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1 Introduction
In RAN1#72bis, the scenarios and benefits of standalone NCT (S-NCT) were discussed, and the pros and cons of S-NCT were compared. However, further discussion on S-NCT is needed for the scenarios where the greatest benefits of S-NCT were claimed. In this contribution, we show our views on the benefits of NCT based on the evaluation results and discuss the design aspects for NCT.
2 Evaluation

System simulations based on the proposed SCE scenario 2a are performed, with four small cells per cluster and one small cell cluster per macro area. The packet arrival rate per macro area is 12.5. The detailed simulation parameters are listed in the Appendix. The following four cases are compared:

· Case 1: Both Macro and small cell are legacy carriers (LCT).
· Case 2: Macro is LCT, small cell is S-NCT, and all UEs are S-NCT capable.
· Case 3: Macro is LCT, small cell is NS-NCT, and all UEs are NS-NCT capable.
· Case 4: Macro is LCT, small cell is NCT, and no UE is NCT capable.
For cases 1 – 3, both macro and small cell can be used to transmit UE packets and each packet is transmitted either from the macro or from the small cell. For case 4, only macro cells can be used for packet transmission. It is noted that CA capability is not required for cases {1, 2, 4}, and CA capability is a must for case 3.
The simulation results in Figure 1 show that the performance of case 2 and case 3 is very close to each other. Both case 2 and case 3 can achieve around 4% cell average packet throughput over case 1. It is noted that the overhead of transmitting SIBs on PDSCH with case 3 is not modeled. However, with the low resource utilization as in this simulation, it is expected that such SIB transmission may not significantly impact the packet throughput. For case 4, since all packets are transmitted by the macro cells, the packet throughput decreases significantly compared to cases 1 – 3. 
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Figure 1: Packet throughput of all UEs
3 Design aspects for NCT
The design of NS-NCT shall mainly cover the following aspects:

· Transmission of synchronization signals

· Transmission of tracking reference signals

· RRM measurements

· Handling of collision between PSS/SSS and DMRS
Apart from the above main design aspects for NS-NCT, several other aspects for optimization can be considered including usage of TDD special subframes with 3 OFDM symbols, TBS extension, CSI-RS enhancement, transmission mode related optimization etc.

In essence, the above designs for NS-NCT are also needed for S-NCT. Therefore, it is highly beneficial to have common designs for non-standalone and standalone NCT. For S-NCT, the following additional aspects need to be discussed:

· System information acquisition

For PBCH transmission on NCT, the transmission scheme and associated antenna ports, as well as the time and frequency resource for PBCH on NCT, need to be agreed. For the system information mapped onto PDSCH, discussion is needed on whether the Rel-8 system acquisition procedure can be reused except that the DCIs with SI-RNTI (as well as P-RNTI and RA-RNTI) are transmitted on EPDCCH common search space and the corresponding PDSCH are transmitted on antenna ports belonging to {7, 8, …, 14}.

· Common search space for EPDCCH

EPDCCH common search space (CSS) is a necessity on NCT since Rel-8 CRS are not present.  In fact, EPDCCH CSS is also beneficial for small cell. The design of EPDCCH CSS shall include the frequency resource allocation, the definition of search space, etc.

In summary, non-standalone and standalone NCTs should maximally reuse the same design. The additional work required for S-NCT mainly focuses on system information acquisition and EPDCCH common search space. For system information acquisition, the Rel-8 procedure shall be maximally reused with minimum necessary changes.
Observation: The design aspects for NS-NCT are also needed for S-NCT. The additional work required for S-NCT mainly focuses on system information acquisition and EPDCCH CSS.
4 Conclusions
In this contribution, we discuss the benefits and design aspects of S-NCT. Basing on the evaluation results, it is observed that the benefit of NCT (including both non-standalone and standalone NCT) in terms of packet throughput may not be very high for Rel-12 small cell deployment scenarios. It is proposed to further evaluate the benefits of NCT. 
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6 Appendix
	Parameter
	Values

	Metric
	Packet throughput

	Traffic model
	FTP model 1

	Deployment scenario
	SCE scenario 2a, 1 cluster per macro cell, 4 small cells per cluster

	System bandwidth 
	10MHz at macro and 10MHz at small cell

	Combination of carriers
	Case 1: Macro LCT, small cell LCT, 100% UEs CA capable 
Case 2: Macro LCT, small cell S-NCT, 100% UEs S-NCT capable
Case 3: Macro LCT, small cell NS-NCT, 100% UEs NS-NCT capable
Case 4: Macro LCT, small cell NCT, 0% UEs NCT capable 

	Antenna configuration
	2 Tx, 2 Rx

	Overhead assumption
	Macro LCT:
· PDCCH: 2 OFDM symbol
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· MBSFN subframe: 6 subframes per radio frame
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
Small cell LCT: 
· PDCCH: 1 OFDM symbol
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· MBSFN subframe: 6 subframes per radio frame
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
Small cell S-NCT:
· EPDCCH: 4 PRB pairs
· PSS/SSS/PBCH: as in Rel-8
· CRS: 1 antenna port every 5ms, subframes {0, 5}
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
Small cell NS-NCT:
· EPDCCH: 4 PRB pairs
· PSS/SSS: as in Rel-8
· CRS: 1 antenna port every 5ms, subframes {0, 5}
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports

	Scheduling
	Each packet is either scheduled by macro or by small cell
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