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1 Introduction

In RAN1#73 meeting, evaluation of benefits and identification of scenarios for standalone NCT are discussed and concluded as follows
· In scenarios where CA is relevant, the gains of S-NCT compared to NS-NCT depend on the proportion of CA-capable UEs and are large when the proportion of non-CA-capable UEs is not small
· Note that, although it is not directly part of the above comparison, some companies have shown that BCT has similar gain over NS-NCT in such scenarios
· In the absence of legacy UEs, the gains of S-NCT compared to BCT show a large spread between different companies 

· Study further
In this contribution, we provide our observations on evaluation results of the gains of standalone NCT over BCT under the case where there is no legacy UE. The detailed simulation assumptions are defined in [1] and appendix A.
2 Standalone NCT compared to BCT 
Distinctions of NCT compared to BCT could be represented by removing legacy control signaling and reducing reference signals. In these aspects, it is expected that applying NCT could mitigate interferences and improve spectral efficiency compared to BCT. In a similar manner, assigning MBSFN SFs on BCT could reduce interferences since MBSFN SFs has relatively smaller number of CRS symbols compared to non-MBSFN SFs. In this case, the level of interference reduction by applying NCT would depend on the number of MBSFN SFs on BCT. In that point of view, when we assume the absence of legacy UEs, the gain of standalone NCT compared to BCT could be evaluated by following scenarios: 

Reference: Macro BCT without MBSFN SFs + Small cell BCT without MBSFN SFs,

Case (a): Macro BCT without MBSFN SFs + Small cell S-NCT,

Case (b): Macro BCT with MBSFN SFs + Small cell BCT with MBSFN SFs,

Case (c): Macro BCT with MBSFN SFs + Small cell S-NCT,

Case (d): Macro S-NCT + Small cell S-NCT.

In this contribution, the number of MBSFN SFs over 10 SFs could be set to 0 or 6. 

Since cell-specific reference signals (so called tracking RS) on NCT would be transmitted every 5msec, the reduction ratio of interferences caused by reference signals on NCT would be 20% compared to BCT without MBSFN SFs. Meanwhile, applying MBSFN SFs on BCT would reduce the level of interferences caused by CRS into 55% with 2 antenna ports compared to BCT without MBSFN SFs. Furthermore, in case of NCT, legacy control signalling could be skipped or simplified. On the other hands, in BCT, the legacy control signalling would be still remaining even though MBSFN SFs are adopted. Therefore, in the perspective of interferences caused by reference signals and/or legacy control signalling, NCT seems to be more beneficial than BCT regardless of existence of MBSFN SFs. 
In this section, we compare the gains of the above four cases compared to reference case under small cell scenario #1 and scenario #2a as shown in Table 1-1 and Table 1-2. In case of scenario #2a, for fair comparison between NCT case and non-NCT case, we adjusted RSRQ bias to equalize the ratio of small cell UEs. The load levels used in scenarios are around 70% and %65% for Scenario #1 and Scenario #2a respectively. 
Table 1-1: UPT (User packet throughput) gain of four cases over reference: Scenario #1.
	Case
	Case (a)
	Case (b)
	Case (c)
	Case (d)

	Average UPT
	10.2%
	6.6%
	10.9%
	12.7%

	5%-tile UPT
	3.5%
	16.0%
	21.3%
	29.8%

	50%-tile UPT
	11.1%
	7.2%
	11.9%
	14.2%

	95%-tile UPT
	17.0%
	5.8%
	14.5%
	13.4%


Table 1-2: UPT gain of four cases over reference: Scenario #2a.
	Case
	Case (a)
	Case (b)
	Case (c)
	Case (d)

