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1 Background: Chairman’s notes
Recap: Conclusions from RAN1#73:

· 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

Possible conclusions:

· In the absence of legacy UEs, the gains of S-NCT compared to BCT are in the range …% (average & cell edge) in dense small cell scenarios with 6 MBSFN subframes on the BCT

· In Scenario 1

· In Scenario 2a

· 4 small cells

· 10 small cells

· low load

· high load

Havish to check all the contributions and provide the range of gains for each case. 

Havish to propose an intuitive explanation for the gains.

(Anyone else interested, provide input to Havish!)

Identify variation in gain with increasing load. 

Consider what further simulations would be useful to give better calibration between simulators and to better understand the results and help answer the question below, e.g.:

· common level of overhead

· common initial BLER operating point for HARQ

· common load levels for each layer (e.g. 100% utilisation and/or fixed lambda) – discuss details offline. 

· common synchronisation / CRS frequency shift handling

· others… discuss offline. 

Question is whether the gains justify breaking backward compatibility – especially if the majority of the gains only occur at low load. 

Havish to provide first draft by end of Tue - R1-133831 – revisit on Thursday. 

Further questions to consider (discuss offline): 

· what aspects of the evaluation of S-NCT are also relevant to NS-NCT?

· if we were to decide to standardise S-NCT, would we still need NS-NCT? 

Revisit this agenda item on Thursday. 

2 Summary of Performance evaluations
The following tables show a summary of some of the evaluation results presented by different companies. The baselines for the results summarized here are the following unless otherwise stated.

· CSO=0dB for Scenario 2a

· CSO=6dB for Scenario 1

· Scenario 1 without ABS and CRS-IC 

· Random CRS shift in small cells layer

· BCT with 6 MBSFN subframes

Table 1 shows the summary of evaluation results for Scenario 1 without ABS and CRC-IC while the results for Scenario 1 with ABS configuration and with or without CRS-IC are given in Table 2. In Table 3, the summary of evaluation results for Scenario 2a are presented where for the standalone NCT (S-NCT) case, S-NCT is assumed on both macro and small cells layers. This case is referred to as Alternative 1. Similarly, Table 4 contains the summary of evaluation results for Scenario 2a but for the S-NCT case, BCT is assumed on the Macro layer and S-NCT on the small cells layer, which is referred to as Alternative 2. Finally, Table 5 summarizes the available evaluation results for the Macro-only scenario. Note that the values for “low” and “high” loads in the tables are the lowest and highest loads available from each company. The load values refer to the load on the most loaded layer for the reference case where the BCT is used on all layers. The evaluation assumptions provided targets for this reference load to be 20%, 40% or 60%. The gain values shown in the tables below are computed at the same offered load for the compared cases.
Table 1: Evaluation results summary for Scenario 1 without ABS and CRS-IC

	Company
	#SC/Cluster
	4
	10
	Comment

	
	Load
	Low
	High
	Low
	High
	

	Ericsson,

ST-E


	Mean UTP  
	25
	27
	
	
	

	
	Cell-edge UTP
	50
	53
	
	
	

	Intel


	Mean UTP
	10.5
	5.7
	11.9
	12.6
	

	
	Cell-edge UTP
	14.1
	2.3
	10.2
	27.7
	

	Sharp
	Mean UTP
	48
	37.7
	49.3
	39
	

	
	Cell-edge UTP
	72.6
	77.8
	59.9
	61.1
	

	Samsung
	Median UTP
	10.5
	9
	16.1
	12.8
	

	
	Cell-edge UTP
	13
	11.2
	18.2
	14.1
	

	Ericsson

ST-E 
	Mean UTP
	18
	21
	
	
	Unshifted CRS

	
	Cell-edge UTP
	41
	42
	
	
	

	Intel
	Mean UTP
	9.6
	11.2
	11.8
	22.4
	CSO=9 dB

	
	Cell-edge UTP
	25.3
	15.1
	22.8
	46
	

	Sharp
	Mean UTP
	
	
	51.4
	36.3
	CSO=9dB

	
	Cell-edge UTP
	
	
	64.2
	72.3
	


Table 2: Evaluation results summary for Scenario 1 with ABS and with or w/o CRS-IC

	Company
	#SC/Cluster
	4
	10
	Comment

	
	Load
	Low
	High
	Low
	High
	

	ZTE
	Mean UTP  
	50.32
	54.55
	87.47
	53.20
	50% ABS

w CRS-IC

	
	Cell-edge UTP
	81.85
	18.14
	92.3
	30.83
	

	Huawei 

HiSilicon
	Mean UTP  
	35
	40.4
	51.2
	40.8
	50% ABS

w CRS-IC

	
	Cell-edge UTP
	35
	37.6
	54.5
	56.2
	

	Huawei 

HiSilicon
	Mean UTP  
	
	
	85
	
	50% ABS

w/o CRS-IC

	
	Cell-edge UTP
	
	
	95
	
	

	NEC
	Mean UTP
	8
	7
	
	
	50% ABS

w/o CRS-IC

CSO=6dB

	
	Cell-edge UTP
	18
	-10
	
	
	

