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1 Introduction

In the RAN1#73 meeting, the scenarios and potential benefits of standalone NCT were discussed and the conclusions of the gains of S-NCT compared to NS-NCT as well as BCT were agreed as the following:
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
From the conclusions, it is consensus that the gains of S-NCT over NS-NCT are large when the proportion of non-CA-capable UEs is not small. However, the gains of S-NCT over BCT cannot be aligned among different companies. Therefore, aligned simulation assumptions for S-NCT over BCT were agreed in [1].
This contribution provides the further performance evaluation of S-NCT vs. BCT in the SCE scenario 1 and SCE scenario 2a. Firstly, comparison between agreed simulation assumptions and our simulation assumptions is given and several important simulation assumptions are discussed in Section 2. Then performance evaluations for S-NCT in comparison with BCT for SCE scenario 1 and 2a are individually provided in Section 3 and Section 4. At last, our observations from the simulation results and related proposal are summarized in Section 5.
2 Discussion on simulation assumptions

2.1 Comparison between agreed simulation assumptions and our simulation assumptions
In the following table, we compare our simulation assumptions with the agreed simulation assumptions [1]. 
	Parameters
	Values for S-NCT compared to BCT agreed in [1]
	Values in our simulation

	Scenario
	Scenario 1, Scenario 2a, macro only
	Scenario 1, Scenario 2a

	Schemes
	Both S-NCT and BCT are always on
Note: on/off schemes are applicable to both NCT and BCT, but are not part of this evaluation
	Both S-NCT and BCT are always on and no on/off scheme is used.

	Scheduler
	Proportional fair scheduler. 
One packet is scheduled only from one network node
	Proportional fair scheduler. One packet is scheduled only from one network node.

	Traffic load
	Resource utilization of {20%, 40%, 60%}
	Resource utilization is 20~60% and very low load (about 1%)

	Traffic model
	Non-full buffer traffic: FTP model 1
	FTP model 1 with 0.5MByte file size

	Cluster configuration
	1 cluster of 10 small cells per cluster
1 cluster of 4 small cells per cluster
	1 cluster of 10 small cells per cluster
1 cluster of 4 small cells per cluster

	CRS interference
	CRS interference on PDSCH is modeled in all scenario and follows Alt2 in R1-112856
	CRS interference on PDSCH is modeled in all scenario and follows Alt2 in R1-112856

	ABS with CRS-IC
	ABS with and without CRS-IC should be considered in scenario 1
	ABS with and without CRS-IC for scenario 1

	CRS overhead
	2 CRS ports on BCT, 
5 ms reduced CRS on NCT, 
Macro cell, cell_Ids: Planned
Small cell, cell_Ids: Details provided by each company
	2 CRS ports on BCT, 
5 ms reduced CRS on NCT, 
Macro cell, cell_Ids: Planned
Small cell, cell_Ids: Randomly generated.

	Number of MBSFN subframes configured
	Scheduling of PDSCH in MBSFN subframes on the BCT should be considered, with 0 and 6 MBSFN subframes per frame
	For BCT, both 0 and 6 MBSFN subframes per frame are configured. For 6 MBSFN case, its pattern is 0111001110 (FDD).

	Transmission mode
	SU-MIMO 2Tx/2Rx cross-pol TM10
	SU-MIMO 2Tx/2Rx cross-pol TM10

	Control channel overhead
	Modeling of PDCCH/EPDCCH overhead should be provided by companies. For USS, overhead depends on scheduling.
	BCT: assume 2 OFDM symbol overhead of control region
S-NCT: assume 2 OFDM symbol equivalent overhead of control region

	Backhaul
	Non-ideal backhaul
	Non-ideal backhaul

	Cell association
	For scenario 1 RSRP + bias of at least 6 dB and 9 dB should be simulated
For scenario 2a RSRQ + bias with realistic buffer Bias of 0 dB as baseline
	For scenario 1 RSRP + bias of 6 dB is simulated
For scenario 2a RSRQ + bias of 6 dB is simulated


