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1 Introduction

Trade-offs regarding a use of a New Carrier Type (NCT) were considered in RAN1#73. The following were concluded:

· 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

A detailed analysis of the use cases, potential benefits, and the specification and implementation impacts of an NCT is given in [1]. This contribution serves as a companion contribution to [1] by providing throughput results to assess the benefits of S-NCT compared to a BCT in different deployment scenarios.  

2 Evaluation Assumptions
The deployment scenarios of interest are intended to investigate the potential spectral efficiency gains possible due to the introduction of an S-NCT compared to a BCT. 

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. Unless otherwise indicated, random cell-ID planning is assumed in order to determine the CRS offset between neighboring cells. No CRS interference cancellation is modeled.
Table 1: System-level simulation assumptions.
	Parameters
	Assumptions

	Scenario
	Macro Only, Scenario #1,Scenario #2a

	Number of macro sites
	7

	System bandwidth per carrier
	10 MHz

	Macro cell Tx Power
	46 dBm

	Small cell Tx Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4, 10

	Traffic model
	FTP Model 1 

	MBSFN Configuration
	0 or 6 MBSFN subframes per frame

	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.
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 highest loaded layer of 20%, 40%, and 60% are considered. 
3.1 Scenario #2a: 6 MBSFN subframes, Random CRS offsets
SCE Scenario #2a considers outdoor small cell deployments on a different carrier (in this case 3.5GHz) than 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 macro cells utilize the BCT in this scenario to provide service for legacy UEs which cannot be offloaded to the small cell carrier in the case of standalone NCT operation.

Figures 1 and 2 show the relative gain of utilizing an S-NCT over a BCT for a relatively low traffic load with 20% RU and with 4 and 10 small cells per cluster respectively. In all subsequent results in this section, DL control overhead differences between a BCT and an S-NCT are not accounted for. This is further analyzed in [1].
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Figure 1: Scenario #2a, 4 small cells/cluster, RU = 20%, random CRS offset, 6 MBSFN subframes.
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Figure 2: Scenario #2a, 10 small cells/cluster, RU = 20%, random CRS offset, 6 MBSFN subframes.
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 for the case of 4 small cells/cluster and 9% for 10 small cells/cluster, while users with peak throughput have gains which are ~1-2% 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. 
Next a moderate traffic load is considered with 40% RU is considered, and Figures 3 and 4 show the relative gain of utilizing an S-NCT over a BCT with 4 and 10 small cells/cluster respectively.
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Figure 3: Scenario #2a, 4 small cells/cluster, RU = 40%, random CRS offset, 6 MBSFN subframes.
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Figure 4: Scenario #2a, 10 small cells/cluster, RU = 40%, random CRS offset, 6 MBSFN subframes.
Similar trends are observed as in Figures 1 and 2 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.
Figures 5 and 6 consider the highest evaluated traffic load which results in an RU = 60% on the highest loaded layer with 4 and 10 small cells per cluster respectively.
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Figure 5: Scenario #2a, 4 small cells/cluster, RU = 60%, random CRS offset, 6 MBSFN subframes.
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Figure 6: Scenario #2a, 10 small cells/cluster, RU = 60%, random CRS offset, 6 MBSFN subframes.
From the results in Figures 1-6 some general observations of the relative performance of an S-NCT to a BCT can be made. The gain of S-NCT is higher at lower traffic loads where CRS interference is more dominant. For larger traffic loads, where any throughput gains are most meaningful, the gain of S-NCT over a BCT is limited to about 7% or less even in very dense deployments (10 cells per cluster). Again, no DL control signalling overhead differences were considered. The overhead reduction gain is the dominant factor for 4 small cells per cluster cases, and a roughly 40-50% of the gain for 10 small cells per cluster cases.

Interestingly, although the small cell density more than doubles between the two small cell deployment options, the relative S-NCT gain does not increase linearly with the deployment density. Several contributing reasons for this include that as the cluster become denser, the relative geometry of users to the serving cell improves and the increased interference is mitigated by exponential pathloss, minimum distance considerations, and adaptive modulation and coding which scales roughly with the log of the SINR.
Observation 1: The gains of an S-NCT compared to a BCT with random CRS offset and 6 MBSFN subframes per frame configured are 7% or less even for dense deployment scenarios and without considering DL control overhead differences between a BCT and an S-NCT.

