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[bookmark: _GoBack]Introduction
In previous RAN1 meetings, some agreements were reached about the DL control channel design [1]. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: time-domain precoder-cycling
· Support REG bundle in time-domain being equal to 1 symbol, or;
· Support following:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols
In this contribution, we give our analysis on the remaining issues of PDCCH resource mapping and REG bundle structure/size for PDCCH interleaving.
REG bundle structure for localized/distributed PDCCH mapping
The distributed and localized mappings are supported for NR. We consider time first REG-to-CCE mapping and frequency first CCE-to-PDCCH mapping as it was basically followed already concluded part. The following REG bundle structures include different bundle size could be considered for localized and distributed mappings respectively.
For localized mapping: 


Figure 1 REG bundle structure for localized mapping
For localized mapping, 6 REGs for a given CCE are grouped to form a REG bundle. Figure 1 shows REG bundle structure for localized mapping in different number of OFDM symbols of CORESET.  For localized case, REG numbering can be also simply in time-first manner. As the CORESET duration increasing, the localized mapping will results in more concentrated frequency location.
For distributed mapping, it is undecided that if the REG numbering should be also be time first. If that is the case, we can have quite different REG index distributions for different CORESET duration:


(a) A CORESET with one symbol


(b) A CORESET with two symbols


(c) A CORESET with three symbols
Figure 2 REG bundle structure for distributed mapping, time-first numbering
Figure 2 shows REG bundle structure for distributed mapping. Only AL =1 is considered in Figure 2. 
As Figure 2(a) showing, 2 or 3 or 6 REGs for a given CCE are grouped to form a REG bundle in 1 symbol CORESET. Figure 2(b) and Figure 2(c) correspond to 2 and 3 symbol CORESETs, respectively.
Above on, some conclusions can be achieved for the following issues: 
· Same or different precoder is assumed across multiple REG bundles 
The following alternatives may exist for localized and distributed mapping considering the same or different precoders:
Alt 1: localized mapping with the same precoder assumed across different REG bundles
Alt 2: localized mapping with different precoder assumed across different REG bundles
Alt 3: distributed mapping with the same precoder assumed across different REG bundles
Alt 4: distributed mapping with different precoder assumed across different REG bundles
Table 1 summarizes the performance for beamforming gain, transmit diversity gain and joint channel estimation gain across REG bunles.
Table 1
	Alternatives
	beamforming gain
	transmit diversity gain
	joint channel estimation gain across REG bundles

	Alt 1
	Yes
	No
	Yes

	Alt 2
	Largest
	No
	No

	Alt 3
	No
	Yes
	No

	Alt 4
	No
	Largest
	No


Alt 3 is most impossible and can be precluded due to that it cannot bring benefit compared with Alt 4. Alt 4 can achieve largest transmit diversity gain through open loop transmission. Alt 1 can get beamforming gain through closed loop transmission, and joint channel estimation gain across REG bundles can also be achieved. It seems that Alt 2 may be operated through either closed loop transmission or open loop transmission. Closed loop transmission for Alt 2 can achieve largest beamforming gain if CSI can be got accurately. It may not get joint channel estimation gain across REG bundles. Open loop transmission for Alt 2 can achieve transmit diversity with less beamforming gain and has less joint channel estimation gain across REG bundles. In our opinion, Alt 2 may be replaced by Alt 4 if transmit diversity gain is pursued except that in some narrow band scenario it may be needed. Thus, closed loop transmission for Alt 2 is mainly discussed in this section and the following. 
As a result, Alt 1 could be considered to support in NR for more joint channel estimation gain especially when DMRS density is small. Alt 4 could be considered to support in NR for more transmit diversity gain. Whether Alt 2 should be supported in NR needs further evaluation, and section 3.1 gives the evaluation on this.
Proposal 1: 
· UE can assume different precoder across different REG bundles in distributed mapping.
· Whether UE can assume the same or different precoder across different REG bundles in localized mapping needs further evaluation.
· REG index definition in a CORESET
For a CORESET with one symbol, REG numbering only can be in frequency order. For a CORESET with more than one symbol, the numbering of within each OFDM symbol could be considered to be the same for localized mapping or distributed mapping. As comparison to Figure 1 and Figure 2, Figure 3 shows the REG numbering for a CORESET with different duration.


