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1. Introduction
In RAN#58 meeting, WID for New Carrier Type (NCT) was updated as follows [1]:
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In this contribution, we present our view on the standalone NCT.
2. Discussion
2.1. Required functions for standalone NCT
It was decided that the benefits of standalone New Carrier Type (NCT) over those achieved from legacy LTE and from the carrier aggregated New Carrier Type will be studied during a first phase in New Carrier Type WI.
Even though the pattern of PSS/SSS and the periodicity and bandwidth of TRS have been discussed during Release 11 and 12 NCT discussions, the required functions for standalone NCT have not been discussed.
The overhead of physical channels other than PDSCH and the eNB power consumption could be one of the criteria to evaluate the benefits of standalone NCT. However, results could be different among the companies without sharing the assumptions of required functions for standalone NCT. 

Proposal 1:

The assumed functions of standalone NCT should be discussed and clarified to evaluate the benefit of standalone NCT before discussing the benefit of standalone NCT.
In order for an NCT to operate as a standalone NCT it should support PCell functionality. PCell functionality means that a UE can connect to NCT and the NCT is UE’s only serving cell. Support of PCell functionality requires support of initial access procedure [4] and related functionalities on NCT, or by handover procedure in which UE performs initial access on a legacy carrier and move to NCT after a handover procedure. Note that if a UE cannot connect to NCT through initial access, NCT is always operated together with legacy carrier type (LCT), which requires a UE to support carrier aggregation (CA), dual-connectivity (DC), or handover between LCT and NCT.
Observation: NCT cannot operate as standalone carrier if PCell functionality is not supported on NCT.
Observation: Single cell operation of NCT can be supported without support of initial access on NCT through support of handover between LCT and NCT, when UE performs initial access on LCT.

Observation: Standalone operation of NCT without any assistance or coverage of LCT requires support of initial access procedure on NCT.

Considering the above three observation we define the following options:

· Option 1: Rel-12 UE can perform an initial access procedure on NCT

· Option 2: Rel-12 UE cannot perform initial access procedure on NCT. UE can move to NCT from LCT after performing handover procedure between LCT and NCT.

· Option 3: Rel-12 UE recognizes NCT only as SCell.
Table 1 shows the required new functionalities for each option in terms of control signalling. For Option 1, it is necessary that UE receives Master Information Block (MIB), System Information Block (SIB), Paging and Random Access Response (RAR) on NCT. From the viewpoint of transmission/reception of MIB, Option 1 has relatively large impact on specifications. To be more specific, Option 1 requires introduction of new PBCH (EPBCH) and new initial access procedure using the EPBCH. In this case, Rel-12 UE may have to decode EPBCH on top of attempt for legacy PBCH. Another possibility is that EPBCH has exactly the same structure as legacy PBCH so that EPBCH can be demodulated by using reduced CRS in exactly the same way as legacy PBCH. In terms of SIB, Paging, and RAR support of EPDCCHs with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI is necessary. In other words, it is essential to introduce EPDCCH-CSS. However, since EPDCCH-USS has been specified in Rel-11 already, slight enhancement from Rel-11 EPDCCH is sufficient and the required standardization effort may be limited.
For Option 2, broadcasting of system information is not always needed since it can be reconfigured via dedicated signalling before expired. One exception is that for SI change. If it is assumed that eNB performs SI change on NCT, reception of MIB and SIB may be necessary. Regarding paging, UEs in RRC_IDLE do not camp to NCT in Option 2. Therefore, reception of paging is not necessary in this case. On the other hand, transmission/reception of RAR on NCT is needed since EPDCCH order has to be performed for the timing alignment purpose.
For Option 3, no new features on MIB, SIB and Paging reception are required to be introduced. For RAR, a random access preamble transmission in SCell has been introduced to achieve multiple Time Advance Groups (TAGs) operation as of Rel-11. However, Rel-11 random access procedure for SCell may not be applicable due to non-ideal backhaul assumption between macro and small cell nodes. Therefore, it is necessary to support EPDCCH with CRC scrambled by RA-RNTI so that an independent random access procedure for each node needs to be supported.
Table 1: Required new functionalities for NCT
	
	Proposed categorization
(i.e., Standalone or Non-standalone)
	Required new functions and procedures

	
	
	Reception of MIB on NCT 
	Reception of SIB on NCT 
	Reception of Paging on NCT
	Reception of RAR on NCT

	Option 1
	Standalone
	Need to introduce new PBCH and define new initial access procedure via the new PBCH.
	Need to support EPDCCH with CRC scrambled by SI-RNTI.
	Need to support EPDCCH with CRC scrambled by P-RNTI.
	Need to support EPDCCH with CRC scrambled by RA-RNTI.