2.2 Discussion on several detailed simulation assumptions
2.2.1 Modeling of CRS interference on PDSCH
In our simulation, CRS interference on PDSCH is modelled in all scenarios and follows Alt2 in [2]. For each code block, the average interference level over all relevant REs is computed, and this average is used as the noise level on each RE of the code block in effective SINR calculation. Different code blocks may therefore experience different average interference levels. If one of code block in the transport block failed to be received, the whole transport block should be re-transmitted.
2.2.2 CRS V-shift and assumption of generation of cell IDs
The generation of cell IDs in our simulation follows the most common planning scenarios, where cell IDs of macro cells are planned, and cell IDs of small cells are randomly generated. 
Cell ID planning between small cells and macro cells could be beneficial. It was argued that all the small cells in a cluster could use cell IDs with a different v_shift than the v_shift of the macro sector in which the cluster is located, which is useful especially for the common case where CRS of the macro cell are booster, while still using different cell IDs for interference randomization among the small cells in the cluster.

However, this is practically very challenging due to the potentially large number of small cells and due to the density of small cells, as well as the fact that certain small cells may be interfered by more than one or two macro cells. Therefore, it will in general be nearly impossible to determine the confines of a cluster and its overlapping macro sectors. Moreover, using the same v_shift among the small cells in the same cluster would increase the CRS-to-CRS interference, which will be detrimental to synchronization accuracy, RSRP/RSRQ measurement accuracy and channel estimation accuracy, especially in dense clusters.
2.2.3 EPDCCH overhead and performance
The overhead of control channels is assumed the same for both the BCT and the NCT in the simulations. This assumption is in fact pessimistic for the NCT.

In the UE-specific search space, the dynamic control overhead on EPDCCH would in general be smaller on the NCT than on the BCT. Firstly, more REs/PRB can be used on the NCT for one localized EPDCCH (due to starting OFDM symbol 0 and fewer CRS), therefore better exploiting frequency scheduling gain and beamforming gain than on the BCT. Secondly, NCT offers better means for interference avoidance among interfering cells since there is no interference from PDCCH, and no interference from CRS in most subframes. Even though ICIC would require blanking some resources in each cell, this allows the use of a smaller aggregation level for the EPDCCH.

Even in the common search space, i.e. the eCSS on the NCT, the performance of the EPDCCH would be better than on the BCT due to the larger number of REs/REG for the same aggregation level. While average 1~2 dB loss was observed for the distributed EPDCCH compared to the PDCCH on the BCT for small aggregation levels, that difference would be much reduced and potentially disappear on the NCT. In any case, the design of the eCSS on the NCT is an open issue, and the performance/overhead tradeoff of the eCSS should reasonably not target to be worse than the CSS using PDCCH. If necessary, transmission schemes that offer better spatial diversity, e.g. SFBC, could be introduced for the eCSS.
3 Performance evaluation of S-NCT vs. BCT in SCE scenario 1
In this section, system-level simulations are presented to evaluate the throughput gain of S-NCT over BCT with non-full buffer traffic in SCE scenario 1. The two cases below are considered:
	SCE scenario 1
	Macro cell
	Small cell

	Case 1-1 (B/B)
	BCT(f1)
	BCT(f1)

	Case 1-2 (S/S)
	S-NCT(f1)
	S-NCT(f1)


Note: B stands for BCT; S stands for S-NCT.
The performance gain of S-NCT over BCT observed in the evaluations is mainly expected from the following three points:

· Overhead reduction: the overhead of CRS in S-NCT is much less than that in BCT. 
· Interference reduction: the reduction of CRS in S-NCT reduces the inter-cell interference when no PDSCH is transmitted from the interfering cell(s). 
· Additionally, the interference and overhead reductions increase the data rate and decrease the resource utilization, which results in additional interference reduction for a fixed traffic load.

In the evaluation, for cell association, RSRP with bias of 6 dB are simulated. The interference from inter-cell CRS to PDSCH is modeled as described in section 2.2.1 and CRS-IC is modeled to reduce the CRS interference. ABS (Almost Blank Subframe) and CRE (Cell Range Expansion) are utilized to provide a reasonable baseline, where any backhaul can be used and the same configuration of ABS and CRE are assumed for BCT and S-NCT for fair comparison, as shown in Figure 1. The ABS pattern is chosen to ensure proper HARQ timing. Figure 1 shows an example where CRS of the macro cell and small cell do not collide, but there would be other small cells for which the CRS collide with the CRS of the macro cell, according to random cell ID planning in small cells.
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(a) Configuration of ABS and 0 MBSFN subframes in BCT
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(b) Configuration of ABS and 6 MBSFN subframes in BCT
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(c) Configuration of ABS in NCT


