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1. Introduction

In RAN1#72bis meeting, pros and cons of S-NCT were discussed. The observations are as follows [1]:
	· Benefits cited for S-NCT compared to NS-NCT:

· Throughput increase and load balancing in the presence of non-CA-capable UEs

· S-NCT can be PCell

· can support PUCCH offloading (but could be provided without S-NCT)

· S-NCT can provide the benefits of NCT (increased spectral efficiency (less than NS-NCT when compared with BCT), improved het net support, energy saving) in additional scenarios compared to NS-NCT, e.g.:

· non-ideal backhaul to the site hosting the BCT

· single carrier co-channel het net

· new frequency bands

· legacy carrier coverage holes (if legacy UE support is not required)

· S-NCT may be able to provide greater energy saving than NS-NCT (if legacy UE support is not required)

· Can avoid CA by using a single carrier of larger BW

· Can support MBMS for IDLE UEs

· Reasons cited against S-NCT

· Additional specification effort beyond what is needed for NS-NCT:

· DM-RS based PBCH (or TDM legacy and new subframes to enable existing PBCH to be reused)

· CSS on EPDCCH (but may be useful even without S-NCT)

· Mobility support for IDLE mode

· RLM

· Possibly EPHICH

· Benefits could be provided by other means, e.g. 

· macro-assisted NS-NCT

· details FFS (E///: macro-assisted NS-NCT may need S-NCT)

· eNB dormancy

· details FFS

· If S-NCT is used to replace both BCT and NS-NCT, no support for legacy UEs


In this contribution, we show our views on S-NCT functionality considering small cell deployment scenarios.

2. Required functionalities to support standalone NCT

In order to support standalone operation, the following functionalities are required [1].
· Reception of MIB information and system Information

· Paging

· Initial Access (including RAR)
· CSS

As discussed in [2], some functionalities would be required for NS-NCT such as random access response transmission (e.g. for NS-NCT on Scell with different TAG from Pcell when Scell and Pcell are inter-site and connected with non-ideal backhaul) and CSS (e.g. for RA-RNTI, TPC-RNTI or E-PHICH especially in case of dual connectivity with non-ideal backhaul), and configurability of these functionalities will help the flexible application of NCT.
Observation 1: at least some functionalities of standalone operation such as RAR transmission and CSS would be required for NS-NCT.
3. S–NCT considering SCE scenarios
As stated in WID [3], removing legacy control signalling and reference signals reduces the interference and improve the spectral efficiency. These aspects are more important for efficient small cell operations where interference level is relatively higher, specially in indoor scenarios and denser small cell deployment scenarios. Because of its benefit in greatly reducing interference which is crucial in dense small cell scenarios, applying NCT in small cell scenarios should be considered.
Our views on the NCT considering the SCE scenarios and macro only scenarios [4] are summarized as below.
Small cell scenario #1

	Macro
	Small cell
	

	BCT
	NCT
	Due to the co-channel, CA of macro and small cell cannot be supported.

- With ideal backhaul, Rel-11 CoMP technique can be used between BCT and NS-NCT. Thus, whether S-NCT is needed in this case is FFS. 
- With non-ideal backhaul, Rel-11 CoMP technique may not be directly applicable. Therefore, S-NCT or macro-assisted NS-NCT is required. Macro-assisted NS-NCT may not be feasible in this scenario for UEs not having good macro coverage. Thus, S-NCT should be considered to support this case. Coverage hole for legacy UEs due to the interference from non-backward compatible small cell carriers should be handled accordingly using (f)eICIC and other techniques to be effective.  

	NCT
	NCT
	To support this scenario, S-NCT is essential. To support legacy UEs as well, this option would be considered only with multi-carriers available in macro layer. In terms of supporting co-channel between macro and small cell layer, we consider this option is better than BCT/NCT option in above.

	NCT
	BCT
	We did not find a good use case for this option.


Small cell scenario #2
	Macro
	Small cell
	

	BCT
	NCT
	In our view, this case is the most practical and useful case to deploy NCT for data offloading.
S-NCT is beneficial for the offloading to small cell of non-CA capable UEs.

-Ideal backhaul: S-NCT is not essential for CA capable UEs
-Non-ideal backhaul: Without supporting S-NCT functionality, practical deployment of this case seems challenging even for the CA capable UEs to support efficient dual connectivity. More specifically, as mentioned in Section 2, some stand-alone functionality such as RAR and CSS should be supported in this case to support dual connectivity over non-ideal backhaul. 

