhancements WI.
When non-adjacent carriers or carriers in different bands are aggregated, the New Carrier Type needs to provide a proper synchronization signal for acquisition and time/frequency tracking. The same principle will later also apply for Phase II operation with NCT, i.e. standalone NCT. Unlike the unsynchronized case, when the NCT is aggregated with an adjacent legacy carrier in the same band, synchronisation can be provided through the legacy carrier. Signalling overhead can therefore be reduced when compared to the un-synchronised NCT case.

In RAN1#67, the following definitions were provided and a conclusion was reached with respect to the synchronization scenarios of the new carrier type [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.
In RAN1#68bis, different views on the design of the unsynchronized new carrier type were presented and the following agreements were reached for the operation of the unsynchronized new carriers [3]. Any optimization for the NCT synchronized case operation was left as FFS:

Agreement (at least for the unsynchronized case):

· 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

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 optimizations such as non-presence of PSS/SSS etc.

In this contribution, we provide our recommendation for the synchronised NCT case.
2
Discussion
For the unsynchronized new carrier type, it has been agreed that both PSS and SSS are transmitted. It has been agreed that NCT does not carry R8 CRS and will only provide a single CRS antenna port 0 signal re-using the R8 sequence in every 5th subframe. NCT will only provide DM-RS for demodulation purposes. Therefore, transmission modes 1-8 are not supported on NCT, and only the R10 TM9 and the new R11 TM10 are supported on NCT. EPDCCH can be transmitted on NCT.

As discussed in RAN1#68bis, any optimization for the case of synchronized NCT is mainly motivated by further improving the spectral efficiency when compared to the unsynchronized NCT case. Eliminating the DL reference signals would also result in other benefits such as improving the energy efficiency of the eNB on that carrier and reducing RS interference onto adjacent cells.

However, any potential optimization of the operation of synchronized NCT will also result in a different design for synchronized and unsynchronized NCT’s. It should not be underestimated that this translates into a more complex design and more standardization and testing efforts for both UE and network to cope with different NCT configurations.

The main question to address first is whether the benefits of such an optimization on top of the available NCT unsynchronized case would justify such an increased effort and design complexity.
A higher spectral efficiency for the synchronized NCT compared to the unsynchronized NCT could be achieved by removing the PSS and SSS from the synchronized NCT. However, PSS and SSS only occupy 2 OFDM symbols in the center 6 PRBs in one subframe out of every 5 subframes. The saving when not sending the PSS and SSS depends on the system bandwidth. The signaling overhead reduction is between 2.9% for 1.4 MHz BW and 0.2% for 20 MHz BW. Similarly, the elimination of the single CRS antenna port 0 signal in every 5th subframe does not provide meaningful benefits in terms of overhead reduction.
Some small energy savings on the NCT carrier may be achievable when not transmitting the few remaining DL signals on some time-domain OFDM symbols in 2 out of 10 DL subframes for the unsynchronized case when the cell traffic load is low. However, this is also possible for the unsynchronized case and to some extent left open to the eNB implementation. In terms of transmission activity in time-domain, transmitting the PSS/SSS and single port CRS is order of few percentage points only even for the unsynchronized NCT case. Overall, a much larger contributing factor to energy consumption maintaining an idle LTE carrier active is the number of required antenna ports and activated RF chains in the eNB for a given carrier. However, already in the unsynchronized NCT case significant savings are possible when compared to legacy R8 LTE carriers. Therefore, a further reduction in energy consumption cannot be a driving factor for the optimization of the synchronized NCT.
Similarly, we think that the elimination of the single port CRS every 5 subframes for the synchronized NCT case can not much improve the DL interference onto neighbor cells. When compared to legacy R8 LTE carriers, the presence of CRS in OFDM time-domain symbols is already dramatically reduced by more than a factor of 5 in time-domain. We think only marginal improvements are in reach.

In our view, there is no immediate need to further optimize the operation of the new carrier type for the synchronized NCT case.

Proposal 1
R12 NCT supports both synchronized and unsynchronized deployment cases through a single unified design based on the unsynchronised new carrier type.

3.
Conclusions and Recommendations

In this contribution, we discussed the synchronised NCT case and we provide our recommendation whether further optimization is required. Considering the small potential benefits of further optimizations for the synchronized NCT case and the advantage of benefiting from a single unified design, we recommend:
Proposal 1
R12 NCT supports both synchronized and unsynchronized deployment cases through a single unified design based on the unsynchronised new carrier type.
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