3.2 Scenario #2a: 6 MBSFN subframes, no CRS offset

In this section, the same deployment scenarios are considered, but instead of a random CRS offset between neighboring cells, the CRS ports of all the cells are configured to fully overlap and there is no CRS interference on resources where user data is transmitted. Figures 7-12 provide the relative gain of S-NCT to NCT with RU = 20%, 40%, and 60% for 4 and 10 small cells per cluster.
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Figure 7: Scenario #2a, 4 small cells/cluster, RU = 20%, no CRS offset, 6 MBSFN subframes.
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Figure 8: Scenario #2a, 10 small cells/cluster, RU = 20%, no CRS offset, 6 MBSFN subframes.
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Figure 9: Scenario #2a, 4 small cells/cluster, RU = 40%, no CRS offset, 6 MBSFN subframes.
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Figure 10: Scenario #2a, 10 small cells/cluster, RU = 40%, no CRS offset, 6 MBSFN subframes.
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Figure 11: Scenario #2a, 4 small cells/cluster, RU = 60%, no CRS offset, 6 MBSFN subframes.
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Figure 12: Scenario #2a, 10 small cells/cluster, RU = 60%, no CRS offset, 6 MBSFN subframes.
The main observation to be made from these results is that because the CRS no longer interferes with the data channel, the only factor providing gain for the S-NCT over the BCT is the RS overhead reduction which is present and constant regardless of the deployment density or traffic load. Approximately 1% additional gain over the 4.3% overhead reduction is also observed which can be attributed to the slight reduction in interference as a result of S-NCT users leaving the system at a slightly faster rate compared to the BCT users.

Observation 2: Only gains from overhead reduction are fundamentally present in the comparison of an S-NCT to a BCT with 6 MBSFN subframes per frame and no CRS offset between cells.

3.3 Scenario #2a: 0 MBSFN subframes, Random CRS offsets
Based on the agreed simulation assumptions [2], 0 MBSFN subframes, instead of 6 MBSFN subframes as in the previous sections, is also a case to be simulated. Figures 13 and 14 show the relative gain of an S-NCT over a BCT in the case of 4 and 10 small cells per cluster for Scenario #2a with moderate RU = 40%.
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Figure 13: Scenario #2a, 4 small cells/cluster, RU = 40%, CRS offset, 0 MBSFN subframes.
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Figure 14: Scenario #2a, 10 small cells/cluster, RU = 40%, CRS offset, 0 MBSFN subframes.
As expected the relative gain is increased compared to the case of 6 MBSFN subframes due to the presence of CRS interference in all subframes (no CRS-IC is considered). However it should be noted that configuring 0 MBSFN subframes is not necessarily a relevant baseline as the main motivation would be to support CRS-based transmission modes which could not be supported in any case by an NCT. Additional results for different traffic loads and deployment densities are given in appendix A.
Observation 3: The maximum possible throughput gains of an S-NCT over a BCT, without considering DL control overhead differences, are between 10% and 20%.

3.4 Scenario #1: 6 MBSFN subframes, Random CRS offsets
Scenario #1 considers the same outdoor small cell topologies as Scenario #2a except that the small cells are deployed the same carrier as the macro cells. As a result S-NCT is utilized on both the small cells and macro cells. Additionally, a cell range extension (CRE) bias of 6 dB is applied to the small cells to increase the percentage of UEs which are offloaded from the macro cells to the small cells. Figures 15 and 16 show the relative gain of utilizing an S-NCT over a BCT for a relatively low traffic load with 20% RU and with 4 and 10 small cells per cluster respectively. 
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Figure 15: Scenario #1, 4 small cells/cluster, RU = 20%, random CRS offset, 6 MBSFN subframes, CRE = 6 dB.
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Figure 16: Scenario #1, 10 small cells/cluster, RU = 20%, random CRS offset, 6 MBSFN subframes, CRE = 6 dB.
Gains from S-NCT are observed from the overhead reduction and reduced CRS interference. Compared to Scenario #2a, S-NCT in Scenario #1 shows a range of 3-8% higher throughput over BCT depending on the deployment density. This can be attributed to the increased CRS interference due to the heterogeneous deployment of the cells as well as the increased number of small cell users with lower geometry due to the CRE bias. 

