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1. Introduction
In [1], two phases are defined for Rel-12 new carrier type (NCT), where the 2nd phase includes the standalone operation of the Rel-12 NCT. According to the work item definition, before the introduction of standalone NCT (SA-NCT) in Rel-12, there needs to be a justification step, i.e., 
· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type

In Section 2, we discuss the possible benefits and use cases of Rel-12 SA-NCT, and we summarize our observations in Section 3.
2. Motivations of NCT identified in Rel-11 WI
First of all, in our view the motivations of introducing Rel-12 NCT should be in-line with those identified and agreed during the Rel-11 NCT discussions. More specifically, the main motivations for NCT have been agreed in RAN1 #66bis meeting, i.e., 
•
Enhanced spectral efficiency

•
Improved support for heterogeneous networks
•
Energy efficiency

The spectral efficiency is enhanced essentially due to two aspects: First, the CRS overhead is reduced; for instance 2-port CRS have an overhead of about 14% which would be replaced with the minor overhead of reduced CRS. Second, CRS interference is also reduced which would bring additional gains at low traffic load. However, it should be noted that Rel-11 UEs may already be capable of cancelling two interferers’ CRS, which would offset the gains of NCT over legacy carriers, and therefore simulation evaluation would be needed to see the actual gains from reduced CRS interference when also CRS cancellers are considered.
Improved support of heterogeneous networks is mainly due to reduced interference on control channels and CRS. Again, CRS interference cancellation is already available, though some CRS interference from cells further away may remain. Anyway, EPDCCH was already specified in release 11 and supports frequency domain interference coordination. Hence improved support of heterogeneous networks seems to be mainly about introducing common search space on EPDCCH.

Network energy efficiency can be improved by minimizing the persistent signals such as CRS that the eNB needs to be transmitting constantly even when there is very low traffic or no traffic at all. Since only reduced CRS need to be transmitted on the NCT every 5 ms, NCT provides an improvement in this respect. On the other hand, it should be noted that also on legacy carriers 6 out of 10 subframes can be configured as MBSFN subframes which also reduces CRS transmissions. For evaluating network energy efficiency, in [2] a base station power model was provided. Using this model, network energy efficiency can be evaluated in case of zero traffic by calculating the power consumption due to persistent signals only. In Figure 1, we show the average power consumption that we obtained using the given model in case the eNB is transmitting only the persistent signals (zero traffic) in case of legacy carrier without MBSFN subframes, legacy carrier with MBSFN subframes (6/10) and NCT. This result is for a low power node with 30 dBm maximum output power. In this result the benefits in terms of energy efficiency are not very significant, however it is also noted that the conclusions seem to highly depend on how well an idle eNB (no transmissions) is optimized in terms of power consumption. In this evaluation we used the numerology provided in [2] for the eNB power consumption in idle mode.
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Figure 1. Average power consumption of a 30 dBm LPN in case of zero traffic.
In Table 1 below, we summarize the Phase 1 NCT (i.e., CA-based NCT, which is associated with a legacy carrier) and SA-NCT in terms of these agreed motivations. 
Table 1. On motivations of CA-based NCT and SA-NCT.

	Motivations
	CA-based NCT
	SA-NCT

	Enhanced spectrum efficiency
	· Single CRS port with reduced time density of 5ms periodicity, e.g., CRS overhead of 14% with 2 port Rel-8 CRS compared with 0.95% in Rel-12.
· Less CRS interference – benefits at low traffic load
	· CRS-free operation (to be investigated, e.g., frequency and time tracking based on CSI-RS, etc.)

	Improved support for HetNet
	· EPDCCH is used for enhanced interference coordination compared with PDCCH region
· Less interference to neighbouring cells due to reduced CRS – benefits at low traffic load
	· Common search space (CSS) in EPDCCH

	Energy efficiency
	· CRS is with 5ms periodicity and downlink transmissions can be muted in 4 out of 5 ms maximally
	· CRS-free operation, cell DTX (dual dormant / active state)


From Table 1, we can made the following observations
· Observation 1: Spectrum efficiency enhancement for SA-NCT is marginal given the CRS overhead for CA-based NCT is limited.
· Observation 2: EPDCCH CSS eliminates the need of a PDCCH region and provide support for system access, which gives extra benefits compared with CA-based NCT for HetNet support. 
· Observation 3: Benefits of NCT in terms of energy efficiency are highly dependent on idle eNB power consumption – with the numbers provided by network vendors in [2] the benefits seem limited.
3. Additional use cases of Rel-12 SA-NCT

NCT support for non-CA UEs

The benefits of CA-based NCT in Table 1 have a prerequisite that it needs to be associated with a legacy carrier. This basically means the utilization of such NCT is limited to cases where the network is operating in carrier aggregation and the UE has proper support for it. By providing separate access support from a Rel-12 SA-NCT, it is possible to serve Rel-12 non-CA UEs in a higher frequency for improved throughput, especially when the mobility is low and no frequent inter frequency handover is needed. 
Support of NCT-only deployments

Currently, as mentioned, NCT always needs to be associated with a legacy carrier, meaning from network deployment perspective that in order to utilize NCT on any carrier operators would need to deploy at least one legacy LTE carrier in their networks as a Pcell. SA-NCT would also enable the benefits of NCT for Pcells, and from that perspective it might be beneficial to migrate completely to NCT usage over time. Hence, in addition to providing NCT support for non-CA UEs, SA-NCT would also provide a possibility to deploy NCT-only LTE networks, and therefore also provide a network migration path to NCT-only deployments.
Other suitable deployment scenarios for Rel-12 SA-NCT
One typical use case of a CA-based NCT is when macro coverage is continuously available in a low frequency, so that small cells can be configured with NCT and only used as Scell for Rel-12 UEs. Such scenario is possible use case for SA-NCT as well, if the extra benefits in Table 1 can be justified after discussions. Furthermore, there are other suitable deployment scenarios for Rel-12 SA-NCT e.g. it allows further optimizations and can work separately even if macro coverage is unavailable. In [5] deep indoor deployment was mentioned as one possible use case for standalone operation. It is noted that for these specific cases, the existing LTE specification (e.g., up to LTE Rel-11) is of course applicable, but the discussions seem to focus on the possible benefits of SA-NCT compared with LTE carrier earlier than Rel-12. 
· Observation 4: For the specific deployment cases where macro coverage is unavailable, existing LTE system can be used to provide service, and the comparison is between Rel-12 SA-NCT and LTE carrier earlier than Rel-12.  
4. Conclusions
In this paper, we discussed on the possible benefits and use cases of Rel-12 SA-NCT, and we made the following observations
· Observation 1 Spectrum efficiency enhancement for SA-NCT is marginal given the CRS overhead for CA-based NCT is limited. 
· Observation 2 ePDCCH CSS eliminates the need of a PDCCH region and provide support for system access, which gives extra benefits compared with CA-based NCT for HetNet support. 

· Observation 3 Benefits of NCT in terms of energy efficiency are highly dependent on idle eNB power consumption – with the numbers provided by network vendors in [2] the benefits seem limited. 
· Observation 4 For the specific deployment cases where macro coverage is unavailable, existing LTE system can be used to provide service, and the comparison is between Rel-12 SA-NCT and LTE carrier earlier than Rel-12.  
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