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1 Introduction
In RAN1#88 meeting, an agreement was reached to adopt Polar codes for both UL and DL control channels in NR (except for very small block lengths where repetition/simplex/Reed-Mueller codes are used). 
In RAN1#90 meeting, the following working assumption was made:
Working Assumption: 
· If a DL bit-level channel interleaver is adopted:
· Its span is equal to the number of coded bits corresponding to 1 CCE
· The span can be increased to the number of coded bits corresponding to 2 CCEs if there is a benefit of doing so
· FFS whether the interleaver is not used at higher ALs
· Companies are encouraged to assess by RAN1#90bis the implementation impacts of using or not using the interleaver at higher ALs
Conclusions and next steps to help towards a decision on the Working Assumption from RAN1#90:
· From the cases evaluated so far, gains of DL channel interleaver are not significant for AL >2
· Continue evaluations until RAN1#90bis, according to the above working assumption
· Focus on AL=1,2 cases, with and without REG bundle interleaver
· Include evaluations with up to 3 OFDM symbols for the control channel
· Companies are also encouraged to compare block parallel interleaver with low-complexity block interleavers, e.g. single block interleaver. 

In this contribution, we investigate whether a channel interleaver can provide any performance improvements when transmitting over the NR physical downlink control channel (PDCCH). Furthermore, we compare the performance of a parallel-rectangular leaver with the performance of a simple rectangular interleaver for different spans of the interleaver. 
2 Interleaver Design
The channel interleaver is applied to the encoded bits after rate matching, right before being subject to the modulator. At the receiver end, after demodulation, the codeword is deinterleaved. In this contribution, the following interleavers are investigated:
1. The parallel rectangular channel interleaver which consists of two parallel rectangular interleavers with depths 5 and 11, respectively. The final interleaver is obtained from these two interleavers by alternating the output of the two interleavers. A detailed description can be found in [1]. This channel interleaver is marked as ‘Parallel’ in the figures of simulation results. 
2. The rectangular interleaver with depth 5. This channel interleaver is marked as ‘Rectangular’ in the figures. 
3. No interleaver is applied. This is marked as ‘None’ in the figures.
Two different spans for the interleaver are investigated: 
1. The interleaver span is equal to the number of coded bits corresponding to 1 CCE.
2. The interleaver span is equal to the number of coded bits corresponding to 2 CCEs.

3 Simulations
The simulation setup is according to the evaluation assumption established in [2]. The set of simulation parameters used in this contribution can be found in the appendix.  Three different setups are simulated:
1. Distributed and non-interleaved REG bundles
2. Distributed and interleaved REG bundles
3. Localized and non-interleaved REG bundles
The simulations obtained can be found in figures 1-24. For a more detailed comparison, the SNR values at target BLER equal to 0.01 and 0.001 can be found in the tables in the appendix. 
The following observations are drawn from the simulations:
For aggregation level 1 and REG bundle size = 2, using a channel interleaver improves the performance by around 1 dB at BLER=1e-3, as compared to not using any channel interleaver. For this case, the rectangular interleaver slightly outperforms the parallel rectangular interleaver. 
For aggregation level 1 and REG bundle size = 6, using a channel interleaver does not significantly improves the performance.
For aggregation level 2, using a channel interleaver with a span of 1 CCE does not improves the performance significantly compared to not using any channel interleaver.
For aggregation level 2, using a channel interleaver with a span of 2 CCEs can improve the performance by up to 0.5 dB as compared to not using any channel interleaver. For this case, the parallel rectangular interleaver slightly outperforms the rectangular interleaver. 
For aggregation level 4 and 8 there is no visible performance improvement when using a channel interleaver as compared to not using any channel interleaver.

Considering that span of 2 CCE incurs larger complexity in UE while providing minor benefits only for AL=2, it is reasonable that only span of 1 CCE is used, if channel interleaver is adopted. 
In case a channel interleaver is adopted, use the rectangular interleaver with span of 1 CCE for aggregation level 1 only.

When considering span of 1 CCE, then the channel interleaver only improves the performance significantly for aggregation levels 1 with REG bundle size=2. Considering the limited use cases and the increased complexity, we have the following proposals:
[bookmark: _GoBack]Considering all combinations of PDCCH configurations, do not to adopt a channel interleaver in downlink for polar codes.