Figure 3 REG index for a CORESET with different duration
Through this way as showing in Figure 2-3, a unified REG index (numbering) definition can be achieved for a CORESET with different duration.
Proposal 2: The REG index should be defined only in frequency order with the same REG numbering among all the symbol(s) corresponding to the same PRB within a CORESET. 
· Interleaving for distributed PDCCH
As the same REG index for the same frequency position among different symbols within a CORESET can be assumed, it makes interleaving for a CORESET with multiple symbols shows uniform to CORESET with single symbol.  The multiplexing will be simpler.
For single symbol CORESET duration, interleaving for distributed PDCCH includes following two possible schemes: 
One is that REGs in a CCE is distributed for a CORESET, but CCEs are contiguous, seeing in Figure 4.


Figure 4 The first possible interleaving scheme
Another is that both REGs in a CCE and CCEs for a PDCCH are distributed in a CORESET, seeing in Figure 5.


Figure 5 The second possible interleaving scheme
More transmit diversity gain can be achieved by the second way, which is similar as that in LTE. Thus, this interleaving is preferred. The sub-block interleaver for one symbol in LTE could be reused in NR.
Proposal 3: 
· Both REGs in a CCE and CCEs in a PDCCH should be distributed in a CORESET for distributed mapping.
· Sub-block interleaver for one symbol in LTE could be considered reused in NR.
Simulation results
Evaluation of REG bundles for localized transmission
The bundle size of localized mapping was concluded from 6 REGs. However, whether the UE can assume the same precoder across multiple REG bundles is FFS. 
In this section, we evaluated same precoder across multiple REG bundles with shifting precoders for each REG bundles in localized transmission. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK7]Two OFDM symbols for one CORESET are assumed. DMRS with 1/6 DMRS density per REG is used. Closed loop transmission is also assumed. Further detailed simulation assumptions can be found in the Appendix-A. 
The simulation results are shown in the following, where the label ‘ALi_bs6’ means PDCCH transmission of aggregation level i (i=2/4/8) with different precoders for REG bundles. ‘ALi_bsall’ means PDCCH aggregation level i (i=2/4/8) with the same precoder across multiple REG bundles. 

(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 6 Results for different bundle size in localized mapping
From Figure 6, it can be seen that, the same precoder across multiple REG bundles shows much better performance than different precoder across multiple REG bundles. At small delay spread, up to 1.7dB gain can be achieved. While at medium or high delay spread, they show very similar performance and the difference between them is less than 0.5dB.
[bookmark: OLE_LINK1]Observation 1: 
· The same precoder across multiple REG bundles shows better performance than different precoder across multiple REG bundles especially at low delay spread and up to 1.7dB gain can be achieved.
Similar observation is for different DMRS density assumptions. The evaluation results under different DMRS density assumptions, i.e. DMRS density with 1/3 or 1/4, are shown in the Appendix-B. As a result, the same percoder across multiple REG bundles for localized transmission is preferred. 
The above analysis is based on assumption of closed loop transmission. However, if open loop transmission for localized mapping with different precoder across multiple REG bundles needs to be supported, precoder assumption would be reconsidered.
Proposal 4: UE should be configured for assuming the same precoder across multiple REG bundles for localized transmission to support closed loop transmission of NR-PDCCH. 
· FFS the precoder assumption for REG bundles if open loop transmission for localized mapping is supported for NR-PDCCH.
Evaluation of REG bundles for distributed transmission
For distributed transmission, 2 or 3 or 6 REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET. Down selection could be {2}, {3}, {2,6}, {3,6} and {2,3,6}. 
We evaluated the cases with different REG bundle size for distributed transmission. 
One symbol for CORESET is assumed. DMRS with 1/6 DMRS density per REG is used. Open loop transmission and different precoder across multiple REG bundles are assumed. Results for other DMRS densities can be found in the Appendix-A. 
The simulation results are shown in the following.