	NEC
	Mean UTP
	8
	6
	
	
	50% ABS

w/o CRS-IC

CSO=9dB

	
	Cell-edge UTP
	23
	18
	
	
	

	LG
	Mean UTP
	
	
	
	5.7
	20% ABS w/o CRS-IC, CSO=9dB

	
	Cell-edge UTP
	
	
	
	11.9
	


Table 3: Evaluation results summary for Scenario 2a based on Alternative1
	Company
	#SC/cluster
	4
	10
	Comment

	
	Load
	Low
	High
	Low
	High
	

	Ericsson,

ST-E

	Mean UTP  
	21
	18
	27
	28
	

	
	Cell-edge UTP
	20
	38
	29
	33
	

	Huawei 

HiSilicon
	Mean UTP  
	26.9
	29.7
	43.9
	38.3
	

	
	Cell-edge UTP
	35.1
	40.1
	41.9
	45.8
	

	CATT
	Mean UTP
	4
	8
	
	
	

	
	Cell-edge UTP
	3
	11
	
	
	

	NEC
	Mean UTP
	2
	5
	
	
	

	
	Cell-edge UTP
	6
	26
	
	
	

	LG
	Mean UTP
	
	
	
	13.3
	

	
	Cell-edge UTP
	
	
	
	-1.5
	

	Sharp
	Mean UTP
	43.9
	39.4
	 -
	48.5
	

	
	Cell-edge UTP
	79.5
	109.4
	-
	87.3
	

	NSN, Nokia
	Mean UTP
	10.6
	7.97
	12.98
	11.24
	

	
	Cell-edge UTP
	12.17
	2.03
	26.98
	1.28
	

	NSN, Nokia
	Mean UTP
	5.99
	4.16
	5.31
	2.95
	CRS APs 1 (Evaluation assumptions state 2 CRS ports)

	
	Cell-edge UTP
	10.54
	10.17
	13.13
	-6.48
	

	Motorola
	Mean UTP
	8
	7
	
	
	Same number of available PDSCH REs for BCT and S-NCT

	
	Cell-edge UTP
	4
	13
	
	
	

	Ericsson,

ST-E
	Mean UTP  
	17
	11
	15
	16
	Unshifted CRS

	
	Cell-edge UTP
	27
	26
	21
	38
	

	Sharp
	Mean UTP
	
	
	-
	48.5
	CSO=6dB

	
	Cell-edge UTP
	
	
	-
	73.8
	

	ZTE 
	Mean UTP
	8.73
	9.65
	9.46
	11.47
	CSO=9 dB

	
	Cell-edge UTP
	13.97
	9.16
	14.17
	16.32
	


Table 4: Evaluation results summary for Scenario 2a based on Alternative 2

	Company
	#SC/cluster
	4
	10
	Comment

	
	load
	Low
	High
	Low
	High
	

	Intel


	Mean UTP
	7.9
	12.9
	9.8
	15.2
	 

	
	Cell-edge UTP
	4.4
	12.1
	15.8
	19.3
	

	TI
	Mean UTP
	
	
	
	8.31

(Macro)

0.91

(SC)
	

	
	Cell-edge UTP
	
	
	
	8.98

(Macro)

-3.04

 (SC)
	

	Panasonic
	Median UTP
	4.8
	2.6
	
	
	

	
	Cell-edge UTP
	
	
	
	
	

	Samsung
	Median UTP
	5.8
	5
	9
	7.2
	

	
	Cell-edge UTP
	6.2
	5.2
	9.52
	7.5
	

	Samsung
	Median UTP
	5
	4.6
	5.1
	4.9
	Unshifted CRS

	
	Cell-edge UTP
	5.2
	4.8
	5.2
	5
	

	DCM
	Mean UTP
	
	
	32.4
	15.4
	CSO=6dB

	
	Cell-edge UTP
	
	
	29.8
	19.1
	


Table 5: Evaluation results summary for Macro-only scenario

	Company
	load
	Low
	High
	Comment

	Ericsson,

ST-E
	Mean UTP
	29
	28
	

	
	Cell-edge UTP
	26
	27
	

	CATT
	Mean UTP
	9
	18
	

	
	Cell-edge UTP
	10
	15
	

	NSN, Nokia
	Median UTP
	13
	7
	

	
	Cell-edge UTP
	15
	6
	

	NEC
	Mean UTP
	5
	10
	

	
	Cell-edge UTP
	8
	14
	

	Samsung
	Median UTP
	8.4
	7.3
	

	
	Cell-edge UTP
	8.6
	7.4
	

	Motorola
	Median UTP
	15
	6
	Same number of available PDSCH REs for BCT and S-NCT

	
	Cell-edge UTP
	13
	3
	

	NSN, Nokia
	Median UTP
	4.5
	2
	CRS APs 1 (Evaluation assumptions state 2 CRS ports)

	
	Cell-edge UTP
	5
	2
	


3 Effects on performance
The conclusions called for a proposal of an intuitive explanation for the gains observed with the S-NCT, especially from the companies reporting larger gains. This section addresses this aspect. The main factors that can lead to performance improvements with the S-NCT are listed below:

