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1. Introduction
In RAN4#94e meeting, simulation assumptions for demod requirements are agreed and captured in WF[1], with a few open issues. In this paper, we provide simulation results and present our views on the open issues.
2. Discussion

Simulation assumptions for PMCH detection requirement
Applicability rule
In RAN4#94e meeting, applicability rules for demod requirements were discussed and kept open for further discussion. Since broadcasting services may differ across different regions and different applications. For example, Td=4 and Td=2 RS types might be supported in different regions; for car mounted devices, 2.5kHz SCS numerology might be a preferred feature to support, while rooftop devices might prefer supporting 370Hz SCS numerology. Therefore, we propose to set demod requirement applicability rule according to the UE capability list agreed by RAN1 (currently under discussion). If a feature is optional, the corresponding demod tests apply only when the UE capability is signaled (for UL capable UE) or declared (for Rx only UE). For a mandatory feature, the corresponding demod tests apply to all UEs.  
Proposal 1: Set demod requirement applicability rule according to the UE capability list agreed by RAN1 (currently under discussion). If a feature is optional, the corresponding demod tests apply only when the UE capability is signaled or declared. For a mandatory feature, the corresponding demod tests apply to all UEs.

Rooftop scenario
As agreed in RAN4#94e, we use the following propagation condition as the starting point for rooftop scenario PMCH simulations. Note that we assume in rooftop scenario, both Tx and Rx are stable with zero Doppler spread.

	Delay (us)
	0
	130
	220
	240
	400
	520
	650
	800

	Relative power (dB)
	-11
	-10
	-4.5
	-3.5
	0
	-13
	-20
	-25


Table 2‑1 Rooftop scenario propagation condition
We sweep the MCS/TBS values as agreed in RAN4#94e and email discussion as below. 

	MCS
	Round to closest TBS

	18 (Dt=2)
	48936

	18 (Dt=4)
	55056

	21
	63776

	22
	68808

	24
	81176


Other simulation assumptions from RAN4#94e meeting are listed below:

	Test number
	Cell
	Bandwidth (MHz)
	Modulation order
	Propagation
condition
	Antenna configuration
	Test metric
	MBSFN RS type
	Number of MBSFN subframes per 40ms

	1
	Dedicated
	10
	TBD
	TBD
	1x1
	1% PMCH BLER
	1
	13

	2
	Dedicated
	10
	TBD
	TBD
	1x1
	1% PMCH BLER
	2
	13


Table 2‑2 Simulation assumptions for rooftop scenario PMCH demod test
The simulation results are shown below for Td=2 and Td=4 RS types. The SNR numbers in the legends are the SNR points achieving 1% PMCH BLER, SNR=100 means 1% BLER is not achievable. We can observe from the figure that with Td=4 RS type, 1% PMCH BLER is achieved at >25dB SNR, while with Td=2 RS type, 1% PMCH BLER is below the error floor in high SNR region. When taking implementation margin into consideration, 1% PMCH BLER SNR for Td=4 RS type is quite close to 30dB, which considered as very high SNR in the field. 

Therefore, we propose to set MCS 22 for both Td = 4 and Td = 2 RS types. From our simulation results, MCS 22 is the highest MCS that can guarantee UE to achieve 1% PMCH BLER in both Td = 4 and Td = 2 RS types in practice. MCS 22 has code rate of 0.52 in Td=4 and code rate of 0.57 in Td=2, which consider as very high code rate given the large delay spread considered in the agreed propagation condition.
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Figure 2‑1 Simulation results for Td=4 in rooftop scenario
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Figure 2‑2 Simulation results for Td=2 in rooftop scenario
Based on the simulation results, we propose the following configuration for rooftop scenario PMCH demod requirement:

	Parameter
	Unit
	

	Downlink power allocation
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	dB
	0 (Note 1)

	
	(
	dB
	0
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at antenna port
	dBm/15kHz
	-98

	PDSCH transmission mode in PCell 
	
	1

	Subcarrier spacing for MBSFN cell
	kHz
	0.37 kHz

	Bandwidth
	MHz
	10(Note 2)

	Note 1:
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Table 2‑3 Rooftop PMCH test configuration
	Test number
	Cell
	Bandwidth (MHz)
	Modulation order
	Propagation condition
	Antenna configuration
	Test metric
	MBSFN RS type
	Number of MBSFN subframes per 40ms

	1
	Pcell
	10
	NA
	AWGN
	1x1
	NA
	NA
	NA

	
	Dedicated
	10
	MCS 22
	Table 2‑1 with zero Doppler
	1x1
	1% PMCH BLER
	1
	13

	2
	Pcell
	10
	NA
	AWGN
	1x1
	NA
	NA
	NA

	
	Dedicated
	10
	MCS 22
	Table 2‑1 with zero Doppler
	1x1
	1% PMCH BLER
	2
	13


Table 2‑4 Rooftop PMCH test condition
Proposal 2: Rooftop PMCH demod tests are defined as Table 2‑1, Table 2‑3, Table 2‑4. 

