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1
Introduction
At RAN#56, it was decided [2] that NCT would not be introduced in Rel-11 but instead, it would be introduced in Rel-12, according to the following procedure and schedule [1][2]:  
· ”Postpone New Carrier Type to Rel-12. 

· Agree in principle to approve a new Work Item at RAN#57 covering NCT, starting work in Oct or Nov 2012 depending on RAN1 workload.

· Justification section of WID should describe the intended use case(s)

· Details of WID to be finalised for RAN#57

· Work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item. 

· Completion of RAN1 aspects by e.g. RAN#60 (June 2013), enabling performance requirements to be completed in RAN4 in Rel-12 timeframe.” 

In order to progress the planned development of the NCT WI, we feel that a few clarifications are necessary and there should be a better understanding of the use cases and expected benefits of NCT. 
2
Discussion
In our view, the Rel-12 NCT design should not target an isolated feature but rather one that works well with the other Rel-12 features, such as small cells, booster cells, eIMTA, etc. 

2.1
Possible Rel-12 design options

Some of the main motivations for NCT were reducing energy use and reducing generated interference due to common reference signal transmission by partially loaded or unloaded cells.  Clearly the Rel-11 NCT design, which is also part of the NCT WI, is a step towards this goal; however, it achieves only moderate gains.  Another, and possibly more natural, alternative is simply to enable turning off signal transmission completely in unloaded cells.  This could be used in conjunction with the Rel-11 NCT design or used in itself.  This then gives the following schemes to consider: 

· Option 1: Reduced CRS (Rel-11 NCT),  (useful mainly in macro cells)
· Option 2: Dormant mode of unloaded cells, (useful in both small cells and macro cells)
· Option 3: Dormant mode of unloaded cells + Reduced CRS
In Figure 1, we give an illustration of the three options given above. 
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Figure 1 Illustration of NCT options
In Table 1, we give a high level comparison of the three schemes: 
	
	Reduced CRS regardless of loading (Rel-11 NCT)
	Dormant mode of unloaded cells
	Dormant mode of unloaded cells + Reduced CRS

	Interference reduction compared to Rel-10 (5MHz, with no MBSFN)
	80 % 1
	98 % 2
	98 %

	Energy reduction compared to Rel-10 (assuming 1ms On/Off granularity) 3
	80 %
	98 %
	98%

	Spectral efficiency gain (overhead reduction)
	Close to 0% since CRS is replaced with DM-RS
	0 %
	0 %

	Backward compatibility
	Full loss 4
	Partial loss 5
	Full loss 4

	1 Four out of five subframes don’t contain CRS
2 Assume cell detection signals equivalent to 20 CRS symbols transmitted once every 320 ms

3 Makes assumption that Tx circuitry is switched On/Off on a per subframe basis rather than on a per symbol basis

4 Rel-8-11 UEs are not able to get service in NCT

5 Rel-8-11 UEs can get service when the cell is active, although some mobility problems can be expected


Table 1  Comparison of alternative overhead reduction schemes  
We can observe, based on Table 1 that the achievable gain with dormant mode is potentially more significant than with reduced CRS. 
If dormant mode is supported, the further gain with additionally reduced CRS in a combined mode can be assumed to be meaningful only in a certain range of loading that might be more typical to macro deployments. We recognize that there are likely gains with the combined mode; however, those gains, and the limiatations of those gains, need to be evaluated with considering also the cost in full loss of backward compatibility. 
2.1.1

Comparison of Network Energy Saving WI and the proposed dormant mode
There have been techniques studied already for activating / deactivating cells based on traffic demand [4].  The main difference between this pre-existing study [4] and the dormant eNB mode discussed here is the more dynamic nature of the state transitions in the latter case.  State transitions between dormant mode and active mode could be performed on a time scale similar to TDD eIMTA state transitions. 
2.1.2

Required standards changes for the proposed dormant mode

When a dormant eNB state is introduced in addition to an active eNB state, the active state could be defined identical to backward compatible carriers. However, even in this case, this dual state eNB can be categorized as NCT, since legacy UEs were not designed to gracefully handle such eNB state transitions.  On the other hand, Rel-12 UEs should be able to operate in an NCT environment.  To this end, it is expected that some standards changes are required to support this new NCT mode, including for example: 
1. Defining UE requirements for handling frequent and abrupt state transitions by neighbor cells

2. Defining low duty cycle DL signals to be transmitted by dormant eNBs by which Rel-12 UEs can detect and identify them

3. Defining UE RRM procedures for dormant cell proximity detection and report by the UE   
3
Conclusions 
In this contribution, we discussed aspects of the Rel-12 NCT design.  The recommendations can be summarized as follows:   
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A dual dormant / active state eNB operation should be studied for Rel-12 NCT.  A reduced CRS component should be considered in addition, if the further achievable gains justify the full loss in backward compatibility. 


Rel-12 NCT should form a consistent package with other relevant Rel-12 features, such as small cells, booster cells, eIMTA, etc. This requires design flexibility to make necessary adaptations in Rel-12.  
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