3.1 Distributed and non-interleaved REG bundles
3.1.1 Aggregation level 1
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Figure 1.	AL = 1, Bundle size = 2, distributed and non-interleaved REG bundles.
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Figure 2.	AL = 1, Bundle size = 6, distributed and non-interleaved REG bundles.
3.1.2 Aggregation level 2
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Figure 3.	AL = 2, Bundle size = 2, distributed and non-interleaved REG bundles.
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Figure 4.	AL = 2, Bundle size = 6, distributed and non-interleaved REG bundles.

3.1.3 Aggregation level 4
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Figure 5.	AL = 4, Bundle size = 2, distributed and non-interleaved REG bundles.
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Figure 6.	AL = 4, Bundle size = 6, distributed and non-interleaved REG bundles.


3.1.4 Aggregation level 8
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Figure 7.	AL = 8, Bundle size = 2, distributed and non-interleaved REG bundles.
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Figure 8.	AL = 8, Bundle size = 6, distributed and non-interleaved REG bundles.


3.2 Distributed and interleaved REG bundles
3.2.1 Aggregation level 1
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Figure 9.	AL = 1, Bundle size = 2, distributed and interleaved REG bundles.
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Figure 10.	AL = 1, Bundle size = 6, distributed and interleaved REG bundles.
3.2.2 Aggregation level 2
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Figure 11.	AL = 2, Bundle size = 2, distributed and interleaved REG bundles.
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Figure 12.	AL = 2, Bundle size = 6, distributed and interleaved REG bundles.
3.2.3 Aggregation level 4
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   Figure 13.	AL = 4, Bundle size = 2, distributed and interleaved REG bundles.
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Figure 14.	AL = 4, Bundle size = 6, distributed and interleaved REG bundles.

3.2.4 Aggregation level 8
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Figure 15.	AL = 8, Bundle size = 2, distributed and interleaved REG bundles.
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Figure 16.	AL = 8, Bundle size = 6, distributed and interleaved REG bundles.


3.3 Localized REG bundles
3.3.1 Aggregation level 1
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Figure 17.	AL = 1, Bundle size = 2, localized REG bundles.
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Figure 18.	AL = 1, Bundle size = 6, localized REG bundles.

3.3.2 Aggregation level 2
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Figure 19.	AL = 2, Bundle size = 2, localized REG bundles.
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Figure 20.	AL = 2, Bundle size = 6, localized REG bundles.

3.3.3 Aggregation level 4
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Figure 21.	AL = 4, Bundle size = 2, localized REG bundles.
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Figure 22.	AL = 4, Bundle size = 6, localized REG bundles.

3.3.4 Aggregation level 8
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Figure 23.	AL = 8, Bundle size = 2, localized REG bundles.
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Figure 24.	AL = 8, Bundle size = 6, localized REG bundles.



4 [bookmark: _Hlk494708427]Conclusions
In this contribution, we made the following observations based on the extensive simulation results:
1. For aggregation level 1 and REG bundle size = 2, using a channel interleaver improves the performance by around 1 dB at BLER=1e-3, as compared to not using any channel interleaver. For this case, the rectangular interleaver slightly outperforms the parallel rectangular interleaver. 
For aggregation level 1 and REG bundle size = 6, using a channel interleaver does not significantly improves the performance.
For aggregation level 2, using a channel interleaver with a span of 1 CCE does not improves the performance significantly compared to not using any channel interleaver.
For aggregation level 2, using a channel interleaver with a span of 2 CCEs can improve the performance by up to 0.5 dB as compared to not using any channel interleaver. For this case, the parallel rectangular interleaver slightly outperforms the rectangular interleaver. 
For aggregation level 4 and 8 there is no visible performance improvement when using a channel interleaver as compared to not using any channel interleaver.

Based on the observations, we have the following proposals:
1. In case a channel interleaver is adopted, use the rectangular interleaver with span of 1 CCE for aggregation level 1 only.
1. Considering all combinations of PDCCH configurations, do not to adopt a channel interleaver in downlink for polar codes.
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Appendix 1: Simulation Parameters
	Parameter
	Value

	System bandwidth
	10 MHz

	Waveform
	OFDMA

	Numerology
	15 kHz

	Payload (not including CRC)
	32, 60, 120 bits 

	FEC type and Modulation
	Polar with CRC size = 24, QPSK 
CRC polynomial: gCRC24(D) = [D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1]