Next a moderate traffic load is considered with 40% RU is considered, and Figures 17 and 18 show the relative gain of utilizing an S-NCT over a BCT with 4 and 10 small cells/cluster respectively.
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Figure 17: Scenario #1, 4 small cells/cluster, RU = 40%, random CRS offset, 6 MBSFN subframes, CRE = 6 dB.
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Figure 18: Scenario #1, 10 small cells/cluster, RU = 40%, random CRS offset, 6 MBSFN subframes, CRE = 6 dB.
Similar trends are observed as in Figures 15 and 16 across the different user percentiles. As was the case in Scenario #2a, the overall gains of S-NCT are typically reduced several percent compared to the lowest load cases.
Finally, Figures 19 and 20 consider the highest evaluated traffic load which results in an RU = 60% on the highest loaded layer with 4 and 10 small cells per cluster respectively.
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Figure 19: Scenario #1, 4 small cells/cluster, RU = 60%, random CRS offset, 6 MBSFN subframes, CRE = 6 dB.
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Figure 20: Scenario #1, 10 small cells/cluster, RU = 60%, random CRS offset, 6 MBSFN subframes, CRE = 6 dB.
From the results in this section for Scenario #1 we note that the overall trend observed in Scenario #2a wherein the gains of S-NCT are greatest for edge users under low load conditions remain even the context of a heterogeneous macro/small cell deployment. Depending on the deployment density and traffic load the observed gains of a S-NCT over a BCT are 1.5-8.5%. 
In addition, it can be noted that while not part of the simulations presented, it is expected that dynamic ABS and scheduling along with implementing advanced CRS cancellation at the UE receiver would only reduce the relative gains of S-NCT, especially for edge and median users in comparison to a BCT utilizing already existing and optimized CRS interference management techniques.
Further results for Scenario #1 with 0 MBSFN subframes configured are given in the Appendix.

Observation 4: The gains of an S-NCT compared to a BCT in a heterogeneous deployment of macro and small cells on the same carrier range between 1.5% and 8% greater than those obtained on a small cell only deployment of S-NCT, depending on the deployment density and traffic load.
3.5 Macro only S-NCT deployments 
Figures 21-23 present the results of S-NCT relative throughput gains over a BCT with 6 MBSFN subframes configured for a macro only deployment for RU = 20%, 40%, and 60%. For these results, planning is applied with respect to the cell IDs and the respective CRS offsets.
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Figure 21: Macro only, RU = 20%, 6 MBSFN subframes.
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Figure 22: Macro only, RU = 40%, 6 MBSFN subframes.
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Figure 23: Macro only, RU = 60%, 6 MBSFN subframes.
From the figures it is observed that the largest gain is for 5% and 50% user throughput with relative gains of S-NCT ranging from approximately 9% to 7% at the lowest and highest loads respectively. The gain is reduced for the peak throughput, due to the 95th percentile users having more favourable geometries with reduced impact from the CRS interference of neighbouring cells. Overall the gains range from 6% to 9%, without taking into account any additional DL overhead which may be required for S-NCT [1].
Additional macro only simulation results with 0 MBSFN subframes configured are given in the Appendix.

Observation 5: In the case of a macro only S-NCT deployment, the observed gains relative to a BCT with 6 MBSFN subframes range from 6% to 9% depending on the traffic load.
3.6 Legacy UE / Rel-12 UE Deployments 
In the future as networks modernize to implement Rel-12 features, a significant portion of legacy UEs will remain and will not be able to benefit from deployments utilizing an S-NCT. Figure 24 characterizes the performance impact in a low-load scenario when a small fraction of 20% of UEs are randomly selected to be pre-Rel-12 compliant (legacy UEs) and are unable to be served by an S-NCT small cell layer. 
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Figure 24: User throughput gain for all UEs relative to a BCT in Scenario #2a with 20% Legacy UEs – 6 MBSFN subframes, random CRS offsets
From Figure 24, it is observed that the overall user throughput is degraded relative to the baseline even if a very small percentage of UEs in the network are legacy UEs. 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. 
Observation 6: 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.

3.7 DL control overhead considerations 
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 for DL control signalling on an S-NCT were not considered. Based on that, the results shown in the previous section should be considered as optimistic for the S-NCT. As analyzed in [1], a conservative estimate of the additional DL control overhead for an S-NCT relative to a BCT is about 10%. The reason is that an S-NCT will require about twice the resources for DL control signalling, such as for EPDCCH and P-BCH, and that an S-NCT will require adaptive PUSCH retransmissions or an EPHICH design that is less efficient than the PHICH one (e.g. [3, 4]). Possible additional overhead for RLM is not considered. 