	Option 2
	Non-standalone
	Unnecessary if reconfiguration is performed once every 3 hours [5] and unless SI change occurs.
	Unnecessary if reconfiguration is performed once every 3 hours and unless SI change occurs.
	Unnecessary unless SI change notifications are monitored on PCH.
	Need to support EPDCCH with CRC scrambled by RA-RNTI.

	Option 3
	Non-standalone
	Unnecessary.
	Unnecessary.
	Unnecessary.
	Need to support EPDCCH with CRC scrambled by RA-RNTI.


As shown in Figures 1-3, in Option 1 and Option 2, inter-band CA incapable UE can be connected to NCT. Thus, LCT macro node can offload data traffic of the UE to NCT small cell nodes. Therefore, UEs with Option 1 and Option 2 functions are useful in terms of data offloading. In contrast, UE with Option 3 functions CANNOT connect to NCT small cell on a different frequency band from the macro cell frequency band if a UE is incapable of inter-band CA. Thus, it is useful for offloading inter-band CA incapable UE’s data from macro cell to NCT small cell if the functions listed in Option 1 and 2 are supported in NW. 
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Figure 1: Rel-12 UE can perform an initial access procedure on NCT (Option 1)
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Figure 2: UE can move to NCT after a handover procedure (Option 2)
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Figure 3: UE recognizes NCT only as SCell (Option 3)

Furthermore, one of the target scenarios in [6] is “without macro coverage”. If required functions for “standalone” are assumed to be the same as the functions for the scenario “without macro coverage”, new functions listed in Option 2 are not enough to support standalone NCT. For example, UE cannot re-connect to NCT cell when UE is out of the LCT cell coverage and when RLF happens after HO.
The benefits and drawbacks of each option are summarized as follows:

· Option 1: Rel-12 UE can perform an initial access procedure on NCT.

· Pros

· Offloading data to NCT can be performed independently of inter-band CA capability.
· UE can directly contact NCT without passing through LCT.
· Cons

· Specification impact is relatively large due to new initial access procedure.
· Option 2: Rel-12 UE cannot perform an initial access procedure on NCT. UE can move to NCT through a handover procedure.

· Pros

· Offloading to data to NCT can be performed independently of inter-band CA capability.
· Specification impact is relatively small. To introduce EPDCCH order is sufficient.

· Cons

· UE has to access LCT when the link to NCT is to be established.
· UE cannot re-connect to NCT when UE is out of the LCT cell coverage and when RLF happens after HO.

· Option 3: UE cannot recognize NCT as PCell but just as SCell.

· Pros

· MIB, SIB and Paging reception on NCT have to be introduced.

· Cons

· It is only for inter-band CA capable UE that offloading to NCT is performed in a non co-channel deployment.
According to the above analysis, the following observations are made.
Observation:

· Taking into account the required functions for “without macro coverage” scenario in “Scenarios and requirements for small cell enhancements for E-UTRA and E-UTRAN”, at least functions listed in Option 1 in table 1 should be supported in the “standalone NCT” cell.

· If a NCT cell only supports the functions in Option 2 or 3 in table 1, it could be categorized in “non-standalone NCT” cell.
Proposal 2:

· Following functions and procedures for standalone NCT should be assumed in the evaluation of the benefit of standalone NCT. 

· Reception of MIB on NCT

· Reception of SIB on NCT

· Reception of Paging on NCT

· Reception of RAR on NCT

· New initial access procedure via the new PBCH
3. Conclusion

Based on the above discussion, Sharp proposes:

Proposal 1:

· The assumed functions of standalone NCT should be discussed and clarified to evaluate the benefit of standalone NCT before discussing the benefit of standalone NCT.
Proposal 2:

· Following functions and procedures for standalone NCT should be assumed in the evaluation of the benefit of standalone NCT.
· Reception of MIB on NCT

· Reception of SIB on NCT

· Reception of Paging on NCT

· Reception of RAR on NCT

· New initial access procedure via the new PBCH
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In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier. 


Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.


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 a second phase specify enhancements to the New Carrier Type also considering the findings of the small cell related Rel-12 studies (from RAN#61)


If justified by the evaluation, specify necessary means to allow standalone and macro-assisted operation on the New Carrier Type, including


A broadcast mechanism to acquire system information, a common search space for ePDCCH and UE mobility support.


If justified by the small cell related studies, specify necessary means to support a dual dormant / active state, which means DTX like eNB behaviour (with long DTX cycles) and corresponding UE procedures, with or without reduced CRS in the active state. Note that the dual dormant / active state can be specified for NCT aggregated with a legacy carrier and / or operating in a macro assisted mode even if the standalone carrier is not justified by the evaluation. 


Verify the suitability of the solutions specified in the first phase for the purposes of standalone New Carrier Type operations and small cells and update the necessary functionalities and signals if necessary.


Specify corresponding UE and eNB core requirements


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


Note that small cell related enhancements will include also non-NCT related solutions, which will be specified in other WIs.