	Tx-Rx antenna configuration
	2x2 

	Transmit diversity scheme
	1-port per REGB precoder cycling

	Channel estimation
	1/4 DM-RS density, practical channel estimation (MMSE)

	Channel model
	TDL-C 300ns, 3kmph 

	Number of REGs per CCE
	6

	Aggregation levels
	1, 2, 4, 8

	REG bundle size
	2 REGs, 6 REGs

	CORESET configuration
	1 symbol, 48 PRBs (i.e. PRB0,PRB1…PRB47)

	CCE-to-REG mapping
	Frequency first, distributed REG bundles, localized REG bundles

	Interleaving for CCE-to-REG mapping
	REG-bundle interleaving

	Rate-matching
	According to working assumption in [3].

	Channel interleaver
	Parallel interleaver from [1], No interleaver




Appendix 2: SNR values at target BLERs
Distributed non-interleaved, Aggregation level 1, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	5.9
	8.5

	1 CCE
	32
	None
	6.5
	10.0

	1 CCE
	32
	Rectangular
	5.7
	8.4

	2 CCE
	32
	Parallel
	5.9
	8.5

	2 CCE
	32
	None
	6.5
	10.0

	2 CCE
	32
	Rectangular
	5.7
	8.4

	1 CCE
	60
	Parallel
	10.7
	14.3

	1 CCE
	60
	None
	11.3
	15.5

	1 CCE
	60
	Rectangular
	10.4
	13.8

	2 CCE
	60
	Parallel
	10.7
	14.3

	2 CCE
	60
	None
	11.3
	15.5

	2 CCE
	60
	Rectangular
	10.4
	13.8



Distributed non-interleaved, Aggregation level 1, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	8.5
	12.0

	1 CCE
	32
	None
	8.8
	12.6

	1 CCE
	32
	Rectangular
	8.5
	11.9

	2 CCE
	32
	Parallel
	8.5
	12.0

	2 CCE
	32
	None
	8.8
	12.6

	2 CCE
	32
	Rectangular
	8.5
	11.9

	1 CCE
	60
	Parallel
	12.3
	18.5

	1 CCE
	60
	None
	12.4
	20.0

	1 CCE
	60
	Rectangular
	12.2
	19.0

	2 CCE
	60
	Parallel
	12.3
	18.5

	2 CCE
	60
	None
	12.4
	20.0

	2 CCE
	60
	Rectangular
	12.2
	19.0



Distributed non-interleaved AL2 BS2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	0.7
	2.3

	1 CCE
	32
	None
	0.8
	2.7

	1 CCE
	32
	Rectangular
	0.7
	2.4

	2 CCE
	32
	Parallel
	0.6
	2.3

	2 CCE
	32
	None
	0.8
	2.7

	2 CCE
	32
	Rectangular
	0.7
	2.3

	1 CCE
	60
	Parallel
	2.9
	4.8

	1 CCE
	60
	None
	3.0
	5.1

	1 CCE
	60
	Rectangular
	2.9
	4.8

	2 CCE
	60
	Parallel
	2.8
	4.5

	2 CCE
	60
	None
	3.0
	5.1

	2 CCE
	60
	Rectangular
	2.8
	4.5

	1 CCE
	120
	Parallel
	7.1
	8.9

	1 CCE
	120
	None
	7.4
	9.7

	1 CCE
	120
	Rectangular
	7.1
	8.9

	2 CCE
	120
	Parallel
	7.0
	8.7

	2 CCE
	120
	None
	7.4
	9.7




Distributed non-interleaved AL2 BS6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	2.0
	4.3

	1 CCE
	32
	None
	2.0
	4.6

	1 CCE
	32
	Rectangular
	2.0
	4.3

	2 CCE
	32
	Parallel
	1.8
	4.0

	2 CCE
	32
	None
	2.0
	4.6

	2 CCE
	32
	Rectangular
	1.7
	4.0

	1 CCE
	60
	Parallel
	4.7
	7.0

	1 CCE
	60
	None
	4.8
	7.2

	1 CCE
	60
	Rectangular
	4.7
	7.0

	2 CCE
	60
	Parallel
	4.2
	6.3

	2 CCE
	60
	None
	4.8
	7.2

	2 CCE
	60
	Rectangular
	4.3
	6.4

	1 CCE
	120
	Parallel
	8.9
	11.7

	1 CCE
	120
	None
	9.2
	12.9

	1 CCE
	120
	Rectangular
	8.8
	11.9

	2 CCE
	120
	Parallel
	8.5
	11.4

	2 CCE
	120
	None
	9.2
	12.9



Distributed non-interleaved AL4 BS2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-2.3
	-1.0