	NCT
	NCT
	To support this scenario, S-NCT is essential. To support legacy UEs as well, this option would be considered only with multi-carriers available in macro layer.

	NCT
	BCT
	We did not find a good use case for this option.


Small cell scenario #3

	Macro
	Small cell
	

	-
	NCT
	To support this scenario, S-NCT is essential. If legacy UEs should be supported in this scenario as well, this case may be considered only when small cell layer has multi-carriers.


Macro only
	Macro
	Small cell
	

	NCT
	-
	If multi-carriers are available, both NS-NCT (as SCell with BCT Pcell) and S-NCT (as PCell) can be considered.

Otherwise, to support this scenario, S-NCT is essential. However, legacy UE cannot be supported.


Observation 2: to allow flexible use cases with deploying new carrier type in various scenarios, supporting stand-alone functionality should be considered. 
Proposal 1: considering applying new carrier type in small cell scenarios with non-ideal backhaul, at least new carrier type should support RAR transmission and CSS. 

4. Performance evaluation of standalone NCT
In this section, system simulation results are provided to compare benefits of NCT. We consider three cases of cell deployments under the SCE scenario#2a. We assume two carriers for Macro (F1) and Small Cell (F2), and three cases are considered depending on the carrier type of Small Cell. The detailed evaluation assumptions are listed in Annex.
· Case1: BCT(F1)_BCT(F2)

· Case2: BCT(F1)_NS-NCT(F2) 
· Case3: BCT(F1)_S-NCT(F2)

Table 1 presents the comparison between Case2 over Case1, assuming all UEs are CA-capable and all of Case2 UEs are NS-NCT-capable. Significant gain of Case2 over Case1 is shown, which is mainly achieved by mitigated interference owing to CRS removal on NCT.
Table 1: Throughput gain of Case2 over Case1
	              UE Tput
	Avg.
	5%
	50%
	95%

	Case 2 over Case 1
	37.55%
	6.91%
	40.76%
	23.53%


Observation 3: NCT shows significant gain over BCT.
Table 2 presents the comparison between Case3 over Case2, depending on the portion of CA-capable UEs. We assume all CA-capable UEs are NS-NCT-capable in Case2, and all UEs are S-NCT-capable in Case3. Table 2 shows significant gain of Case3 over Case2 when the number of CA-capable UEs is limited, where the portion of UEs who can be offloaded to NCT on Small Cell in Case2 is reduced while the portion in Case3 does not change. The gain is mainly caused by the different number of UEs of offloaded to NCT.
Table 2: Throughput gain of Case3 over Case2
	CA capable UE    UE Tput
	Avg.
	5%
	50%
	95%

	100%
	0.00%
	0.00%
	0.00%
	0.00%

	80%
	15.76%
	90.61%
	24.84%
	0.00%

	50%
	64.04%
	1141.67%
	277.06%
	0.00%


Observation 4: S-NCT shows significant gain over NS-NCT when the number of CA-capable UEs is limited.

Proposal 2: deploying new carrier type for efficient small cell operation should be considered and necessary functionality to support the deployment should be provided. 
5. Conclusion
This contribution discussed the benefits of NCT and functionalities to support standalone NCT. Our observations are as follows:
· Observation 1: at least some functionalities of standalone operation such as RAR transmission and CSS would be required for NS-NCT.
· Observation 2: to allow flexible use cases with deploying new carrier type in various scenarios, supporting stand-alone functionality should be considered. 

· Observation 3: NCT shows significant gain over BCT.
· Observation 4: S-NCT shows significant gain over NS-NCT when the number of CA-capable UEs is limited.

Based on the above observations, we propose:
· Proposal 1: considering applying new carrier type in small cell scenarios with non-ideal backhaul, at least new carrier type should support RAR transmission and CSS. 

· Proposal 2: deploying new carrier type for efficient small cell operation should be considered and necessary functionality to support the deployment should be provided. 
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Appendix A

Table A: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	Based on realistic RSRQ

	Scheduling
	PF

	Traffic model
	FTP Model 1 as in TR 36.814

	Arrival rate
	10

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, cross-polarized


















































































































