Mobility scenario

The agreed starting point for channel profile from RAN4#94e is 


	Extended Delay Spread

	Relative Delay [ns]
	Relative Mean Power [dB]

	-310
	-3.6

	-280
	-1.5

	-160
	-1.4

	0
	0

	60
	-0.6

	780
	-7.0

	49650
	-10

	49680
	-11.5

	49800
	-11.4

	49960
	-13.6

	50020
	-10.6

	50740
	-17.0

	109650
	-20

	109680
	-21.5

	109800
	-21.4

	109960
	-23.6

	110020
	-20.6

	110740
	-27.0


Table 2‑5 Mobility scenario propagation condition
The agreed MCS starting point is MCS 12 with TBS=9912. The agreed Doppler spread is 162Hz. Other simulation assumptions from RAN4#94e meeting are listed below:

	Test number
	Cell
	Bandwidth(MHz)
	Modulation order
	Propagation
condition
	Antenna configuration
	Test metric
	Number of MBSFN subframes per 40 ms

	1
	Dedicated
	10
	TBD
	TBD
	1x2 low
	1% PMCH BLER
	39


Table 2‑6 Simulation assumptions for mobility scenario
With the above channel profile, MCS starting point and simulation assumptions, our simulation result is provided below:

[image: image7.png]BLER

1071

1072

1073

1074

Car_LPLT_100_400_Fd2_Td2_CHtest

TBS_9912 SNR=13.3613

5 10 15
CINR (dB)

20




Figure 2‑3 Simulation results for mobility scenario

PMCH 1% BLER can be achieved at SNR=13.3dB, error floor is not presented down to 0.1% BLER region, which provides enough margin to achieve 1% BLER in real implementation. Therefore, the above channel profile and MCS is feasible for mobility scenario.

Based on the simulation results, we propose the following configuration for rooftop scenario PMCH demod requirement:

	Parameter
	Unit
	

	Downlink power allocation
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	dBm/15kHz
	-98

	PDSCH transmission mode in PCell 
	
	1

	Subcarrier spacing for MBSFN cell
	kHz
	2.5 kHz

	Bandwidth
	MHz
	10(Note 2)

	Note 1:
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Table 2‑7 Mobility PMCH test configuration
	Test number
	Cell
	Bandwidth (MHz)
	Modulation order
	Propagation condition
	Antenna configuration
	Test metric
	MBSFN RS type
	Number of MBSFN subframes per 40ms

	1
	Pcell
	10
	NA
	AWGN
	1x1
	NA
	NA
	NA

	
	Dedicated
	10
	MCS 15
	Table 2‑4 with Doppler spread 162Hz
	1x1
	1% PMCH BLER
	1
	13


Table 2‑8 Mobility PMCH test condition

Proposal 3: Mobility PMCH demod tests are defined as Table 2‑5, Table 2‑7, Table 2‑8. 

Simulation assumption for CAS requirement

PBCH simulation assumption

The agreed simulation assumptions are listed below:

	Test number
	PBCH repetition pattern
	PBCH Bandwidth
	Transmission bandwidth
	Reference channel
	Propagation

condition
	Antenna configuration
	Test metric

	1
	Table 6.6.4.1-1 in TS 36.211
	1.4MHz
	10MHz
	Table 2.2.3-2
	[AWGN]
	1x1
	1% Pm-bch

	2
	Table 6.6.4.1-1 in TS 36.211
	1.4MHz
	10MHz
	Table 2.2.3-2
	[EVA162Hz]
	1x2 low
	1% Pm-bch


Table 2‑9 Simulation assumptions for CAS PBCH test
	[image: image12.png]



	Slot and symbol number pair [image: image14.png]




	
	Normal cyclic prefix
	Extended cyclic prefix

	0
	(0, 4)
	-

	1
	(1, 4)
	(0, 3)

	2
	(1, 5)
	(1, 4)

	3
	(0, 3), (1, 6)
	(1, 5)


Table 2‑10 Table 6.6.4.1-1 in TS 36.211
	Parameter
	Value

	Number of transmitter antennas
	1

	Channel bandwidth
	1.4MHz

	Modulation
	QPSK

	Target coding rate
	40/4416

	Payload (without CRC)
	24


Table 2‑11 Reference measurement channel for CAS PBCH
With the above agreed simulation assumptions, our simulation results are provided below:
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Figure 2‑4 Simulation results for PBCH in rooftop scenario
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Figure 2‑5 Simulation results for PBCH in mobility scenario
PBCH 1% BLER can be achieve at -10.7dB and -9.5dB for rooftop and mobility scenarios, respectively, and no error floor is presented down to 0.1% BLER, which provides enough margin to achieve 1% BLER in real implementation. Therefore, the agreed simulation assumptions are feasible for deriving PBCH detection requirement, the square bracket around channel condition can be removed.
Proposal 4: CAS PBCH test can be defined as Table 2‑9, Table 2‑11.
 PDCCH simulation results
As suggested in RAN4#94e agreed WF, we provided the simulation results for PDCCH in both rooftop and mobility scenario, using the same channel as agreed in PBCH simulation assumptions. The simulation results are shown in below figures.