	1 CCE
	32
	None
	-2.3
	NaN

	1 CCE
	32
	Rectangular
	-2.3
	-1.0

	2 CCE
	32
	Parallel
	-2.3
	-1.0

	2 CCE
	32
	None
	-2.3
	NaN

	2 CCE
	32
	Rectangular
	-2.3
	-1.0

	1 CCE
	60
	Parallel
	-0.6
	0.5

	1 CCE
	60
	None
	-0.5
	0.6

	1 CCE
	60
	Rectangular
	-0.6
	0.5

	2 CCE
	60
	Parallel
	-0.6
	0.4

	2 CCE
	60
	None
	-0.5
	0.6

	2 CCE
	60
	Rectangular
	-0.6
	0.4

	1 CCE
	120
	Parallel
	1.5
	2.8

	1 CCE
	120
	None
	1.6
	2.9

	1 CCE
	120
	Rectangular
	1.5
	2.8

	2 CCE
	120
	Parallel
	1.4
	2.7

	2 CCE
	120
	None
	1.6
	2.9




Distributed non-interleaved, Aggregation level 4, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-1.8
	-0.4

	1 CCE
	32
	None
	-1.8
	-0.3

	1 CCE
	32
	Rectangular
	-1.9
	-0.4

	2 CCE
	32
	Parallel
	-1.9
	-0.4

	2 CCE
	32
	None
	-1.8
	-0.3

	2 CCE
	32
	Rectangular
	-1.8
	-0.4

	1 CCE
	60
	Parallel
	-0.6
	1.0

	1 CCE
	60
	None
	-0.5
	1.1

	1 CCE
	60
	Rectangular
	-0.6
	0.9

	2 CCE
	60
	Parallel
	-0.7
	0.8

	2 CCE
	60
	None
	-0.5
	1.1

	2 CCE
	60
	Rectangular
	-0.7
	0.8

	1 CCE
	120
	Parallel
	2.2
	4.1

	1 CCE
	120
	None
	2.2
	4.1

	1 CCE
	120
	Rectangular
	2.1
	4.0

	2 CCE
	120
	Parallel
	2.1
	3.8

	2 CCE
	120
	None
	2.2
	4.1

	2 CCE
	120
	Rectangular
	2.1
	3.8




Distributed non-interleaved, Aggregation level 8, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-4.7
	-3.5

	1 CCE
	32
	None
	-4.7
	-3.5

	1 CCE
	32
	Rectangular
	-4.7
	-3.6

	2 CCE
	32
	Parallel
	-4.7
	-3.5

	2 CCE
	32
	None
	-4.7
	-3.5

	2 CCE
	32
	Rectangular
	-4.7
	-3.5

	1 CCE
	60
	Parallel
	-3.5
	-2.3

	1 CCE
	60
	None
	-3.5
	-2.3

	1 CCE
	60
	Rectangular
	-3.5
	-2.3

	2 CCE
	60
	Parallel
	-3.5
	-2.3

	2 CCE
	60
	None
	-3.5
	-2.3

	2 CCE
	60
	Rectangular
	-3.5
	-2.3

	1 CCE
	120
	Parallel
	-1.5
	-0.5

	1 CCE
	120
	None
	-1.5
	-0.5

	1 CCE
	120
	Rectangular
	-1.5
	-0.5

	2 CCE
	120
	Parallel
	-1.6
	-0.5

	2 CCE
	120
	None
	-1.5
	-0.5

	2 CCE
	120
	Rectangular
	-1.5
	-0.5




Distributed non-interleaved, Aggregation level 8, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-4.9
	-3.8