1. Interference reduction

2. Overhead reduction

3. Iterative system effects 
4. More accurate CSI feedback 
An example of interference reduction is shown in Figure 1. When the load is low, CRS transmissions on the backward compatible carrier are the dominant source of interference. The S-NCT suppresses these transmissions in subframes with no data for eight out of ten subframes in a radio frame while the BCT with 6 MBSFN subframes per frame suppresses these transmissions in subframes with no data for six out of ten subframes in a radio frame. This causes a reduction of interference at low loads in 4 subframes per frame (0 vs. 2 CRS ports in subframes 4 and 9; 1 vs. 2 CRS ports in subframes 0 and 5), which causes an increase in observed SINR and consequently increased user throughput . It may be noted that some evaluations used CRS-IC which can also suppress interference with its effectiveness depending on the number of interfering CRS to be cancelled.
Another aspect of CRS interference is the way in which CRS REs affect transport blocks. Transport blocks are split up into code blocks which are mapped frequency first. When CRS interference from cells with different CRS shifts occurs, a sequence of consecutive REs in a code block can get affected thus causing a higher code block error rate than would be the case if the CRS interference power was averaged across all REs in a transport block. Furthermore, decoding failure of a single code block causes the failure of the entire transport block. For the companies that modelled the mapping of code blocks, this aspect of CRS interference is a component of the gains shown by their simulations. However, this effect can be alternatively (i.e. not requiring NCT) removed for UE-specific transmissions by adopting changes not affecting backward compatibility, for example with modifying the PDSCH RE mapping in a UE-specific manner. 
It should be noted that all the simulations above, except for two cases, do not have CRS-IC on BCT. When CRS-IC is performed on BCT, it improves BCT performance and reduces the gain of NCT over BCT. 
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Figure 1: Interference reduction with the NCT illustrated for lower loads
It should be noted that the precise level of overhead needed for the S-NCT is yet to be determined since the design of the S-NCT is not yet complete. Most evaluations were simplified in assuming the same overall overhead (excluding the CRS overhead but including overhead such as control channels and MIB/SIBs) for both the BCT and the S-NCT resulting in different number of available REs for PDSCH although at least one evaluation assumed the same number of available REs for PDSCH where CRS overhead was included in the overall overhead. For evaluations that assumed higher CRS overhead for BCT, with the rest of the overhead being the same on NCT and BCT, CRS overhead reduction on the NCT causes an increase in throughput for each link in the system due to the higher number of available REs for data as illustrated in Figure 1. Peak throughput may even be increased considering that a higher maximum MCS could be introduced for NCT. This applies both for low loads and for high loads. The difference in CRS overhead between an NCT and a BCT (2 CRS ports) with 6 MBSFN subframes per frame is ~4.25%. One evaluation considered their estimate of the total overhead (both control signalling and CRS overhead) for both the NCT and the BCT with 6 MBSFN subframes per frame and showed that the BCT can provide higher throughput than the NCT even without CRS-IC.
Another reason for the gains of NCT over BCT could be explained by the CQI mismatch that could more frequently occur in BCT than in NCT. CSI feedback derived from interference measurements using serving cell CRS or CSI-IM may not capture interference from other cell CRS (colliding with PDSCH). Therefore, the reported CQI could be optimistic over the actual interference conditions. A similar issue may also occur when CRSs from the different cells are colliding with each other where the reported CQI could be pessimistic over the actual interference conditions due to the persistent CRS collisions between the serving and interfering cell. When this effect is modelled, the CQI mismatch issue can occur in 4 downlink subframes for BCT with 6 MBSFN subframes per frame whereas the CQI mismatch issue can occur in 2 subframes for NCT.
Finally, for evaluations that assumed higher CRS overhead for BCT, but assumed the rest of the overhead to be same on NCT and BCT a gain from iterative system effects can occur as illustrated in Figure 2. Lower overhead leads to the availability of more REs leading to packets remaining within the system for a shorter time. This in turn causes a reduction in interference, including PDSCH to PDSCH interference, which can increase throughput and shorten packet transmission time.  Thus, there is an iterative system effect which contributes to an improvement in user data rates. This effect may also be triggered by reduced CRS interference. More evaluations are necessary to determine whether a NCT or a BCT with 6 MBSFN subframes per frame result in lower overhead.  It should be noted the impact of each of the effects listed above may be different in the simulations from different companies. The above descriptions were an attempt to characterize the possible sources of gain for the NCT and not necessarily to quantify each of the effects individually. The cumulative gains from all of these effects are captured in the tables in Section 2 for each company’s evaluations.
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Figure 2: Gain from network effects
4 Conclusion

This document summarizes the performance evaluation results for NCT and provides some explanations on the possible sources of gains achieved by NCT. As shown by the simulation results, there is a significant variation in the gains observed by different companies using the simulation assumptions agreed by RAN1. While not considering all operational aspects, some companies showed large gains and other companies’ evaluations did not yield large gains. 
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