Figure 1 Configuration of ABS and MBSFN subframes in BCT and ABS in NCT

Figure 2 shows the performance gain of Case 1-2 over Case 1-1 with and without CRS-IC under low traffic load case. It can be observed from Figure 2 that the performance gains of S-NCT over BCT will increase if CRS-IC is not used compared to with CRS-IC case (λ is user arrival rate in FTP model 1).
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Figure 2 Performance gain of S-NCT over BCT with and without CRS-IC under low traffic load case in SCE scenario 1 (10 small cells per macro cell)

Figure 4 and Figure 4 show the performance gain of Case 1-2 over Case 1-1 with CRS-IC under different traffic loads and different MBSFN subframe configurations in SCE scenario 1. Figure 3 is for 4 small cells per macro cell case and Figure 4 is for 10 small cells per macro cell case. More detailed simulation assumptions can be found in Appendix 1.

 [image: image5.png]s000%

7000%

s000%

5000%

4000%

3000%

2000%

10.00%

SCE scenario 1

Zsmall cells per macro cell

=g UPT

mssupT

a2
with CRSIC
omaseN

a2
with CRSIC
smasEN




Figure 3 Performance gain of S-NCT over BCT with CRS-IC under different traffic loads and different MBSFN configurations in SCE scenario 1 (4 small cells per macro cell)
Resource utilization for 4 small cells per macro cell case is shown in the following table:
	RU

(with CRS-IC)
	λ=6

0 MBSFN subframe
	λ=6

6 MBSFN subframes
	λ=12

0 MBSFN subframe
	λ=12

6 MBSFN subframes

	BCT
	27%
	23%
	62%
	54%

	S-NCT
	15%
	38%


Note that there is no MBSFN subframe configuration for the NCT.
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Figure 4 Performance gain of S-NCT over BCT with CRS-IC under different traffic loads and different MBSFN configurations in SCE scenario 1 (10 small cells per macro cell)
Resource utilization for 10 small cells per macro cell case is shown in the following table:
	RU
(with CRS-IC)
	λ=9 

0 MBSFN subframe
	λ=9 

6 MBSFN subframes
	λ=18
0 MBSFN subframe
	λ=18
6 MBSFN subframes

	BCT
	23%
	20%
	55%
	48%

	S-NCT
	11%
	32%


Note that there is no MBSFN subframe configuration for the NCT.
Based on the simulation results shown in above, the followings are observed:
Observation 1: In SCE scenario 1, even when 6 MBSFN subframes are configured and CRS-IC is used, there are still significant performance gains of S-NCT over BCT.
Observation 2: In SCE scenario 1, following all of the agreed evaluation assumptions, the gain of S-NCT over BCT for medium traffic load is 70% gain for average UPT and 101% gain for 5% UPT when no MBSFN subframe is configured and CRS-IC is used, and 41% gain for average UPT and 56% gain for 5% UPT when 6 MBSFN subframes are configured and CRS-IC is used, thanks to reduction of both overhead and interference (10 small cells per macro cell).
In addition, we also provide the simulation results for very low load case in SCE scenario 1 in order to observe the performance gains of S-NCT over BCT when interference only comes from CRS and not from PDSCH. Therefore, the performance gains of S-NCT over BCT in this very low load case reflect the gains of a communication system almost without interference over a system with constant interference.
Figure 5 shows the performance gain of Case 1-2 over Case 1-1 without CRS-IC under very low traffic loads and 0 MBSFN subframe configuration in SCE scenario 1 for 4 small cells per macro cell case. More detailed simulation assumptions can be found in Appendix 1.
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Figure 5 Performance gain of S-NCT over BCT without CRS-IC under very low traffic loads and 0 MBSFN configurations in SCE scenario 1 (4 small cells per macro cell)
Resource utilization for very low traffic load case (4 small cells per macro cell) is shown in the following table:
	RU

(w/o CRS-IC)
	λ=0.24
0 MBSFN subframe

	BCT
	0.84%

	S-NCT
	0.34%


Observation 3: In SCE scenario 1, under very low traffic load case, the gain of S-NCT over BCT is 40% gain for average UPT and 153% gain for 5% UPT when no MBSFN subframe is configured and CRS-IC is not used, thanks to reduction of both overhead and interference (4 small cells per macro cell).