	1 CCE
	32
	None
	-4.9
	-3.8

	1 CCE
	32
	Rectangular
	-4.9
	-3.8

	2 CCE
	32
	Parallel
	-4.9
	-3.8

	2 CCE
	32
	None
	-4.9
	-3.8

	2 CCE
	32
	Rectangular
	-4.9
	-3.8

	1 CCE
	60
	Parallel
	-3.8
	-2.5

	1 CCE
	60
	None
	-3.8
	-2.5

	1 CCE
	60
	Rectangular
	-3.8
	-2.5

	2 CCE
	60
	Parallel
	-3.8
	-2.6

	2 CCE
	60
	None
	-3.8
	-2.5

	2 CCE
	60
	Rectangular
	-3.8
	-2.5

	1 CCE
	120
	Parallel
	-1.5
	-0.5

	1 CCE
	120
	None
	-1.5
	-0.5

	1 CCE
	120
	Rectangular
	-1.5
	-0.5

	2 CCE
	120
	Parallel
	-1.6
	-0.6

	2 CCE
	120
	None
	-1.5
	-0.5

	2 CCE
	120
	Rectangular
	-1.6
	-0.6



Distributed interleaved, Aggregation level 1, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	5.9
	8.5

	1 CCE
	32
	None
	6.5
	10.0

	1 CCE
	32
	Rectangular
	5.7
	8.4

	2 CCE
	32
	Parallel
	5.9
	8.5

	2 CCE
	32
	None
	6.5
	10.0

	2 CCE
	32
	Rectangular
	5.7
	8.4

	1 CCE
	60
	Parallel
	10.7
	14.3

	1 CCE
	60
	None
	11.3
	15.5

	1 CCE
	60
	Rectangular
	10.4
	13.8

	2 CCE
	60
	Parallel
	10.7
	14.3

	2 CCE
	60
	None
	11.3
	15.5

	2 CCE
	60
	Rectangular
	10.4
	13.8



Distributed interleaved Aggregation level 1, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	8.5
	12.0

	1 CCE
	32
	None
	8.8
	12.6

	1 CCE
	32
	Rectangular
	8.5
	11.9

	2 CCE
	32
	Parallel
	8.5
	12.0

	2 CCE
	32
	None
	8.8
	12.6

	2 CCE
	32
	Rectangular
	8.5
	11.9

	1 CCE
	60
	Parallel
	12.3
	18.5

	1 CCE
	60
	None
	12.4
	20.0

	1 CCE
	60
	Rectangular
	12.2
	19.0

	2 CCE
	60
	Parallel
	12.3
	18.5

	2 CCE
	60
	None
	12.4
	20.0

	2 CCE
	60
	Rectangular
	12.2
	19.0



Distributed interleaved, Aggregation level 2, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	0.8
	2.5

	1 CCE
	32
	None
	0.9
	2.7

	1 CCE
	32
	Rectangular
	0.8
	2.5

	2 CCE
	32
	Parallel
	0.8
	2.4

	2 CCE
	32
	None
	0.9
	2.7

	2 CCE
	32
	Rectangular
	0.8
	2.4

	1 CCE
	60
	Parallel
	3.0
	4.7

	1 CCE
	60
	None
	3.2
	4.9

	1 CCE
	60
	Rectangular
	3.0
	4.6

	2 CCE
	60
	Parallel
	2.8
	4.5

	2 CCE
	60
	None
	3.2
	4.9

	2 CCE
	60
	Rectangular
	3.0
	4.5

	1 CCE
	120
	Parallel
	6.9
	8.9

	1 CCE
	120
	None
	7.3
	9.8

	1 CCE
	120
	Rectangular
	7.0
	9.0

	2 CCE
	120
	Parallel
	6.9
	8.7

	2 CCE
	120
	Rectangular
	6.9
	8.9



Distributed interleaved, Aggregation level 2, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	2.0
	4.3

	1 CCE
	32
	None
	2.0
	4.6

	1 CCE
	32
	Rectangular
	2.0
	4.3

	2 CCE
	32
	Parallel
	1.8
	4.0

	2 CCE
	32
	None
	2.0
	4.6

	2 CCE
	32
	Rectangular
	1.7
	4.0

	1 CCE
	60
	Parallel
	4.7
	7.0

	1 CCE
	60
	None
	4.8
	7.2

	1 CCE
	60
	Rectangular
	4.7
	7.0

	2 CCE
	60
	Parallel
	4.2
	6.3

	2 CCE
	60
	None
	4.8
	7.2

	2 CCE
	60
	Rectangular
	4.3
	6.4

	1 CCE
	120
	Parallel
	8.9
	11.7

	1 CCE
	120
	None
	9.2
	12.9

	1 CCE
	120
	Rectangular
	8.8
	11.9

	2 CCE
	120
	Parallel
	8.5
	11.4

	2 CCE
	120
	Rectangular
	8.6
	11.4



Distributed interleaved Aggregation level 4, Bundel size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-2.3
	-0.8