Keeping in mind the 5-10% user throughput gains from S-NCT that are observed in typical scenarios, including this new DL control signalling overhead would greatly negate any gain and in many cases cause an overall throughput loss. Figure 25 illustrates the impact of 10% additional overhead in the case of Scenario #2a, 4 small cells per cluster, 6 MBSFN subframes, and random CRS offsets.
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Figure 25: Small cell user throughput loss in Scenario #2a with 10% additional overhead for the S-NCT.

Figure 25 shows that small cell user throughput with an S-NCT compared to a BCT incurs a performance loss instead of the gain illustrated in Figure 3. Since the relative gains of S-NCT are reduced as the traffic load increases, higher losses could be expected in S-NCT deployments with moderate to high load. 
Observation 7: Taking into account additional DL control overhead needed for an S-NCT compared to a BCT would negate the majority of the observed potential gains of an S-NCT and, in the typical scenarios, result in a relative reduction in user throughput.
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 gains of an S-NCT compared to a BCT with random CRS offsets and 6 MBSFN subframes per frame configured are 7% or less even for dense deployment scenarios and without considering DL control overhead differences between a BCT and an S-NCT.

Observation 2: Only gains from overhead reduction are fundamentally present in the comparison of an S-NCT to a BCT with 6 MBSFN subframes per frame and no CRS offset between cells.

Observation 3: The maximum possible throughput gains of an S-NCT over a BCT, without considering DL control overhead differences, are between 10% and 20%.

Observation 4: The gains of an S-NCT compared to a BCT in a heterogeneous deployment of macro and small cells on the same carrier range between 1.5% and 8% greater than those obtained on a small cell only deployment of S-NCT, depending on the deployment density and traffic load.
Observation 5: In the case of a macro only S-NCT deployment, the observed gains relative to a BCT with 6 MBSFN subframes range from 6% to 9% depending on the traffic load.
Observation 6: 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.

Observation 7: Taking into account additional DL control overhead needed for an S-NCT compared to a BCT would negate the majority of the observed potential gains of an S-NCT and, in the typical scenarios, result in a relative reduction in user throughput.
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Appendix A: Additional 0 MBSFN subframe results

This section provides additional results with 0 MBSFN subframes configured for macro only, Scenario #1 and #2a with 4 and 10 small cells/cluster, and RU = 20%, 40% and 60%.
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Figure 23: Scenario #2a, 4 small cells/cluster, RU = 20%, CRS offset, 0 MBSFN subframes.
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Figure 24: Scenario #2a, 10 small cells/cluster, RU = 20%, CRS offset, 0 MBSFN subframes.
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Figure 25: Scenario #2a, 4 small cells/cluster, RU = 60%, CRS offset, 0 MBSFN subframes.
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Figure 26: Scenario #2a, 10 small cells/cluster, RU = 60%, CRS offset, 0 MBSFN subframes.
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Figure 27: Scenario #1, 4 small cells/cluster, RU = 20%, CRS offset, 0 MBSFN subframes, CRE = 6 dB.
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Figure 28: Scenario #1, 10 small cells/cluster, RU = 20%, CRS offset, 0 MBSFN subframes, CRE = 6 dB.
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Figure 29: Scenario #1, 4 small cells/cluster, RU = 40%, CRS offset, 0 MBSFN subframes, CRE = 6 dB.
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Figure 30: Scenario #1, 10 small cells/cluster, RU = 40%, CRS offset, 0 MBSFN subframes, CRE = 6 dB.
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Figure 31: Scenario #1, 4 small cells/cluster, RU = 60%, CRS offset, 0 MBSFN subframes, CRE = 6 dB.
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Figure 32: Scenario #1, 10 small cells/cluster, RU = 60%, CRS offset, 0 MBSFN subframes, CRE = 6 dB.
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Figure 33: Macro only, RU = 20%, CRS offset, 0 MBSFN subframes.
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Figure 34: Macro only, RU = 40%, CRS offset, 0 MBSFN subframes.
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Figure 35: Macro only, RU = 60%, CRS offset, 0 MBSFN subframes.
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