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1   Introduction
In RAN1# 67, the following conclusion was made –

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 this document, we provide our view on NCT operation for these scenarios, specifically focussing on the need for optimising NCT operation for synchronised scenarios. 
NCT in the document refers to the first phase new carrier type (i.e., New Carrier Type being aggregated with a legacy LTE carrier) as mentioned in [1].  
2   Discussion
NCT operation in unsynchronised scenarios
A key aspect of the unsynchronised scenario is that the UE is not able to acquire and maintain time/frequency synchronisation with a NCT carrier using signals transmitted on a legacy carrier aggregated with the NCT carrier. While the UE cannot obtain synchronisation information from legacy carrier signals, it is still expected to use the legacy carrier for receiving other NCT carrier related critical signalling such as system information before receiving data on the NCT carrier. The UE may also, in some cases, transmit/receive UL/DL Physical layer control channel signalling relevant to NCT carrier on the legacy carrier. 
To enable the UE to acquire and maintain time frequency synchronisation, RAN1 has agreed that the NCT carrier can carry a reduced CRS (R-CRS) port, i.e., an RS port consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence within 1 subframe with 5ms periodicity. The time/frequency tracking accuracy obtained from Reduced-CRS is expected to be similar or worse than (e.g., for smaller bandwidths [2]) the accuracy that is obtained from legacy CRS ports. RAN1 is currently awaiting inputs from RAN4 [3] on the synchronisation accuracy provided by the Reduced-CRS port and the suitability of Reduced-CRS for RRM measurements.

Deploying an unsynchronised NCT carrier instead of a legacy carrier (i.e., a carrier accessible to Rel 8/9/10/11 UEs) is expected to enhance spectral efficiency, improve HetNet performance, and provide energy efficiency gains. While RAN1 has not determined the quantitative gains for each of these metrics, unsynchronised NCT is expected to be useful for scenarios where legacy signalling cannot be supported, or for scenarios where the gain provided by NCT more than justifies not needing to support legacy UEs.
NCT operation in synchronised scenarios

A key motivation given for supporting NCT operation in synchronised scenarios is “Band-filling” [4], which refers to the aspect of “more fully utilizing the bandwidth that is allocated by the regulatory agencies in each country”. This aspect was also discussed in RAN1 (and RAN4) during Rel10 carrier aggregation discussions. 
LTE PHY design is flexible to support any transmission bandwidth configuration between 6 and 110 RBs. However, RAN4 performance requirements are defined for a fixed subset of transmission bandwidth configurations (i.e., 6, 15, 25, 50, 75, and 100 RBs) that were chosen to cover a majority of spectrum allocations with reasonable efficiency. For some spectrum allocations (e.g., 6 or 12 MHz channel bandwidth), using a transmission bandwidth configuration from the subset can lead to under-utilisation of small but non-negligible portions of spectrum. LTE Band 17 is one example. Several alternatives can be considered for more efficiently utilising such spectrum allocations. 
· Alt 1: Carrier aggregation with existing transmission bandwidth configurations, without any changes to existing physical control channels or signals.
· E.g., for Band 17, two
 DL carriers can be deployed; one with a transmission bandwidth configuration of 50RBs, and other with a transmission bandwidth configuration of 6 RBs. This improves bandwidth occupancy from 75% (9MHz of 12MHz) to 84% (10.08MHz of 12MHz) while maintaining backwards compatibility on all 56 RBs in the available spectrum. 
· Alt 2: Carrier aggregation with existing transmission bandwidth configurations, but one of the carriers (usually the carrier with smaller transmission bandwidth configuration) has NCT structure that was discussed in Rel11.
· E.g., for the Band 17 example given in Alt 1, the carrier with 6RB transmission bandwidth configuration can have an NCT structure instead of legacy structure. This results in same bandwidth occupancy as Alt 1 i.e., 84% (10.08MHz of 12MHz), but backwards compatibility  is maintained on only 50RBs. Potential spectral efficiency gains with NCT structure can be achieved on 6 RBs.
· Alt 3: Support a new transmission bandwidth configuration that fully covers the available spectrum, without any changes to existing physical control channels or signals. 