	1 CCE
	32
	None
	-2.3
	-0.8

	1 CCE
	32
	Rectangular
	-2.3
	-0.8

	2 CCE
	32
	Parallel
	-2.3
	-0.8

	2 CCE
	32
	None
	-2.3
	-0.8

	2 CCE
	32
	Rectangular
	-2.3
	-0.9

	1 CCE
	60
	Parallel
	-0.6
	0.5

	1 CCE
	60
	None
	-0.5
	0.6

	1 CCE
	60
	Rectangular
	-0.6
	0.5

	2 CCE
	60
	Parallel
	-0.6
	0.5

	2 CCE
	60
	None
	-0.5
	0.6

	2 CCE
	60
	Rectangular
	-0.6
	0.5

	1 CCE
	120
	Parallel
	1.4
	2.9

	1 CCE
	120
	None
	1.6
	NaN

	1 CCE
	120
	Rectangular
	1.4
	2.9

	2 CCE
	120
	Parallel
	1.4
	2.8

	2 CCE
	120
	Rectangular
	1.4
	2.8



Distributed interleaved Aggregation level 4, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-1.6
	-0.1

	1 CCE
	32
	None
	-1.6
	-0.1

	1 CCE
	32
	Rectangular
	-1.6
	-0.2

	2 CCE
	32
	Parallel
	-1.6
	-0.2

	2 CCE
	32
	None
	-1.6
	-0.1

	2 CCE
	32
	Rectangular
	-1.6
	-0.2

	1 CCE
	60
	Parallel
	-0.2
	1.2

	1 CCE
	60
	None
	-0.2
	1.4

	1 CCE
	60
	Rectangular
	-0.2
	1.3

	2 CCE
	60
	Parallel
	-0.3
	1.2

	2 CCE
	60
	None
	-0.2
	1.4

	2 CCE
	60
	Rectangular
	-0.3
	1.2

	1 CCE
	120
	Parallel
	2.2
	3.9

	1 CCE
	120
	None
	2.3
	4.1

	1 CCE
	120
	Rectangular
	2.2
	3.9

	2 CCE
	120
	Parallel
	2.0
	3.7

	2 CCE
	120
	Rectangular
	1.9
	3.7



Distributed interleaved Aggregation level 8, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-4.6
	-3.4

	1 CCE
	32
	None
	-4.7
	-3.4

	1 CCE
	32
	Rectangular
	-4.6
	-3.4

	2 CCE
	32
	Parallel
	-4.7
	-3.4

	2 CCE
	32
	None
	-4.7
	-3.4

	2 CCE
	32
	Rectangular
	-4.7
	-3.4

	1 CCE
	60
	Parallel
	-3.4
	-2.2

	1 CCE
	60
	None
	-3.4
	-2.2

	1 CCE
	60
	Rectangular
	-3.4
	-2.2

	2 CCE
	60
	Parallel
	-3.4
	-2.2

	2 CCE
	60
	None
	-3.4
	-2.2

	2 CCE
	60
	Rectangular
	-3.4
	-2.2

	1 CCE
	120
	Parallel
	-1.4
	-0.4

	1 CCE
	120
	None
	-1.4
	-0.4

	1 CCE
	120
	Rectangular
	-1.4
	-0.4

	2 CCE
	120
	Parallel
	-1.4
	-0.4

	2 CCE
	120
	Rectangular
	-1.4
	-0.4



Distributed interleaved Aggregation level 8, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-4.9
	-3.6

	1 CCE
	32
	None
	-4.9
	-3.6

	1 CCE
	32
	Rectangular
	-4.8
	-3.6

	2 CCE
	32
	Parallel
	-4.9
	-3.6

	2 CCE
	32
	None
	-4.9
	-3.6

	2 CCE
	32
	Rectangular
	-4.9
	-3.6

	1 CCE
	60
	Parallel
	-3.5
	-2.3

	1 CCE
	60
	None
	-3.5
	-2.3

	1 CCE
	60
	Rectangular
	-3.5
	-2.3

	2 CCE
	60
	Parallel
	-3.6
	-2.3

	2 CCE
	60
	None
	-3.5
	-2.3

	2 CCE
	60
	Rectangular
	-3.6
	-2.3

	1 CCE
	120
	Parallel
	-1.7
	-0.5

	1 CCE
	120
	None
	-1.7
	-0.4

	1 CCE
	120
	Rectangular
	-1.7
	-0.4

	2 CCE
	120
	Parallel
	-1.7
	-0.5

	2 CCE
	120
	Rectangular
	-1.8
	-0.5



Localized, Aggregation level 1, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	6.4
	9.3

