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1. Introduction

At the RAN WG1 #73 meeting, the benefit of stand-alone new carrier types (S-NCTs) for small cell enhancement (SCE) scenarios were evaluated through simulation results [1]-[3]. The following were concluded.
Conclusions:

· 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 order to access further benefits and reach a consensus on the benefit of the S-NCT among companies, the evaluation assumptions were discussed and agreed in [4]. In this contribution, we discuss the gain of the S-NCT compared to the backward compatible carrier type (BCT) from the viewpoints of throughput performance, specification impact and applicable scenarios. We further provide our views on the potential for the NCT in Rel-12.
2. Performance Evaluation of S-NCT and BCT
2.1. Performance Evaluation
In this section, we compare the S-NCT and BCT based on system-level simulations. We consider that SCE scenario #2a/#2b is an attractive deployment scenario for the NCT where the macro cell layer applies the BCT and small cell layer applies the NCT [5]. Hence, we assume SCE scenario #2a for evaluation of the S-NCT and compare it with the BCT in the small cell layer. We note that the macro cell layer applies the BCT for both cases. Table AI in the Annex shows the simulation conditions that are based on [4]. The cell IDs in the small cell layer are randomly assigned to each small cell. The number of clusters per macro cell is set to one. RSRQ is used for cell association between the macro cell and small cell layers and the bias value for cell association is set to 6 dB so that resource utilization for the macro cell and small cell layers becomes almost the same. 
Tables I, II, and III show the UE throughput of the S-NCT and BCT for the arrival rate of = 8, 12, and 16 which approximately correspond to the resource utilization of 20, 40, and 60%, respectively. For the BCT, two configurations of zero and six MBSFN subframes are evaluated. We observe that the S-NCT exhibits higher UE throughput performance than the BCT of zero and six MBSFN subframes due to a lower level of CRS interference. Such reduction in the CRS interference improves the resource utilization and further reduces the interference from the PDSCH. This decrease in the PDSCH interference further raises the throughput performance of the S-NCT. We also note that the gain of the S-NCT decreases as the traffic load becomes higher because the dominant interference is due to the PDSCH rather than the CRS. The gain for 50% UE throughput of the S-NCT compared to BCT with 6 MBSFN subframes is 35.5 (17.4)% when = 8 (16). 
Table I – UE Throughput and Resource Utilization (= 8)
[image: image1.emf]5% UE throughput 50%UE throughput 95% UE throughput Resource utilization

Small Total Small Total Small Total Small Total

BCTwith 0MBSFN 

subframes

4.04 4.26 11.17  12.27  35.40  41.67  23.4% 23.6%

BCT with 6MBSFN 

subframes

5.52 5.71  14.42 15.25  42.40  46.60 20.0% 20.3%

NCT

7.18

(*30.1%)

7.41

(*29.8%) 

19.54

(*35.5%) 

20.19

(*32.4%) 

49.88

(*17.6%) 

51.71

(*11.0%) 

15.8% 16.0%

 
*Gain of NCT from BCT with 6 MBSFN subframes


Table II – UE Throughput and Resource Utilization (= 12)

[image: image2.emf]5% UE throughput 50%UE throughput95% UE throughput Resource utilization

Small Total Small Total Small Total Small Total

BCTwith 0MBSFN 

subframes

2.97  3.17 8.85 9.93  28.57  35.09  38.0% 38.5%

BCT with 6MBSFN 

subframes

3.60 3.80 10.50 11.37  34.20  39.26  34.9% 35.4%

NCT

4.72

(*31.1%)

4.94

(*30.0%) 

13.36

(*27.2%) 

13.95

(*22.7%) 

44.63

(*30.5%) 

46.60

(*18.7%) 

29.3% 30.0%


*Gain of NCT from BCT with 6 MBSFN subframes



Table II – UE Throughput and Resource Utilization (= 16)

[image: image3.emf]5% UE throughput 50%UE throughput 95% UE throughput Resource utilization

Small Total Small Total Small Total Small Total

BCTwith 0MBSFN 

subframes

1.81 1.93 6.19 6.97 20.66 25.50 56.2% 56.6%

BCT with 6MBSFN 

subframes

2.21 2.35 7.08 7.84 24.23 27.78 53.9% 54.4%

NCT

2.61

(*18.1%) 

2.80

(*19.1%) 

8.31

(*17.4%) 

9.05

(*15.4%) 

28.08

(*15.9%) 

32.52

(*17.1%) 

49.3% 49.9%


*Gain of NCT from BCT with 6 MBSFN subframes



2.2. Discussion
We observed some performance gains for the S-NCT over the BCT. However, the demerits to specifying S-NCT should also be taken into account. We have found the following demerits to the S-NCT so far.

