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1 Introduction

During RAN1#72bis the trade-offs and potential benefits of the introduction of a stand-alone New Carrier Type (S-NCT) were discussed. In order to further progress the following next steps were noted:

Next steps for RAN1#73:

· Discuss further the above pros and cons 

· Consider some scenarios where the greatest benefits of S-NCT are claimed, and in those scenarios assess the benefits of S-NCT w.r.t. BCT, and w.r.t. BCT+NS-NCT when applicable:

· SCE scenario 1 with non-ideal backhaul from small cells to macro

· (co-channel, so NS-NCT is not applicable)

· SCE scenario 2a with non-ideal backhaul from small cells to macro

· (macro coverage exists, but non-ideal backhaul presents challenges for NS-NCT)

· SCE scenario 3

· (macro-coverage non-existent so NS-NCT is not applicable)

· Macro-only scenario

· single carrier (NS-NCT not applicable)

· dual carrier CA

· Include consideration of:

· load balancing

· relative complexity for UEs to support CA vs NCT

· proportion of non-CA-capable UEs

· proportion of NCT-capable UEs

· handling of non-NCT-capable UEs

A detailed analysis of various trade-offs and potential specification impact are given in [1]. This contribution serves as a companion contribution to [1] by providing throughput results to assess the benefits of S-NCT in SCE scenario 2a.  

2 Evaluation Assumptions
SCE Scenario #2a considers outdoor small cell deployments on a different carrier (in this case 3.5GHz) as the macro cells (2 GHz). Another difference from prior HetNet studies is the clustered deployment of the small cells with one or two clusters of 4 or 10 small cells deployed within a radius of 50m and within a 70m hotzone radius for the UE dropping.

The deployment scenario of interest is the potential spectral efficiency gains possible due to the introduction of S-NCT for the small cell carrier compared to a BCT. The macro cells utilize the BCT in both cases to provide service for legacy UEs which cannot be offloaded to the small cell carrier in the case of standalone NCT operation.

The evaluations are based on assumptions listed in [2]. Specific parameters, including overhead assumptions for BCT and S-NCT are listed in Table 1. The primary difference between the S-NCT and BCT is the reduced CRS overhead, assuming the same design as NS-NCT, with 1-port tracking RS (TRS) in subframes 0 and 5. For the BCT, 6 out of 10 subframes are configured as MBSFN subframes.
Table 1: SE Gain of an NS-NCT relative to a BCT with 6 MBSFN Subframes and 2 CRS antenna ports.
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro sites
	7

	System bandwidth per carrier
	10 MHz

	Small cell Tx Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4

	UE speed
	3 km/h

	Traffic model
	FTP Model 1 

	CRS overhead assumptions
	BCT: 2 ports in 4/10 non-MBSFN subframes
S-NCT: 1 port in subframes 0 and 5

	
	


3 Evaluation Results
This section presents system simulation results comparing user throughput performance with either a BCT or an S-NCT deployed on the small cell layer.
The user throughput performance and relative gains are evaluated at the 5%, 50%, and 95% CDF points. Different traffic loads corresponding to resource utilization at the small cell layer of 15% and 30% are considered.
Figure 1 shows the relative gain of utilizing an S-NCT over a BCT for a relatively low traffic load with 15% RU on the small cell layer. 
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Figure 1: User throughput gain of an S-NCT relative to a BCT in SCE Scenario #2a with RU = 15%.
For UEs associated with small cells, gains from S-NCT are observed from the overhead reduction and reduced CRS interference due to the lower density of the CRS REs. Median throughput is approximately improved by 6% relative to the baseline while users with peak throughput have gains which are ~1.5% lower than users at the cell edge. It is noted that about 4.3% of the throughput gains are attributed to the smaller CRS overhead in an S-NCT. Moreover, overhead for common control signalling on an S-NCT was not modelled. This is further analyzed in [1]. 
When looking at the performance of both the macro and small cell layers combined, the spectral efficiency gains of S-NCT are still observed but on average reduced by ~1% overall.
Next a moderate traffic load is considered with 30% RU at the small cell layer, and Figure 2 shows the relative gain of utilizing an S-NCT over a BCT.
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Figure 2: User throughput gain of an S-NCT relative to a BCT in SCE Scenario #2a with RU = 30%.
Similar trends are observed as in Figure 1 for the small cell and combined layers. However, it is noted that the gains over the BCT baseline are approximately 0.5% lower due to the increased traffic load reducing the relative impact that CRS overhead and interference has on achievable user throughput.
Finally, in the future as networks modernize to implement Rel-12 features, a significant portion of legacy UEs is expected to remain and will not be able to benefit from deployments utilizing an S-NCT. Figure 3 characterizes the performance impact when 20% of the users are randomly selected to be pre-Rel-12 compliant (legacy UEs) and are unable to be served by the small cell layer if it uses an S-NCT. The traffic load is the same as in Figure 2 for a relative comparison.
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Figure 3: User throughput gain for all UEs relative to a BCT in SCE Scenario #2a with 20% Legacy UEs

From Figure 3, it is observed that the overall user throughput is significantly degraded relative to the baseline. In this case, fewer UEs obtain any benefit from S-NCT than previously. Additionally, due to the inability of legacy UEs to be offloaded to the small cells, very high congestion and interference is observed on the macro layer. As previously, additional overhead for common control signalling on an S-NCT is not considered (shown results are optimistic for the S-NCT).
From these results the following observations are made:

Observation 1: The user gains achievable with an S-NCT relative to a BCT decrease with increasing network traffic load. 

Observation 2: At low traffic load and without considering common control signaling, the largest user throughput gains provided by CRS reduction in an S-NCT relative to a BCT with 6 MBSFN subframes are ~6.0%.
Observation 3: When even a small percentage of total UEs in the network are legacy UEs, small cell deployments utilizing an S-NCT will suffer throughput performance losses.
4 Conclusions

This contribution evaluated the potential user throughput gains from the introduction of an S-NCT and the following observations were made:

Observation 1: The user gains achievable with an S-NCT relative to a BCT decrease with increasing network traffic load. 

Observation 2: At low traffic load and without considering common control signaling, the largest user throughput gains provided by CRS reduction in an S-NCT relative to a BCT with 6 MBSFN subframes are ~6.0%.
Observation 3: When even a small percentage of total UEs in the network are legacy UEs, small cell deployments utilizing an S-NCT will suffer throughput performance losses.
As further discussed in [1], small spectral efficiency gains are not the only consideration in justifying the introduction of S-NCT. Although the performance evaluation in this contribution was based on the RS design of NS-NCT, additional control and RS overhead considerations may further reduce or eliminate, even in the ideal operating scenario for an S-NCT that assumes complete absence of any legacy UEs in the network, the throughput gains which may be observed relative to a BCT.
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