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1. Introduction

The benefits of a standalone new carrier type (S-NCT) were extensively discussed at RAN1 #72bis meeting. There was no consensus on the need for an S-NCT in addition to specifying a SCell-NCT in Phase 1 of the NCT WI. It was agreed to further study the pros and cons of an S-NCT based on a set of metrics and also on the agreed deployment scenarios of the small cell enhancements SI (see [1] for a complete list of NCT evaluation criteria). 
In this contribution we first provide some background on the motivations for a new carrier type. Secondly, we evaluate the benefits of the NCT compared to a legacy or backward compatible carrier type (BCT) based on the criteria described in [1]. Considerations on energy efficiency are provided in a companion paper [2]. Finally, we summarize our findings and give some recommendations on how to proceed.

2. Background
Additional carrier types were first proposed during the LTE-Advanced study phase. Several flavors were discussed including extension carriers and carrier segments. During Rel-10 standardization, RAN4 finally concluded that no new carrier types would be specified in Rel-10. Additional carrier types were again proposed for LTE Rel-11 and in particular, an extension carrier – equivalently the Rel-12 NCT-SCell – wherein this carrier type continued the evolution from a cell-centric to a UE-centric design paradigm. It should be emphasized that during Rel-11 standardization the main selling points for NCT were

· An eNB may aggregate a non-backward-compatible carrier as a capacity booster. This carrier cannot be standalone but must be aggregated with a backward compatible carrier that provides the necessary control signaling and mobility handling procedures. 

· As a booster cell, it is obvious that essential channels and signals – mandatory for standalone operation – are now redundant on a booster cell and actually limit the achievable throughput. Consequently, it was agreed to remove CRS/PDCCH/PHICH/PCFICH from the NCT.
· Energy efficiency was also an additional merit of the NCT – although for CA this is only significant when different PAs are used for each carrier e.g. in inter-band CA.
The motivation for studying a standalone NCT in Rel-12 is that if there is general consensus on the benefits of an NCT then it should be readily applicable to all scenarios and not only for CA. While this argument seems fairly obvious, it should be emphasized that the NCT benefits are only significant in the context of eliminating essential channels and signals for CA operation. For standalone operation the cost-benefit tradeoff analysis must be redone since new channels and signals are now required.

3. Comparison of S-NCT and BCT
3.1. Spectral Efficiency 
The spectral efficiency gains of a NCT-SCell compared to a BCT-SCell is based on the following factors:

· A full complement of 144 REs is available in a PRB pair for EPDCCH in subframes not containing tracking RS and CSI-RS.
· PDSCH can be mapped starting from the first OFDM symbol (at least 7% gain over a BCT which has a minimum of 1 PDCCH symbol)
· Elimination of inter-cell CRS interference 
· It is assumed here that tracking RS does not cause significant inter-cell interference if it can be flexibly configured by a cell-specific frequency offset and a time-domain subframe offset. 

· Absence of PBCH and PDSCH containing SIB1

In contrast, for a standalone NCT some basic signals now have to be re-inserted to support standalone operation:

· A set of common RS for enhanced PBCH demodulation. 
· A set of distributed PRB pairs for CSS on EPDCCH

· If PMCH is supported, a new time/frequency domain mapping is required for EPDCCH [3]
Observation: the throughput gains of the S-NCT are reduced compared to a SCell-NCT once essential channels/signals are added.
3.2. Small Cell Scenarios
From a RAN perspective a general design principle should be that all LTE-capable UEs, regardless of release, should be able to access an LTE network. Equivalently, coverage holes should not be introduced by NCT deployment. Therefore, a NCT should only be deployed as a standalone carrier if there is a legacy carrier on a coverage layer (macro-assisted deployment). Based on this design principle a comparison of S-NCT and BCT for small cell scenarios is given in Table 1.
Table 1 Comparison of S-NCT and BCTfor SCE scenarios

	Scenario
	Macro
	Small cell
	Comments

	Small cell  scenario 1
(Co-channel)

	BCT
	NCT
	- This is not a useful scenario for non-ideal backhaul as it could create coverage holes for legacy UEs in the vicinity of the small cells. On the other hand with ideal backhaul this can be operated as CoMP Scenario 4

	
	NCT
	NCT
	- This scenario does not support legacy users. A fundamental question is whether there would be a time when all legacy users have been phased out? If not, a BCT should be deployed at the macro layer.