These results are collected from simulations with 2500 subframes. Therefore, we can focus on 1~10% BLER region. In both rooftop and mobility scenarios, we observe a constant SNR gap between AL8 and AL16 curves. In RAN4#94e email discussion [2], all UE vendors commented that AL8 and AL16 are decoded by exactly the same algorithm. Since the same algorithm is used and constant SNR gap is observed, we can conclude that the UE which is capable of decoding legacy PDCCH is also capable of decoding the new AL16 PDCCH. Therefore, legacy PDCCH test coverage is enogh to guarantee the PDCCH performance in 5G terreterial broadcast, new demod requirement for AL16 is not needed. 

Proposal 5: Do not define new requirement for AL16 PDCCH in CAS.
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Table 2‑12 Simulation results for PDCCH in rooftop scenario
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Table 2‑13 Simulation results for PDCCH in mobility scenario
3. Conclusions

Proposal 1: Set demod requirement applicability rule according to the UE capability list agreed by RAN1 (currently under discussion). If a feature is optional, the corresponding demod tests apply only when the UE capability is signaled or declared. For a mandatory feature, the corresponding demod tests apply to all UEs.

Proposal 2: Rooftop PMCH demod tests are defined as Table 2‑1, Table 2‑3, Table 2‑4. 
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	Test number
	Cell
	Bandwidth (MHz)
	Modulation order
	Propagation condition
	Antenna configuration
	Test metric
	MBSFN RS type
	Number of MBSFN subframes per 40ms

	1
	Pcell
	10
	NA
	AWGN
	1x1
	NA
	NA
	NA

	
	Dedicated
	10
	MCS 22
	Table 2‑1 with zero Doppler
	1x1
	1% PMCH BLER
	1
	13

	2
	Pcell
	10
	NA
	AWGN
	1x1
	NA
	NA
	NA

	
	Dedicated
	10
	MCS 22
	Table 2‑1 with zero Doppler
	1x1
	1% PMCH BLER
	2
	13


	Delay (us)
	0
	130
	220
	240
	400
	520
	650
	800

	Relative power (dB)
	-11
	-10
	-4.5
	-3.5
	0
	-13
	-20
	-25


Proposal 3: Mobility PMCH demod tests are defined as Table 2‑5, Table 2‑7, Table 2‑8. 

	Parameter
	Unit
	

	Downlink power allocation
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	Test number
	Cell
	Bandwidth (MHz)
	Modulation order
	Propagation condition
	Antenna configuration
	Test metric
	MBSFN RS type
	Number of MBSFN subframes per 40ms

	1
	Pcell
	10
	NA
	AWGN
	1x1
	NA
	NA
	NA

	
	Dedicated
	10
	MCS 15
	Table 2‑4 with Doppler spread 162Hz
	1x1
	1% PMCH BLER
	1
	13


	Extended Delay Spread

	Relative Delay [ns]
	Relative Mean Power [dB]

	-310
	-3.6

	-280
	-1.5

	-160
	-1.4

	0
	0

	60
	-0.6

	780
	-7.0

	49650
	-10

	49680
	-11.5

	49800
	-11.4

	49960
	-13.6

	50020
	-10.6

	50740
	-17.0

	109650
	-20

	109680
	-21.5

	109800
	-21.4

	109960
	-23.6

	110020
	-20.6

	110740
	-27.0


Proposal 4: CAS PBCH test can be defined as Table 2‑9, Table 2‑11.
	Test number
	PBCH repetition pattern
	PBCH Bandwidth
	Transmission bandwidth
	Reference channel
	Propagation

condition
	Antenna configuration
	Test metric

	1
	Table 6.6.4.1-1 in TS 36.211
	1.4MHz
	10MHz
	Table 2.2.3-2
	[AWGN]
	1x1
	1% Pm-bch

	2
	Table 6.6.4.1-1 in TS 36.211
	1.4MHz
	10MHz
	Table 2.2.3-2
	[EVA162Hz]
	1x2 low
	1% Pm-bch


	Parameter
	Value

	Number of transmitter antennas
	1

	Channel bandwidth
	1.4MHz

	Modulation
	QPSK

	Target coding rate
	40/4416

	Payload (without CRC)
	24


Proposal 5: Do not define new requirement for AL16 PDCCH in CAS.
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