(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 7 Results for different bundling size in distributed mapping
From Figure 7 it can be seen that, for high aggregation levels such as AL8 and AL4, the PDCCH transmission with bundle size 6 outperforms other bundle sizes. The performance of bundle size 2 is similar with bundle size 3. For aggregation level 2, the PDCCH transmission with bundle size 2 or 3 shows better performance than that with bundle size 6. The performance for bundle size 2 is also very close to that for bundle size 3 in low aggregation level 2. For aggregation level 1, bundle size 2 can be up to about 1dB better. 
Observation 2: 
· Bundle size 6 shows best performance for high aggregation level(s).
· Bundle size 2 shows best performance for low aggregation level(s).
· Bundle size 2 and 3 is similar with each other for high and medium aggregation level(s). 
Similar trend is observed for different DMRS density assumptions. The evaluation results for DMRS density with 1/3 or 1/4 are shown in the Appendix-B. The bundle size of {2, 6} is preferred for distributed transmission within one symbol CORESET in distributed mapping. 
Proposal 5: The bundle size of {2, 6} is preferred for distributed transmission within one symbol CORESET in distributed mapping.
Conclusion
Based on the analysis given above, we have the following observations and proposals:
Proposal 1: 
· UE can assume different precoder across different REG bundles in distributed mapping.
· Whether UE can assume the same or different precoder across different REG bundles in localized mapping needs further evaluation.
Proposal 2: The REG index should be defined only in frequency order with the same REG numbering among all the symbol(s) corresponding to the same PRB within a CORESET. 
Proposal 3: 
· Both REGs in a CCE and CCEs in a PDCCH should be distributed in a CORESET for distributed mapping.
· Sub-block interleaver for one symbol in LTE could be considered reused in NR.
Observation 1: For localized mapping
· The same precoder across multiple REG bundles shows better performance than different precoder across multiple REG bundles especially at low delay spread and up to 1.7dB gain can be achieved.
Proposal 4: UE should be configured for assuming the same precoder across multiple REG bundles for localized transmission to support closed loop transmission of NR-PDCCH. 
· FFS the precoder assumption for REG bundles if open loop transmission for localized mapping is supported for NR-PDCCH.
Observation 2: For distributed mapping 
· Bundle size 6 shows best performance for high aggregation level(s).
· Bundle size 2 shows best performance for low aggregation level(s).
· Bundle size 2 and 3 is similar with each other for high and medium aggregation level(s). 
Proposal 5: The bundle size of {2,6} is slightly preferred for distributed transmission within one symbol CORESET.
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Appendix-A
Table 2 Simulation Assumptions
	Item
	Value

	Channel
	TDL-A, DS = 30ns,300ns,1000ns, Speed = 3kmph

	Subcarrier spacing
	15kHz

	BW of CORESET
	20MHz

	RS overhead
	1/6,1/4,1/3

	Antenna
	2*2

	Aggregation level (AL)
	1,2, 4,8

	CCE size
	6 REGs/CCE

	Bundling size
	2,3,6* REGs

	PDCCH payload
	60+16(CRC)

	Number of OFDM symbols for PDCCH
	1

	Coding
	TBCC

	Modulation 
	QPSK

	Frequency
	4GHz

	Channel estimation
	MMSE
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(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 8 RS density = 1/4 for localized transmission

(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 9 RS density = 1/3 for localized transmission
Appendix-C

(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 10  RS density = 1/4 for distributed transmission

(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 11 RS density = 1/3 for distributed transmission
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PC,distributed,60bits,30ns,RS2
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PC,distributed,60bits,300ns,RS2
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BLER