	
	NCT
	BCT
	- A BCT should be deployed on the macro. 



	Small cell  scenario 2

(2 carriers)
	BCT
	NCT
	- If ideal backhaul is available this can be operated as inter-node CA. 
- If non-ideal backhaul:

(1) S-NCT is optimized for the case of non-ideal backhaul. The small cells do not need to employ CA to enjoy the benefits of a NCT. Secondly, PUCCH can be configured for NCT-linked UL carrier in case of FDD.

(2) Dual connectivity can also work but this is dependent on the outcome of RAN2 studies. 


	
	NCT
	NCT
	- We don’t see a motivation for a scenario without support of legacy users. 



	
	NCT
	BCT
	- Macro should provide coverage for all users so BCT on macro is necessary. 



	Small cell  scenario 3

(1 carrier)

	-
	NCT
	- By definition this scenario is targeted for S-NCT. However, this is a very narrow use case as it only applies to UEs of R12 and beyond. 

	Macro only


	NCT
	-
	- S-NCT is applicable but this scenario is questionable since it does not support legacy users.


General observations

· The S-NCT is limited to scenarios where support for legacy UEs is not required. 
· This is also true for SCell-NCT but for this case legacy UEs can be supported on a PCell
· For small cell deployments with a single carrier, S-NCT does not require CA capability for Rel-12 UEs.

· Note that dual-connectivity is a complementary solution using backward compatible carriers  

Other evaluation criteria to consider include:

1) Load balancing:  an eNB controlling multiple inter-frequency cells can perform load balancing between cells without configuring CA. This is one limitation of the NCT if it is only deployed as a SCell because CA must be configured for PDSCH load balancing. Furthermore, load balancing cannot be performed on PUCCH since the PUCCH is only transmitted on the PCell. However, these issues can be handled by dual connectivity but this is still being investigated in RAN2.
2) Relative proportions of non-CA-capable UEs and/or pre-Rel-12 UEs: supporting CA and inter-band in particular, increases the UE cost/complexity. Therefore, CA should not be a prerequisite to enjoy the benefits of NCT. On the other hand providing ubiquitous coverage with the S-NCT is equivalent to a wireless technology migration (e.g. GSM/EDGE to WCDMA/HSPA) because it forces all UEs in the field to be upgraded to Rel-12. It should also be noted that by the time Rel-12 is deployed (2016 at the earliest) there would be an even larger number of pre-Rel-12 UEs in the field. Moreover, as shown in Table 1, NCT is confined to a very narrow use case (Scenario 3 in Table 1).  Therefore, it is more critical in our view to provide support for pre-Rel-12 UEs than it is to deploy NCT. 
4. Conclusion

This contribution has investigated the benefits of a standalone NCT compared to a legacy carrier type. We have the following observations/conclusions

· The NCT benefits may be appreciable when essential channels/signals are eliminated for CA deployment. The cost-benefit tradeoff analysis must be redone for standalone operation since enhanced versions of essential channels/signals are now mandatory.

· Although practically having the same benefits as the carrier aggregated version, a standalone NCT cannot support legacy UEs without the assistance of a backward compatible coverage layer 

· For small cell deployments with a single carrier, S-NCT does not require CA capability for Rel-12 UEs.

· For some het-net scenarios, dual-connectivity is a complementary solution using backward compatible carriers. 

· Therefore, consider awaiting RAN2 feedback on their small cell studies  

· It is more critical to provide support for pre-Rel-12 UEs than it is to deploy NCT. 
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