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[bookmark: _Ref145072507]Introduction
This contribution contains Nokia’s initial simulation results for the <5MHz WID [1]. The results are provided to aid in determining where new requirements can/should be introduced.

Simulation results
PDSCH simulation results
All simulation results below are done with the following:
· Carrier: 900MHz
· SCS: 15kHz
· CBW: 10MHz
· FDD
Table 1:PDSCH simulation results
	Test num.
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	
	
	
	
	
	52PRB
	15PRB
	12PRB

	RANK 1

	1
	QPSK, 0.30
	TDLB100-400
	2x4, ULA Low
	70
	-6.1
	-5.7
	-5.8

	2
	QPSK, 0.30
	TDLC300-100
	2x4, ULA Low
	70
	-5.7
	-5.5
	-5.5

	3
	16QAM, 0.48
	TDLC300-100
	2x4, ULA Low
	30
	-4.1
	-4.1
	-4.1

	RANK 2

	4
	64QAM, 0.50
	TDLA30-10
	2x4, ULA Low
	70
	6.7
	6.4
	6.45



As expected, only minor changes in SNR are seen when going from 52PRB to 12 PRB when keeping the same CBW. We do however expect more significant changes in SNR when reducing the CBW for 15 and 12 PRB to 3MHz as we see the UE performance will be more susceptible to the edge effect of the implementation in particular related to the channel smoothening and filter implementation.
With 10MHz CBW and reduced PRB there is minor changes in the 70% SNR level. We expect more significant changes in SNR when the CBW is 3MHz due to edge-effect of the PRBs will have more impact on throughput.

PDCCH simulation results
As there do not exist requirements for 5MHz and since CCE puncturing is expected to have some impact on simulation results, we have focused our simulation on showing the impact with relation to:
· Number of RBs reduced to 15 and in 1 case 12
· Use of both 2 and 3 symbols for coreset duration
· AL4 and AL8
· With and without interleaving
We have included Figure 1 which shows how CCE puncturing will occur for different configurations.
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[bookmark: _Ref145587997]Figure 1: CCE to REG mapping with interleaved and non-interleaved options in 15 RB CORESET#0

Our simulation results are shown in the following tables:
Table 2: PDCCH simulation results for 1Tx 2Rx / 15RB
	Test#
	Bandwidth (MHz)
	Coreset RB
	Coreset duration
	AL
	PropCond
	Ant Cfg
	Interleaved
	pm-dsg(%)
	SNR(dB)

	1-1
	5
	15
	2
	4
	TDLA30-10
	1x2 Low
	no
	1
	2.2

	1-2
	5
	15
	2
	8
	TDLA30-10
	1x2 Low
	no
	1
	1.2

	1-3
	5
	15
	3
	8
	TDLA30-10
	1x2 Low
	no
	1
	-0.5

	1-4
	5
	15
	2
	8
	TDLA30-10
	1x2 Low
	yes
	1
	1.2

	1-5
	5
	15
	3
	8
	TDLA30-10
	1x2 Low
	yes
	1
	0.4



Table 3: PDCCH simulation results for 1Tx 2Rx / 12RB
	Test#
	Bandwidth (MHz)
	Coreset RB
	Coreset duration
	AL
	PropCond
	Ant Cfg
	Interleaved
	pm-dsg(%)
	SNR(dB)

	2-1
	5
	12
	2
	4
	TDLA30-10
	1x2 Low
	yes
	1
	2.2



Table 4: PDCCH simulation results for 2Tx 2Rx / 15RB
	Test#
	Bandwidth (MHz)
	Coreset RB
	Coreset duration
	AL
	PropCond
	Ant Cfg
	Interleaved
	pm-dsg(%)
	SNR(dB)

	3-1
	5
	15
	2
	4
	TDLC300-100
	2x2 Low
	no
	1
	-2

	3-2
	5
	15
	2
	8
	TDLC300-100
	2x2 Low
	no
	1
	-3

	3-3
	5
	15
	3
	8
	TDLC300-100
	2x2 Low
	no
	1
	-4.7

	3-4
	5
	15
	2
	8
	TDLC300-100
	2x2 Low
	yes
	1
	-3

	3-5
	5
	15
	3
	8
	TDLC300-100
	2x2 Low
	yes
	1
	-3.6



Table 5: PDCCH simulation results for 1Tx 4Rx / 15RB
	Test#
	Bandwidth (MHz)
	Coreset RB
	Coreset duration
	AL
	PropCond
	Ant Cfg
	Interleaved
	pm-dsg(%)
	SNR(dB)