PC,distributed,60bits,1000ns,RS2
AL1_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.999	0.99724999999999997	0.97175000000000145	0.82700000000000062	0.52524999999999999	0.21425000000000033	6.5750000000000003E-2	9.2500000000000047E-3	2.2500000000000011E-3	0	AL1_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.99424999999999997	0.93375000000000064	0.7487500000000018	0.46275000000000005	0.20325000000000001	6.1500000000000013E-2	1.3750000000000005E-2	2.2500000000000011E-3	5.0000000000000034E-4	AL2_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.998	0.9345	0.63375000000000181	0.21050000000000021	2.3250000000000003E-2	1.0000000000000028E-3	0	0	0	0	AL2_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.998	0.97700000000000065	0.83575000000000133	0.51049999999999951	0.16625000000000001	2.7250000000000052E-2	1.7500000000000029E-3	0	0	0	0	AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.98899999999999999	0.91	0.71125000000000005	0.39075000000000032	0.13350000000000001	2.7750000000000011E-2	3.5000000000000057E-3	5.0000000000000034E-4	0	0	0	AL4_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.99099999999999999	0.86000000000000065	0.43450000000000066	5.8249999999999975E-2	2.2500000000000011E-3	0	0	0	0	0	0	AL4_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.99	0.82800000000000062	0.39650000000000091	6.8500000000000019E-2	2.5000000000000057E-3	0	0	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.997	0.94900000000000062	0.68300000000000005	0.26875000000000004	5.0500000000000003E-2	5.5000000000000014E-3	0	0	0	0	0	0	AL8_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.98799999999999999	0.83800000000000063	0.34600000000000031	4.8500000000000008E-2	5.0000000000000034E-4	0	0	0	0	0	0	0	AL8_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.98899999999999999	0.88300000000000001	0.38100000000000073	4.0750000000000022E-2	1.2500000000000028E-3	0	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.998	0.94900000000000062	0.64500000000000146	0.221	1.3000000000000029E-2	0	0	0	0	0	0	0	0	SNR

BLER



CL,local,60bits,30ns,RS3 
AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.998	0.95000000000000062	0.7660000000000009	0.441	0.179666666666667	5.6666666666666712E-2	1.4833333333333301E-2	3.1666666666666735E-3	1.6666666666666737E-4	0	0	0	0	AL2_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.99733333333333296	0.93266666666666698	0.73066666666666702	0.39516666666666778	0.14900000000000019	4.4500000000000033E-2	1.0999999999999998E-2	3.0000000000000035E-3	1.6666666666666737E-4	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.92933333333333301	0.76733333333333364	0.38666666666666766	0.13366666666666688	3.9166666666666697E-2	9.5000000000000067E-3	3.0000000000000035E-3	0	0	0	0	0	0	AL4_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.88333333333333297	0.65933333333333377	0.27766666666666745	8.3666666666666945E-2	2.333333333333331E-2	5.5000000000000014E-3	6.6666666666666773E-4	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.71466666666666701	0.39933333333333298	0.12200000000000009	2.5833333333333333E-2	7.5000000000000101E-3	2.3333333333333335E-3	3.3333333333333348E-4	0	0	0	0	0	0	AL8_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.52800000000000002	0.25	6.5333333333333451E-2	1.4E-2	4.0000000000000062E-3	8.3333333333333447E-4	0	0	0	0	0	0	0	SNR

BLER



CL,local,60bits,300ns,RS3 
AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.99533333333333296	0.95933333333333304	0.80600000000000005	0.52249999999999996	0.203666666666667	5.4500000000000014E-2	1.03333333333333E-2	2.5000000000000035E-3	3.3333333333333348E-4	1.6666666666666737E-4	0	0	0	AL2_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.996	0.960666666666667	0.79166666666666696	0.51349999999999996	0.205666666666667	5.6166666666666712E-2	1.43333333333333E-2	1.6666666666666728E-3	3.3333333333333348E-4	1.6666666666666737E-4	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.95200000000000062	0.77066666666666761	0.37433333333333302	0.129	2.35E-2	1.1666666666666715E-3	1.6666666666666737E-4	0	0	0	0	0	0	AL4_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.92666666666666697	0.72933333333333294	0.36066666666666752	0.13216666666666688	2.8166666666666677E-2	2.0000000000000031E-3	0	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.72000000000000064	0.33866666666666789	5.3333333333333427E-2	6.0000000000000071E-3	0	0	0	0	0	0	0	0	0	AL8_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.6420000000000009	0.30466666666666753	5.0666666666666714E-2	6.6666666666666714E-3	0	0	0	0	0	0	0	0	0	SNR