	Average UPT
	20.6%
	9.9%
	24.8%
	24.6%

	5%-tile UPT
	10.7%
	45.5%
	43.1%
	43.2%

	50%-tile UPT
	30.1%
	14.7%
	33.6%
	33.6%

	95%-tile UPT
	6.0%
	0.0%
	9.2%
	9.2%


As shown in Table 1-1 and Table 1-2, applying standalone NCT seems to be beneficial in terms of overall spectral efficiency under both scenario #1 and scenario #2a. In case of scenario #1, signals from macro cell layer is interpreted as interference by small cell layer, vice versa. Therefore, the effect of interference mitigation by applying standalone NCT and/or MBSFN SFs in scenario #1 may be relatively small compared to scenario #2a. In that point of view, our observation is as follows:
Observatoin1: Throughput gain of applying standalone NCT and/or MBSFN SFs in scenario #2a is much higher compared to scenario #1.
Among the four cases, only case (d) contains macro cell layer applying standalone NCT. In addition, the difference between case (d) and case (c) is just adopted carrier type on macro cell layer. Macro cell layer in case (c) applies MBSFN SFs instead of standalone NCT. However, stand-alone NCT macro cell may not achieve considerable performance gain compared to MBSFN SFs used as shown in Table 1-1 and Table 1-2. 
Observatoin2: Throughput gain of applying standalone NCT on macro cell layer seems to be marginal compared to small cell layer.

As mentioned earlier, this contribution focuses on the case of the absence of legacy UEs, but it would be natural for macro cell layer to support legacy UEs to prevent coverage hole. In other words, if applying standalone NCT on macro cell layer has no significant benefits, it seems quite reasonable that applying MBSFN SFs on macro cell layer instead of standalone NCT when possible. 
In terms of applying stand-alone NCT in small cell layer, evaluation results indicate that considerable performance gains can be achieved by employing S-NCT in small cell layer. Yet, specification impact may not be negligible. Moreover, when we consider small cell operations on CA or dual connectivity, macro-assisted NCT operation or SCell NCT operation in small cell layer would be more important than standalone NCT operation. In terms of potential benefit with NS-NCT compared to MBSFN SF, we can compare case (b) and (c) where the results clearly demonstrate noticeable performance gap between two options. Furthermore, NS-NCT would be more flexible to employ dynamic cell on/off features and other enhanced ICIC techniques for efficient small cell operations. Thus, we think that introducing NS-NCT still offers the benefit. In NS-NCT design, some aspects can be considered to allow various deployment scenarios where legacy UEs and non-CA capable UEs are present as follows:

(1) Lack of legacy UE support: our view is that if legacy UEs should be supported in small cell layer, small cell layer should consist of both legacy carrier and NCT. Thus, new carrier type design should consider the coexistence between new carrier type and legacy carrier type in the same frequency. 
(2) Non-CA capable UE support: macro-assisted NCT may be able to support advanced UE without CA capability.
Observatoin3: Throughput gain of applying standalone NCT on small cell layer seems to be significant compared to MBSFN SF option. Yet, it is questionable whether standalone NCT should be focused in Rel-12 due to time limit and impact on specification.

In summary, we think that macro-assisted or SCell NCT should be prioritized in Rel-12. The design of macro-assisted or SCell NCT should consider the coexistence with legacy carrier type and support on non-CA UEs. 
Proposal1: Prioritize macro-assisted or SCell NCT operation in Rel-12. 
3 Conclusion
In this contribution, we discuss the gain of standalone NCT in terms of user packet throughput under scenario #1 and scenario #2a. 

Our proposals are summarized as follows:

Observatoin1: Throughput gain of applying standalone NCT and/or MBSFN SFs in scenario #2a is much higher compared to scenario #1.
Observatoin2: Throughput gain of applying standalone NCT on macro cell layer seems to be marginal compared to small cell layer.

Observatoin3: Throughput gain of applying standalone NCT on small cell layer seems to be significant compared to MBSFN SF option. Yet, it is questionable whether standalone NCT should be focused in Rel-12 due to time limit and impact on specification.

According to the above observations, we propose:
Proposal1: Prioritize macro-assisted or SCell NCT operation in Rel-12. 

4 Reference
[1] R1-132849, “Merge of evaluation assumptions for small cell on/off and S-NCT,” Ericsson, ST-Ericsson, Huawei, HiSilicon. 
5 Appendix A
Table 2: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #1 , Scenario #2a

	ABS ratio for scenario #1
	0.2

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters 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
	For scenario 1
RSRP + bias (9 dB).
For scenario 2a
RSRQ + bias with realistic buffer.

	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

	CRS overhead
	Macro cell, cell_Ids: Planned,
Small cell, cell_Ids: Random.
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