· E.g., for Band 17, the DL carrier can be deployed with a transmission bandwidth configuration of 60RBs. This results in a bandwidth occupancy of 90% (10.8MHz of 12MHz) which is on par with other better utilised LTE bands. However, since Rel 8/9/10/11 UEs cannot access any of the RBs in the available spectrum, this alternative is not desirable.
· Alt 4: Support a new transmission bandwidth configuration that fully covers the available spectrum. Also, support ‘carrier segments’ (as described in [5]) in RAN1 and RAN2 specifications.
· E.g., for Band 17, a DL carrier can be deployed such that legacy and Rel12 UEs can access the carrier using a transmission bandwidth configuration of 50 RBs. 10RBs can be appended to this carrier as a segment, and Rel12 UEs can receive PDSCH on both the legacy and segment portions in the same way that they would have received PDSCH on a carrier with a transmission bandwidth configuration of 60RBs. This results in a bandwidth occupancy of 90% (10.8MHz of 12MHz) while retaining backwards compatibility for 50RBs of the available spectrum. 
· Alt 5: Carrier Aggregation, but support a new transmission bandwidth configuration for one of the carriers. Legacy physical control channel and signal structure is maintained for both carriers.

· E.g., for Band 17, two DL carriers can be deployed; one with a transmission bandwidth configuration of 50RBs, and other with a transmission bandwidth configuration of 9 RBs. This results in a bandwidth occupancy of 89% (10.62MHz of 12MHz) while retaining backwards compatibility for 50RBs of the available spectrum. 
· Alt 6: Similar to Alt 5, but  the carrier with non-legacy transmission bandwidth configuration has NCT structure

· E.g., for the Band 17 example given in Alt5, the carrier with 9RB transmission bandwidth configuration can have an NCT structure instead of legacy structure. Potential spectral efficiency gains with NCT structure can be achieved on those 9 RBs.
We make the following observations after considering the above alternatives. 

1. All the alternatives considered require additional RAN4 work, i.e., RAN4 has to specify either an additional transmission bandwidth configuration, or an additional CA band combination that provides adequate bandwidth occupancy.
2. While Alt 1 may not allow maximum possible utilisation of available bandwidth, in many cases, it can improve bandwidth utilisation to some extent (for the Band 17 example, utilisation is improved from 75% to 84%).. However, operating a narrowband carrier in non-CA mode or, in CA mode without cross-carrier scheduling can be inefficient.

3. Considering Alt 2, if only the existing transmission bandwidth configurations are supported, using the NCT structure does not provide any advantage compared to legacy carrier from a band-filling perspective. Also, since the carrier used for band-filling typically has smaller bandwidth, the potential impact of using NCT can be quite small, in terms of improving the overall spectral efficiency across the channel bandwidth. 
a. Solely as an example, if we assume that the moving from legacy structure to NCT structure provides 5% spectral efficiency gain, then considering the example for band 17, the NCT gains are applicable to 6 RBs of the 56RBs (i.e., 11%) in the aggregated channel bandwidth configuration. Given this, the overall spectral efficiency across the channel bandwidth is improved by only 0.5 % ( = 1x1 + 1.05 x 0.11)/1.11 - 1 ).
4.  If RAN4 can support new transmission bandwidth configurations, then carrier segments facilitate better band- filling. The advantage provided by carrier segments is not so much due to overhead reduction (i.e., not due to removing CRS or PSS/SSS on the segment portion), but because segments allow a single Transport Block (TB) to be scheduled across the ‘legacy portion’ and the ‘segment portion’ of the extended transmission bandwidth configuration (with a single DCI), and resulting in reduced DL DCI overhead and associated UL control overhead as there is no need to support CA based ACK/NACK. 
3   Conclusions
Based on the discussion in the document, we conclude that optimising NCT operation for the synchronised scenario does not provide much gain unless new transmission bandwidth configurations are introduced and ‘carrier-segments’ are supported.
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� For Band 17, it is also possible to use more than two, e.g., four carriers each with a transmission bandwidth configuration of 15 RBs but we limit our discussion to the two CC case. 
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