BLER



CL,local,60bits,1000ns,RS3 
AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.99133333333333296	0.86300000000000077	0.60200000000000065	0.26750000000000002	7.3833333333333445E-2	9.0000000000000028E-3	1.6666666666666737E-4	0	0	0	0	0	AL2_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.98799999999999999	0.84366666666666701	0.58233333333333259	0.26466666666666738	7.6333333333333434E-2	1.2166666666666701E-2	1.6666666666666737E-4	0	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.99133333333333296	0.86400000000000077	0.483333333333333	0.177666666666667	3.3666666666666699E-2	2.6666666666666731E-3	1.6666666666666737E-4	0	0	0	0	0	0	AL4_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.98	0.81733333333333302	0.43566666666666753	0.176666666666667	3.1000000000000034E-2	2.3333333333333335E-3	1.6666666666666737E-4	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.79266666666666696	0.357333333333333	5.3999999999999999E-2	2.3333333333333335E-3	0	0	0	0	0	0	0	0	0	AL8_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.7620000000000009	0.349333333333333	5.4333333333333476E-2	3.5000000000000035E-3	0	0	0	0	0	0	0	0	0	SNR

BLER



CL,local,60bits,30ns,RS4 
AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.99824999999999997	0.97975000000000112	0.84888000000000063	0.58049999999999957	0.26812000000000002	8.3750000000000255E-2	1.9810000000000032E-2	4.5000000000000014E-3	1.1900000000000033E-3	1.2999999999999999E-4	0	0	0	AL2_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.998	0.96100000000000063	0.82500000000000062	0.56030999999999997	0.28819	0.10843999999999998	2.9190000000000001E-2	7.1900000000000089E-3	1.6900000000000046E-3	3.7000000000000086E-4	6.0000000000000144E-5	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.94099999999999995	0.69575000000000065	0.394870000000001	0.17963000000000001	5.8500000000000003E-2	1.319E-2	3.1900000000000045E-3	3.7000000000000086E-4	6.0000000000000144E-5	0	0	0	0	AL4_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.93049999999999999	0.70025000000000004	0.38962000000000063	0.16256000000000001	5.2749999999999998E-2	1.5250000000000001E-2	2.9399999999999999E-3	2.5000000000000055E-4	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.65900000000000125	0.34	0.11924999999999998	2.7500000000000011E-2	3.31E-3	6.200000000000013E-4	0	0	0	0	0	0	0	AL8_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.51124999999999998	0.21725000000000028	7.350000000000001E-2	2.1129999999999999E-2	5.5000000000000014E-3	1.3100000000000028E-3	6.0000000000000144E-5	0	0	0	0	0	0	SNR

BLER



CL,local,60bits,300ns,RS4 
AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.99950000000000006	0.98824999999999996	0.87963000000000124	0.62000000000000099	0.29637000000000063	8.7000000000000022E-2	1.5120000000000001E-2	2.1300000000000012E-3	2.5000000000000055E-4	0	0	0	0	AL2_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.99975000000000003	0.98399999999999999	0.86350000000000005	0.61012999999999995	0.29850000000000032	0.10088	2.2940000000000002E-2	2.6300000000000039E-3	1.9000000000000058E-4	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.97950000000000004	0.82850000000000001	0.47487000000000062	0.14756000000000025	2.5059999999999999E-2	1.8799999999999999E-3	0	0	0	0	0	0	0	AL4_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.96050000000000002	0.80525000000000002	0.48875000000000002	0.20305999999999999	4.7750000000000091E-2	4.2500000000000003E-3	1.2999999999999999E-4	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.75700000000000112	0.36750000000000038	8.3000000000000046E-2	8.3100000000000066E-3	1.9000000000000058E-4	0	0	0	0	0	0	0	0	AL8_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.66775000000000151	0.28775000000000001	8.4750000000000214E-2	1.2749999999999996E-2	5.0000000000000034E-4	0	0	0	0	0	0	0	0	SNR