	1 CCE
	32
	None
	6.9
	10.3

	1 CCE
	32
	Rectangular
	6.3
	9.1

	2 CCE
	32
	Parallel
	6.4
	9.3

	2 CCE
	32
	None
	6.9
	10.3

	2 CCE
	32
	Rectangular
	6.3
	9.1

	1 CCE
	60
	Parallel
	10.9
	15.1

	1 CCE
	60
	None
	11.4
	16.3

	1 CCE
	60
	Rectangular
	10.7
	15.0

	2 CCE
	60
	Parallel
	10.9
	15.1

	2 CCE
	60
	None
	11.4
	16.3

	2 CCE
	60
	Rectangular
	10.7
	15.0



Localized, Aggregation level 1, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	8.5
	12.0

	1 CCE
	32
	None
	8.8
	12.6

	1 CCE
	32
	Rectangular
	8.5
	11.9

	2 CCE
	32
	Parallel
	8.5
	12.0

	2 CCE
	32
	None
	8.8
	12.6

	2 CCE
	32
	Rectangular
	8.5
	11.9

	1 CCE
	60
	Parallel
	12.3
	18.3

	1 CCE
	60
	None
	12.4
	19.7

	1 CCE
	60
	Rectangular
	12.2
	18.8

	2 CCE
	60
	Parallel
	12.3
	18.3

	2 CCE
	60
	None
	12.4
	19.7

	2 CCE
	60
	Rectangular
	12.2
	18.8




Localized, Aggregation level 2, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	1.5
	3.5

	1 CCE
	32
	None
	1.6
	3.7

	1 CCE
	32
	Rectangular
	1.5
	3.5

	2 CCE
	32
	Parallel
	1.5
	3.4

	2 CCE
	32
	None
	1.6
	3.7

	2 CCE
	32
	Rectangular
	1.5
	3.4

	1 CCE
	60
	Parallel
	3.9
	5.8

	1 CCE
	60
	None
	4.0
	6.0

	1 CCE
	60
	Rectangular
	3.8
	5.9

	2 CCE
	60
	Parallel
	3.7
	5.6

	2 CCE
	60
	None
	4.0
	6.0

	2 CCE
	60
	Rectangular
	3.7
	5.7

	1 CCE
	120
	Parallel
	7.8
	10.0

	1 CCE
	120
	None
	8.0
	10.7

	1 CCE
	120
	Rectangular
	7.8
	10.1

	2 CCE
	120
	Parallel
	7.8
	9.9

	2 CCE
	120
	Rectangular
	7.8
	10.0




Localized, Aggregation level 2, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	2.0
	4.3

	1 CCE
	32
	None
	2.2
	4.6

	1 CCE
	32
	Rectangular
	2.0
	4.4

	2 CCE
	32
	Parallel
	1.9
	4.1

	2 CCE
	32
	None
	2.2
	4.6

	2 CCE
	32
	Rectangular
	1.9
	4.1

	1 CCE
	60
	Parallel
	4.6
	7.0

	1 CCE
	60
	None
	4.7
	7.2

	1 CCE
	60
	Rectangular
	4.6
	7.0

	2 CCE
	60
	Parallel
	4.0
	6.2

	2 CCE
	60
	None
	4.7
	7.2

	2 CCE
	60
	Rectangular
	4.1
	6.3

	1 CCE
	120
	Parallel
	8.9
	11.6

	1 CCE
	120
	None
	9.2
	12.7

	1 CCE
	120
	Rectangular
	8.9
	11.8

	2 CCE
	120
	Parallel
	8.6
	11.2

	2 CCE
	120
	Rectangular
	8.7
	11.4




Localized, Aggregation level 4, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-1.7
	-0.3