· Applicable scenarios for the S-NCT
· We consider that SCE scenario 2a/2b is the most attractive scenario and we do not see a strong need for the S-NCT in other scenarios due to a loss of support for the legacy UEs. In SCE scenario 2a/2b, if a non-stand alone (NS)-NCT is used through dual connectivity, which is being discussed in RAN2, a similar or additional gain from the S-NCT would be expected (by removing the overhead and interference from common control channels). We also note that the small cell on/off exhibits a similar gain to the NCT [6]. Hence, the need for the S-NCT would not be clear at least in SCE scenario 2a/2b.
· Specification impact of S-NCT
· Initial cell selection mechanism for the standalone NCT should be established. This would necessitate specification effort on a common search space on the EPDCCH, and additional signalling of the system information. 
Considering the above disadvantages, we consider that the specification of dual connectivity should be prioritized in Rel-12 rather than the specification of the S-NCT since dual-connectivity is more important for the Rel-12 SCE scenarios. In the context of dual connectivity, a NS-NCT could be further discussed in Rel-12.

2.3. Way forward toward 2nd Phase of Rel-12 NCT 
In addition to the identified benefits of the NCT, i.e., interference avoidance and energy savings, further evaluations on the benefits are required to substantiate the need for the NCT. As we noted above, those benefits are mostly achieved by a small cell on/off scheme. Therefore, some other potential benefits of the NCT need to be provided.

· Facilitate cell planning in dense small cell deployment

· In the current NCT framework, cell identification is to be performed based on the PSS/SSS and cell planning efforts are needed in dense small cell deployment as discussed in efficient operation of SCE. If a dual connectivity or discovery signal is supported, cell planning would be simpler and the PSS/SSS is not necessary in the sense of cell identification.
· Facilitate introduction of future techniques such as massive MIMO

· If the NCT is specified in Rel-12, this would be utilized together with new technologies in future releases. For new technologies, enhancement of cell identification would be essential. For instance, it is doubtful if the PSS/SSS is appropriate for a massive MIMO since there would be a large discrepancy in coverage between the PDSCH and the current PSS/SSS. A common design for the NCT or discovery signal is highly desirable in the future network. Hence, it is worthwhile to investigate efficient discovery for the Rel-12 NCT simultaneously.
· Gain from dynamic load balancing and ICIC (small cell on/off)

· Compared to the semi-static coordination techniques such as small cell on/off, more gains in the throughput performance or effect of energy saving would be expected by applying dynamic coordination considering the instantaneous traffic load. For dynamic load balancing or ICIC, for example, a set of CSI processes would be configured such as CoMP operation. In this case, although several transmission points need to be measured, it is not clear that current measurement is sufficient in dense small cell deployment scenarios. In the second phase of the NCT, such gains from dynamic coordination techniques and related functionalities should be investigated taking into account efficient discovery and measurement.
Based on the above potential benefits of the NCT, our proposal for the 2nd phase work of NCT is as follows.

Proposal: A non-standalone NCT should be considered further together with dual connectivity and the discovery signal.
3. Conclusion
In this contribution, we presented evaluation results to compare the UE throughput performance for the S-NCT. It was confirmed that there are some performance gains from the S-NCT over BCT due to reduced CRS interference. However, considering some drawbacks such as the specification impact and limited usage scenarios for the S-NCT, it would be reasonable to continue working on a non-stand-alone NCT in the context of dual connectivity. Furthermore, we presented the potential gains from a non-stand alone NCT such as forward compatibility with new techniques and dynamic coordination. To achieve these in Rel-12, we propose the following. 
Proposal: A non-standalone NCT should be considered further together with dual connectivity and the discovery signal.
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Annex

Table AI.  Simulation Conditions

[image: image4.emf]Parameters Assumptions

Cell deployment  Hexagonal grid, 3 sectors per site, case 1;

Clusters uniformly random within macro geographical area; 

small cells uniformly random dropping within cluster area

System bandwidth  10 MHz

Carrier frequency  Macro: 2 GHz, Small: 3.5 GHz

Total BS TX power  Macro: 46 dBm, Small: 30 dBm

Distance-dependent path 

loss/penetration/shadowing

Macro: ITU UMawith 3D distance

Small: ITU UMiwith 3D distance 

Number of small cells 1 cluster per macro sector, 10 small cells per cluster

Traffic model, File size FTP traffic model 1,  0.5 Mbyte

UE distribution 2/3 uniformly random within clusters, 1/3 uniformly random 

within macro geographical area.

20% outdoor and 80% indoor

UE receiver WishartIRC

UE moving speed 3 km/h

Antenna configuration  2x2, CPA 

MIMO scheme Single point transmission with SU-MIMO, 

Rank adaptation up to rank 2

Control delay (Scheduling, AMC) 6 ms 

CSI-RS channel estimation Non-ideal 

Overhead  2 OFDM symbols for PDCCH 

DMRS (12 REs per RB) 

2 AP CRS for BCT in 4/10 MBSFN subframes

1 AP CRS for NCT in 0thand 5thsubframes
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