BLER



CL,local,60bits,1000ns,RS4 
AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.99299999999999999	0.92337000000000002	0.64750000000000063	0.33350000000000063	0.11481	2.2250000000000002E-2	2.5000000000000044E-3	2.5000000000000055E-4	0	0	0	0	AL2_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.99424999999999997	0.9395	0.69325000000000003	0.35713	0.11463000000000002	2.231E-2	2.6300000000000039E-3	6.0000000000000144E-5	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.98649999999999949	0.88249999999999951	0.56075000000000064	0.21556000000000028	3.9190000000000003E-2	3.120000000000006E-3	1.2999999999999999E-4	0	0	0	0	0	0	AL4_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.98224999999999996	0.85500000000000065	0.58749999999999958	0.24137	5.169E-2	5.0600000000000003E-3	1.2999999999999999E-4	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.83500000000000063	0.40500000000000008	8.0250000000000044E-2	6.250000000000009E-3	2.5000000000000055E-4	0	0	0	0	0	0	0	0	AL8_bsAll	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.76750000000000063	0.36625000000000002	8.5250000000000006E-2	8.2500000000000177E-3	1.2999999999999999E-4	0	0	0	0	0	0	0	0	SNR

BLER



PC,distributed,60bits,30ns,RS3
AL1_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.98249999999999948	0.92300000000000004	0.73925000000000063	0.45950000000000002	0.21525000000000033	8.2750000000000046E-2	3.0000000000000002E-2	8.0000000000000227E-3	3.5000000000000057E-3	AL1_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.999	0.97425000000000062	0.89049999999999996	0.67300000000000182	0.42375000000000002	0.21050000000000021	7.7000000000000013E-2	3.3250000000000002E-2	1.1800000000000038E-2	6.4000000000000142E-3	AL2_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.997	0.96500000000000064	0.76725000000000065	0.42325000000000002	0.15500000000000036	4.0500000000000008E-2	7.5000000000000145E-3	5.0000000000000034E-4	2.5000000000000071E-4	0	0	AL2_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.99299999999999999	0.93500000000000005	0.69425000000000003	0.37425000000000008	0.13125000000000001	3.125E-2	7.2500000000000108E-3	7.5000000000000164E-4	2.5000000000000071E-4	0	0	AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.999	0.98199999999999998	0.88	0.61575000000000146	0.3300000000000009	0.13500000000000001	4.2500000000000024E-2	1.1000000000000031E-2	2.7500000000000011E-3	1.0000000000000028E-3	0	0	AL4_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.998	0.93400000000000005	0.70000000000000062	0.3295000000000009	9.4250000000000264E-2	2.2750000000000006E-2	3.2500000000000077E-3	2.5000000000000071E-4	0	0	0	0	AL4_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.98899999999999999	0.89800000000000002	0.63000000000000145	0.26	7.1250000000000008E-2	1.6250000000000007E-2	1.2500000000000028E-3	5.0000000000000034E-4	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.996	0.96500000000000064	0.81800000000000062	0.48400000000000032	0.18925000000000036	5.1000000000000004E-2	1.1750000000000003E-2	3.2500000000000077E-3	0	0	0	0	0	AL8_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.996	0.94100000000000061	0.66400000000000181	0.30000000000000032	8.0750000000000252E-2	1.3500000000000031E-2	1.0000000000000028E-3	0	0	0	0	0	0	AL8_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.99	0.87600000000000144	0.53400000000000003	0.24600000000000033	4.8250000000000008E-2	7.0000000000000114E-3	1.7500000000000029E-3	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.96100000000000063	0.75500000000000145	0.40100000000000002	0.18900000000000036	2.7500000000000011E-2	3.7500000000000077E-3	2.5000000000000071E-4	0	0	0	0	0	0	SNR