	1 CCE
	32
	None
	-1.6
	-0.2

	1 CCE
	32
	Rectangular
	-1.7
	-0.3

	2 CCE
	32
	Parallel
	-1.7
	-0.3

	2 CCE
	32
	None
	-1.6
	-0.2

	2 CCE
	32
	Rectangular
	-1.7
	-0.3

	1 CCE
	60
	Parallel
	-0.4
	1.0

	1 CCE
	60
	None
	-0.4
	1.1

	1 CCE
	60
	Rectangular
	-0.4
	1.0

	2 CCE
	60
	Parallel
	-0.5
	0.9

	2 CCE
	60
	None
	-0.4
	1.1

	2 CCE
	60
	Rectangular
	-0.5
	0.9

	1 CCE
	120
	Parallel
	2.1
	3.5

	1 CCE
	120
	None
	2.2
	3.7

	1 CCE
	120
	Rectangular
	2.1
	3.6

	2 CCE
	120
	Parallel
	2.1
	3.4

	2 CCE
	120
	None
	2.2
	3.7



Localized, Aggregation level 4, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-4.9
	-3.8

	1 CCE
	32
	None
	-4.9
	-3.8

	1 CCE
	32
	Rectangular
	-4.9
	-3.8

	2 CCE
	32
	Parallel
	-4.9
	-3.8

	2 CCE
	32
	None
	-4.9
	-3.8

	2 CCE
	32
	Rectangular
	-4.9
	-3.8

	1 CCE
	60
	Parallel
	-3.8
	-2.5

	1 CCE
	60
	None
	-3.8
	-2.5

	1 CCE
	60
	Rectangular
	-3.8
	-2.5

	2 CCE
	60
	Parallel
	-3.8
	-2.6

	2 CCE
	60
	None
	-3.8
	-2.5

	2 CCE
	60
	Rectangular
	-3.8
	-2.5

	1 CCE
	120
	Parallel
	-1.5
	-0.5

	1 CCE
	120
	None
	-1.5
	-0.5

	1 CCE
	120
	Rectangular
	-1.5
	-0.5

	2 CCE
	120
	Parallel
	-1.6
	-0.6

	2 CCE
	120
	None
	-1.5
	-0.5



Localized, Aggregation level 8, Bundle size 2
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-4.7
	-3.5

	1 CCE
	32
	None
	-4.7
	-3.5

	1 CCE
	32
	Rectangular
	-4.7
	-3.5

	2 CCE
	32
	Parallel
	-4.8
	-3.5

	2 CCE
	32
	None
	-4.7
	-3.5

	2 CCE
	32
	Rectangular
	-4.7
	-3.5

	1 CCE
	60
	Parallel
	-3.5
	-2.3

	1 CCE
	60
	None
	-3.5
	-2.3

	1 CCE
	60
	Rectangular
	-3.5
	-2.3

	2 CCE
	60
	Parallel
	-3.5
	-2.3

	2 CCE
	60
	None
	-3.5
	-2.3

	2 CCE
	60
	Rectangular
	-3.5
	-2.3

	1 CCE
	120
	Parallel
	-1.5
	-0.5

	1 CCE
	120
	None
	-1.5
	-0.4

	1 CCE
	120
	Rectangular
	-1.5
	-0.5

	2 CCE
	120
	Parallel
	-1.5
	-0.5

	2 CCE
	120
	None
	-1.5
	-0.4



Localized, Aggregation level 8, Bundle size 6
	Span 
	 Payload 
	 Interleaver 
	 BLER=0.01 
	 BLER=0.001 

	1 CCE
	32
	Parallel
	-4.9
	-3.8

	1 CCE
	32
	None
	-4.9
	-3.8

	1 CCE
	32
	Rectangular
	-4.9
	-3.8

	2 CCE
	32
	Parallel
	-4.9
	-3.8

	2 CCE
	32
	None
	-4.9
	-3.8

	2 CCE
	32
	Rectangular
	-4.9
	-3.8

	1 CCE
	60
	Parallel
	-3.8
	-2.5

	1 CCE
	60
	None
	-3.8
	-2.5

	1 CCE
	60
	Rectangular
	-3.8
	-2.5

	2 CCE
	60
	Parallel
	-3.8
	-2.6

	2 CCE
	60
	None
	-3.8
	-2.5

	2 CCE
	60
	Rectangular
	-3.8
	-2.5

	1 CCE
	120
	Parallel
	-1.5
	-0.5

	1 CCE
	120
	None
	-1.5
	-0.5

	1 CCE
	120
	Rectangular
	-1.5
	-0.5

	2 CCE
	120
	Parallel
	-1.6
	-0.6

	2 CCE
	120
	None
	-1.5
	-0.5
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