	4-1
	5
	15
	2
	4
	TDLA30-10
	1x4 Low
	no
	1
	-4

	4-2
	5
	15
	2
	8
	TDLA30-10
	1x4 Low
	no
	1
	-4.8

	4-3
	5
	15
	3
	8
	TDLA30-10
	1x4 Low
	no
	1
	-6.5

	4-4
	5
	15
	2
	8
	TDLA30-10
	1x4 Low
	yes
	1
	-4.8

	4-5
	5
	15
	3
	8
	TDLA30-10
	1x4 Low
	yes
	1
	-5.3



Table 6: PDCCH simulation results for 2Tx 4Rx / 15RB
	Test#
	Bandwidth (MHz)
	Coreset RB
	Coreset duration
	AL
	PropCond
	Ant Cfg
	Interleaved
	pm-dsg(%)
	SNR(dB)

	5-1
	5
	15
	2
	4
	TDLC300-100
	2x4 Low
	no
	1
	-6

	5-2
	5
	15
	2
	8
	TDLC300-100
	2x4 Low
	no
	1
	-6.8

	5-3
	5
	15
	3
	8
	TDLC300-100
	2x4 Low
	no
	1
	-8.3

	5-4
	5
	15
	2
	8
	TDLC300-100
	2x4 Low
	yes
	1
	-6.8

	5-5
	5
	15
	3
	8
	TDLC300-100
	2x4 Low
	yes
	1
	-7.3



We have the following observations based on our simulation results when using 5MHz CBW:
For AL4, 2 symbols, non-interleaved, there is no puncturing as all CCEs can be fully included in the available 12/15 PRB. The results correspond to existing requirements in 38.101-4 when taking impairments and margin into account. Since there is no puncturing, no change will be seen with interleaving.
For AL8, 2 symbols, non-interleaved, 3 CCEs are punctured which results in 0.8 to 1dB lower SNR compared to AL4.
For AL8, 3 symbols, non-interleaved, only 0.5CCE is punctured which results in 1.5 dB lower SNR compared to AL8 with only 2 symbols.
For AL8, 2 symbols, interleaved provides the same result as non-interleaved as there is no change in the number of punctured CCEs.
For AL8, 3 symbols, interleaved there is an increase in SNR of 0.5dB due to the puncturing of 2 additional CCEs compared to the non-interleaved case.

PBCH simulation results
All simulation results below are done with the following:
· Block index known
· SCS: 15KHz
· CBW: 10Mhz
· Propagation conditions: TDLC300-100

Table 7 PBCH simulation results with Block index known
	Test Number
	 4Ghz CC, 

SNR [dB]
	900Mhz CC

SNR [dB]
	900MHz CC
12PRB
SNR [dB]

	1Tx2Rx
	
	
	

	1
	-11.2
	-11.2
	-6.2

	1Tx4Rx
	
	
	

	2
	-13.9
	-13.9
	-9.7



As expected, we do not see any degradation when going from 4GHz to 900MHz CC when keeping the 10MHz CBW. However, when puncturing the PBCH down to 12PRB a significant degradation is seen.
For PBCH, significant impact is seen when reducing to 12PRB.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Within this contribution we have provided our simulation results PDSCH, PDCCH and PBCH related to <5MHz CBW.
We have made the following observations:
PDSCH
With 10MHz CBW and reduced PRB there is minor changes in the 70% SNR level for PBSCH. We expect more significant changes in SNR when the CBW is 3MHz due to edge-effect of the PRBs will have more impact on throughput.

PDCCH
For AL4, 2 symbols, non-interleaved, there is no puncturing as all CCEs can be fully included in the available 12/15 PRB. The results correspond to existing requirements in 38.101-4 when taking impairments and margin into account. Since there is no puncturing, no change will be seen with interleaving.
For AL8, 2 symbols, non-interleaved, 3 CCEs are punctured which results in 0.8 to 1dB lower SNR compared to AL4.
For AL8, 3 symbols, non-interleaved, only 0.5CCE is punctured which results in 1.5 dB lower SNR compared to AL8 with only 2 symbols.
For AL8, 2 symbols, interleaved provides the same result as non-interleaved as there is no change in the number of punctured CCEs.
For AL8, 3 symbols, interleaved there is an increase in SNR of 0.5dB due to the puncturing of 2 additional CCEs compared to the non-interleaved case.

PBCH
For PBCH, significant impact is seen when reducing to 12PRB.
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