BLER



PC,distributed,60bits,300ns,RS3
AL1_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.99775000000000003	0.96600000000000064	0.81950000000000001	0.50900000000000001	0.2235	7.3750000000000024E-2	1.7000000000000005E-2	4.5000000000000014E-3	1.2500000000000028E-3	AL1_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.999	0.99199999999999999	0.9365	0.75925000000000065	0.47050000000000008	0.23050000000000001	8.5500000000000048E-2	2.300000000000001E-2	5.2500000000000107E-3	7.5000000000000164E-4	AL2_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.999	0.98599999999999999	0.82975000000000065	0.43250000000000038	0.10775000000000012	1.1750000000000003E-2	7.5000000000000164E-4	0	0	0	0	AL2_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.996	0.93700000000000061	0.76775000000000182	0.41100000000000031	0.11650000000000002	1.6000000000000021E-2	1.5000000000000029E-3	0	0	0	0	AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.99399999999999999	0.96300000000000063	0.72375000000000145	0.38625000000000032	0.12350000000000012	2.6750000000000006E-2	3.2500000000000077E-3	0	0	0	0	AL4_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.96500000000000064	0.71400000000000063	0.22825000000000001	3.2000000000000042E-2	1.2500000000000028E-3	0	0	0	0	0	0	AL4_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.998	0.95000000000000062	0.66900000000000182	0.24025000000000021	3.125E-2	1.7500000000000029E-3	0	0	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.99	0.87300000000000133	0.56300000000000061	0.20875000000000021	3.8500000000000006E-2	2.7500000000000011E-3	0	0	0	0	0	0	AL8_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.97400000000000064	0.72200000000000064	0.27600000000000002	2.1750000000000005E-2	5.0000000000000034E-4	0	0	0	0	0	0	0	AL8_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.998	0.92400000000000004	0.55600000000000005	0.16400000000000001	7.7500000000000164E-3	5.0000000000000034E-4	0	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.97400000000000064	0.79200000000000004	0.41700000000000031	0.10100000000000002	7.5000000000000145E-3	7.5000000000000164E-4	0	0	0	0	0	0	0	SNR