4 Performance evaluation of S-NCT vs. BCT in SCE scenario 2a

In this section, system-level simulations are presented to evaluate the throughput gain of S-NCT over BCT with non-full buffer traffic in SCE scenario 2a. The two cases below are considered:

	SCE scenario 2a
	Macro cell
	Small cell

	Case 2-1 (B/B)
	BCT(f1)
	BCT(f2)

	Case 2-2 (S/S)
	S-NCT(f1)
	S-NCT(f2)


Note: B stands for BCT; S stands for S-NCT.
The performance gain of S-NCT over BCT observed in the evaluations is mainly expected from the following three points:

· Overhead reduction: the overhead of CRS in S-NCT is much less than that in BCT. 
· Interference reduction: there is no interference between macro cell and small cell due to separated frequencies are used for them. But for S-NCT, the reduction of CRS reduces the inter-cell interference among macro cells or small cells when no PDSCH is transmitted from the interfering cell(s). 
· Additionally, the interference and overhead reductions increase the data rate and decrease the resource utilization, which results in additional interference reduction for a fixed traffic load.

In the evaluation, for cell association, RSRQ with bias of 6 dB are simulated. The interference from inter-cell CRS to PDSCH is modeled as described in section 2.2.1 and CRS-IC is modeled to reduce the CRS interference.
Figure 6 and Figure 7 show the performance gain of Case 2-2 over Case 2-1 with CRS-IC under different traffic loads and different MBSFN subframe configurations in SCE scenario 1. Figure 6 is for 4 small cells per macro cell case and Figure 7 is for 10 small cells per macro cell case. More detailed simulation assumptions can be found in Appendix 2.
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Figure 6 Performance gain of S-NCT over BCT with CRS-IC under different traffic loads and different MBSFN configurations in SCE scenario 2a (4 small cells per macro cell)
Resource utilization for 4 small cells per macro cell case is shown in the following table:
	RU

(with CRS-IC)
	λ=6

0 MBSFN subframe
	λ=6

6 MBSFN subframes
	λ=12

0 MBSFN subframe
	λ=12

6 MBSFN subframes

	BCT
	26%
	20%
	60%
	53%

	S-NCT
	14%
	39%


Note that there is no MBSFN subframe configuration for the NCT.
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Figure 7 Performance gain of S-NCT over BCT with CRS-IC under different traffic loads and different MBSFN configurations in SCE scenario 2a (10 small cells per macro cell)
Resource utilization for 10 small cells per macro cell case is shown in the following table:
	RU
(with CRS-IC)
	λ=9 

0 MBSFN subframe
	λ=9 

6 MBSFN subframes
	λ=18
0 MBSFN subframe
	λ=18
6 MBSFN subframes

	BCT
	23%
	19%
	54%
	47%

	S-NCT
	11%
	32%


Note that there is no MBSFN subframe configuration for the NCT.
Based on the simulation results shown in above, the followings are observed:
Observation 4: In SCE scenario 2a, even when 6 MBSFN subframes are configured and CRS-IC is used, there are still significant performance gains of S-NCT over BCT.
Observation 5: In SCE scenario 2a, following all of the agreed evaluation assumptions, the gain of S-NCT over BCT for medium traffic load is 64% gain for average UPT and 86% gain for 5% UPT when no MBSFN subframe is configured and CRS-IC is used, and 38% gain for average UPT and 46% gain for 5% UPT when 6 MBSFN subframes are configured and CRS-IC is used, thanks to reduction of both overhead and interference (10 small cells per macro cell).