BLER



PC,distributed,60bits,1000ns,RS3
AL1_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.999	0.98899999999999999	0.90300000000000002	0.66425000000000145	0.31225000000000008	0.10100000000000002	1.9250000000000003E-2	1.7500000000000029E-3	0	AL1_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.99724999999999997	0.96400000000000063	0.82075000000000065	0.53	0.2535	7.1750000000000008E-2	1.4750000000000003E-2	2.5000000000000057E-3	1.5000000000000029E-3	AL2_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.99199999999999999	0.90600000000000003	0.55075000000000063	0.16075	2.1000000000000012E-2	7.5000000000000164E-4	0	0	0	0	AL2_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.98599999999999999	0.84075000000000133	0.48275000000000001	0.14500000000000021	2.1500000000000005E-2	2.2500000000000011E-3	0	0	0	0	AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.999	0.95900000000000063	0.75425000000000064	0.43525000000000008	0.14350000000000004	2.9500000000000005E-2	3.0000000000000057E-3	2.5000000000000071E-4	0	0	0	AL4_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.98	0.86200000000000065	0.40700000000000008	4.8000000000000022E-2	7.5000000000000164E-4	0	0	0	0	0	0	AL4_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.98099999999999998	0.80200000000000005	0.30025000000000002	3.8500000000000006E-2	1.2500000000000028E-3	0	0	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.999	0.98299999999999998	0.91100000000000003	0.66400000000000181	0.25824999999999998	4.5500000000000013E-2	3.2500000000000077E-3	0	2.5000000000000071E-4	0	0	0	0	AL8_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.995	0.85700000000000065	0.30700000000000038	4.5000000000000012E-2	2.0000000000000052E-3	0	0	0	0	0	0	0	AL8_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.998	0.97700000000000065	0.71700000000000064	0.16700000000000001	1.1250000000000003E-2	0	0	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.998	0.9	0.505	0.11800000000000002	9.7500000000000208E-3	0	0	0	0	0	0	0	0	SNR
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PC,distributed,60bits,30ns,RS4
AL1_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.9954999999999995	0.95950000000000002	0.83825000000000005	0.62100000000000133	0.34800000000000031	0.15700000000000036	5.8500000000000003E-2	2.7250000000000052E-2	1.1750000000000003E-2	AL1_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.99049999999999949	0.94500000000000062	0.80900000000000005	0.55375000000000063	0.29675000000000001	0.14250000000000004	6.0250000000000012E-2	2.2250000000000016E-2	1.3000000000000029E-2	AL2_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.999	0.96800000000000064	0.80425000000000002	0.47575000000000001	0.18700000000000036	5.1499999999999997E-2	9.5000000000000067E-3	1.0000000000000028E-3	5.0000000000000034E-4	0	0	AL2_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.997	0.94200000000000061	0.75225000000000064	0.42975000000000002	0.16700000000000001	4.2500000000000024E-2	8.0000000000000227E-3	2.2500000000000011E-3	5.0000000000000034E-4	0	0	AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.98399999999999999	0.91200000000000003	0.70400000000000063	0.40150000000000002	0.17025000000000001	6.25E-2	1.7500000000000005E-2	4.5000000000000014E-3	1.2500000000000028E-3	0	0	AL4_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.94700000000000062	0.72500000000000064	0.33700000000000091	0.10100000000000002	2.3250000000000003E-2	3.0000000000000057E-3	2.5000000000000071E-4	0	0	0	0	AL4_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.99099999999999999	0.91200000000000003	0.64400000000000146	0.28275	8.7000000000000022E-2	1.6000000000000021E-2	2.2500000000000011E-3	0	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.997	0.96800000000000064	0.85000000000000064	0.56700000000000061	0.23125000000000001	6.8500000000000019E-2	1.3250000000000003E-2	2.5000000000000057E-3	5.0000000000000034E-4	0	0	0	0	AL8_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.998	0.93100000000000005	0.61800000000000133	0.29800000000000032	7.3000000000000009E-2	1.4250000000000002E-2	1.2500000000000028E-3	2.5000000000000071E-4	0	0	0	0	0	AL8_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.98699999999999999	0.87200000000000133	0.53700000000000003	0.254	4.7000000000000014E-2	8.7500000000000026E-3	1.0000000000000028E-3	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.96500000000000064	0.79200000000000004	0.42400000000000032	0.19500000000000001	3.6250000000000011E-2	3.7500000000000077E-3	5.0000000000000034E-4	0	0	0	0	0	0	SNR
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PC,distributed,60bits,300ns,RS4
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PC,distributed,60bits,1000ns,RS4
AL1_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	1	0.99524999999999997	0.94750000000000001	0.76225000000000065	0.45875000000000005	0.18650000000000036	4.3249999999999955E-2	5.7500000000000034E-3	1.0000000000000028E-3	AL1_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.9994999999999995	0.98899999999999999	0.92749999999999999	0.76625000000000065	0.47575000000000001	0.20875000000000021	7.6500000000000012E-2	1.3000000000000029E-2	1.5000000000000029E-3	AL2_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.995	0.93375000000000064	0.62325000000000064	0.191	1.7500000000000005E-2	0	0	0	0	0	AL2_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.999	0.98599999999999999	0.85650000000000004	0.50724999999999998	0.15375000000000033	2.3750000000000004E-2	1.7500000000000029E-3	0	0	0	0	AL2_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.95400000000000063	0.8175	0.51975000000000005	0.21050000000000021	4.9500000000000023E-2	4.0000000000000105E-3	0	0	0	0	AL4_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.999	0.91500000000000004	0.44624999999999998	7.350000000000001E-2	2.0000000000000052E-3	0	0	0	0	0	0	AL4_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.98599999999999999	0.78500000000000003	0.34325	4.5750000000000013E-2	1.5000000000000029E-3	0	0	0	0	0	0	AL4_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.999	0.99399999999999999	0.94900000000000062	0.73800000000000132	0.27500000000000002	4.6750000000000014E-2	3.2500000000000077E-3	0	0	0	0	0	0	AL8_bs2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.98499999999999999	0.76700000000000146	0.23100000000000001	3.1750000000000007E-2	1.0000000000000028E-3	0	0	0	0	0	0	0	AL8_bs3	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.98	0.78700000000000003	0.23700000000000004	1.1750000000000003E-2	0	0	0	0	0	0	0	0	AL8_bs6	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.999	0.94800000000000062	0.53900000000000003	0.10500000000000002	9.0000000000000028E-3	0	0	0	0	0	0	0	0	SNR
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