5 Conclusion
This contribution provides system level simulations results for SCE scenario 1 and SCE scenario 2a, which demonstrated the expected gains of spectral efficiency thanks to lower overhead and lower interference with S-NCT.
Observation 1: In SCE scenario 1, even when 6 MBSFN subframes are configured and CRS-IC is used, there are still significant performance gains of S-NCT over BCT.
Observation 2: In SCE scenario 1, following all of the agreed evaluation assumptions, the gain of S-NCT over BCT for medium traffic load is 70% gain for average UPT and 101% gain for 5% UPT when no MBSFN subframe is configured and CRS-IC is used, and 41% gain for average UPT and 56% gain for 5% UPT when 6 MBSFN subframes are configured and CRS-IC is used, thanks to reduction of both overhead and interference (10 small cells per macro cell).
Observation 3: In SCE scenario 1, under very low traffic load case, the gain of S-NCT over BCT is 40% gain for average UPT and 153% gain for 5% UPT when no MBSFN subframe is configured and CRS-IC is not used, thanks to reduction of both overhead and interference (4 small cells per macro cell).

Observation 4: In SCE scenario 2a, even when 6 MBSFN subframes are configured and CRS-IC is used, there are still significant performance gains of S-NCT over BCT.
Observation 5: In SCE scenario 2a, following all of the agreed evaluation assumptions, the gain of S-NCT over BCT for medium traffic load is 64% gain for average UPT and 86% gain for 5% UPT when no MBSFN subframe is configured and CRS-IC is used, and 38% gain for average UPT and 46% gain for 5% UPT when 6 MBSFN subframes are configured and CRS-IC is used, thanks to reduction of both overhead and interference (10 small cells per macro cell).

In conclusion, the following is proposed:
Proposal: Standalone NCT should be specified in Rel-12.
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Appendix 1: simulation assumptions of SCE scenario 1
	Parameter
	Values used for evaluation

	Performance metrics
	Non full buffer traffic: UPT(User Perceived Throughput)
User Perceived throughput = amount of data (file size) / time needed to download data. Time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver.

	Deployment scenarios
	SCE scenario 1

	eNB Tx power (Ptotal)
	Macro cell: 46dBm, Small cell: 30dBm

	Number of Small cell cluster per Macro cell
	1

	Number of Small cell per cluster
	4 and 10

	System bandwidth
	10 MHz in FDD

	Possible transmission schemes in DL
	SU-MIMO

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 2 antennas, 1 column, cross-polarized: X


For UE: 2 antennas, 1 column, cross-polarized: X

	Antenna pattern
	Macro cell: 3D, Small cell: 2D

	eNB Antenna tilt
	12 degrees

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Periodic feedback with mode 2-1

Feedback period: 2ms

	Channel estimation
	Ideal

	Scheduling
	PF per cell

	ABS configuration
	50% subframes as ABS subframes

	Cell Range Expansion
	6dB

	DL overhead assumption
	BCT: 2 PDCCH symbol, 2 port CRS with 1ms period, CRS frequency shift is modeled. 12 REs for DM RS.

NCT: 0 PDCCH symbol, 1 port CRS with 5ms period, CRS frequency shift is modeled. 2 OFDM symbols equivalent overhead for EPDCCH. 12 REs for DM RS

	Traffic model
	FTP Model 1

	Rank adaptation
	Yes


Appendix 2: simulation assumptions of SCE scenario 2a

	Parameter
	Values used for evaluation

	Performance metrics
	Non full buffer traffic: UPT(User Perceived Throughput)
User Perceived throughput = amount of data (file size) / time needed to download data. Time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver.

	Deployment scenarios
	SCE scenario 2a

	eNB Tx power (Ptotal)
	Macro: 46dBm, Pico: 30dBm

	Number of Pico cluster per Macro cell
	1

	Number of Pico per cluster
	4 and 10

	System bandwidth
	10 MHz in FDD

	Possible transmission schemes in DL
	SU-MIMO

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 2 antennas, 1 column, cross-polarized: X


For UE: 2 antennas, 1 column, cross-polarized: X

	Antenna pattern
	Macro: 3D, Pico: 2D

	eNB Antenna tilt
	12 degrees.

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Periodic feedback with mode 2-1, 
Feedback period: 2ms

	Channel estimation
	Ideal

	Scheduling
	PF per cell

	DL overhead assumption
	BCT: 2 PDCCH symbol, 2 port CRS with 1ms period, CRS frequency shift is modeled. 12 REs for DM RS.

NCT: 0 PDCCH symbol, 1 port CRS with 5ms period, CRS frequency shift is modeled. 2 OFDM symbols equivalent overhead for EPDCCH. 12 REs for DM RS

	Traffic model
	FTP Model 1

	Rank adaptation
	Yes
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