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1
Introduction
This contribution provides a summary of PDSCH and SIB/RAR/Paging simulation results that have been submitted to RAN1#81 in [2]-[14].

2
Summary of PDSCH Results
In [1], a summary of the link simulation results for the PDSCH was provided. The following observations were made –

· Frequency hopping can be used to reduce the number of repetitions.

· Residual frequency error has a significant effect on the performance of multi-subframe channel estimation.
In RAN1#81, additional PDSCH performance results are presented in [2]-[5] and summarized in Table 1.
Table 1. Number of repetitions required for 10% BLER of PDSCH (2Tx-1Rx, EPA 1Hz).

	SNR
	[2]
	[3] 
	[4]
	[5]

	-14.3 dB
	140
	80
	40
	128
	128
	~154
	149
	307
	210
	123
	145

	NOTE:
	

	Freq Error (Hz)
	100
	100
	100
	0
	20
	100
	0
	100
	100
	100
	100

	MCS
	MCS5
	MCS5
	MCS0
	MCS5

	Freq Hopping
	8 ms
	8 ms
	8 ms
	64 ms
	4 ms
	4 ms
	-
	-
	8 ms
	20 ms
	8 ms

	Multi-SF ChEst
	2 SF
	2 SF
	2 SF
	>1 SF
	4 SF
	4 SF
	8 SF
	2 SF
	2 SF
	1 SF
	1 SF

	CRS Boosting
	
	3 dB
	
	
	
	
	
	
	
	
	3 dB

	CRS + PDSCH Boosting
	
	
	3 dB
	
	
	
	
	
	
	
	

	Discontinuous Tx
	
	
	
	
	
	
	
	
	
	20 ms
	

	Precoding Cycling
	
	
	
	Yes
	
	
	
	
	
	
	


Based on the results shown in [2]-[5], the following observations can be made –. 

Observation 1: The gain from multi-subframe channel estimation is limited by the amount of residual frequency error.

Observation 2: Results show that the number of repetitions can be further reduced using additional techniques such as CRS power boosting, CRS + PDSCH power boosting, discontinuous transmission, and precoding cycling.
3
Summary of SIB/RAR/Paging Results

SIB

In [1], a summary of the link simulation results for the SIB was provided. The following observations were made –
· Frequency hopping can be used to reduce the number of repetitions.

· The number of repetitions required at 1% BLER target at -14.3 dB SNR (MCL of 155.7dB) can be very high. Approximately 300-500 repetitions are needed.

In RAN1#81, additional SIB performance results are presented in [6]-[8] and summarized in Table 2.
Table 2. Number of transmissions required for 1% BLER (2Tx-1Rx, EPA 1Hz, SNR = -14.3dB, frequency hopping). 
	SIB size

(bits)
	[6]
	[7]
	[8]

	
	Discontinuous

(3Tx / 10 ms)
	Discontinuous

(1 Tx / 20 ms)
	Continuous
	Discontinuous

(3Tx / 10 ms)
	Discontinuous

(1 Tx / 20 ms)
	Precoding Cycle

	328
	220
	100
	380
	280
	240
	~200

	504
	-
	-
	440
	420
	380
	256

	1000
	360
	230
	840
	680
	560
	~512

	NOTE:
	100 Hz initial frequency error but smaller after AFC
	100 Hz residual frequency error
	0 Hz frequency error


Based on the results shown in [6]-[7], the following observation can be made –. 

Observation 3: Discontinuous transmission can provide additional time diversity gain. Long interval (20ms) provides more gain than short interval (~3ms). 
RAR
Performance results for RAR are presented in [9]-[13]and summarized in Table 3.
Table 3. Number of transmissions required for 1% BLER (2Tx-1Rx, EPA 1Hz, SNR = -14.3dB, 100Hz residual frequency error).
	SNR
	[9]
	[10]
	[11]
	[13] *

	
	1 record, without FH
	1 record, with FH
	1 record, with FH
	2 records, with FH
	1 record, with FH
	4 records, with FH
	1 record

with FH
	4 records with FH

	-4.0
	30
	11
	4
	6
	~8
	~30
	10
	20

	-9.0
	-
	-
	-
	-
	-
	-
	15
	50

	-14.3
	160
	110
	80
	140
	-
	-
	40
	132

	* 10% BLER, zero frequency error and 6PRBs are assumed in [13].


Based on the results shown in [9]-[13], the following observations can be made –. 

Observation 4: Results show that, at SNR of -4dB, repetition would be needed to transmit 1 RAR record using 6 PRBs (EPA 1Hz, 1% or 10% BLER).

Observation 5: Results from [9] show that frequency hopping reduces the number of repetitions.
Observation 6: Results from [10][13] show that the total number of PDSCH repetitions is smaller when multiple records with the same repetition level are transmitted in one RAR message rather than individually.

Paging

Results for Paging are presented in [14] and the following observation can be made –

Observation 7: Results show that, at SNR of -4dB, repetition would be needed to transmit 1 paging record using 6 PRBs (EPA 1Hz, 1% BLER).
Observation 8: Results show that frequency hopping reduces the number of repetitions.

Observation 9: Given similar sizes of paging and RAR, it may be inferred that the total PDSCH overhead is smaller when multiple records with the same repetition level are transmitted in one paging message rather than individually.
4
Conclusion

Based on PDSCH and SIB/RAR/Paging simulation results submitted in [2]-[14], the following observations can be made –
PDSCH

Observation 1: The gain from multi-subframe channel estimation is limited by the amount of residual frequency error.

Observation 2: Results show that the number of repetitions can be further reduced using additional techniques such as CRS power boosting, CRS + PDSCH power boosting, discontinuous transmission, and precoding cycling.
SIB

Observation 3: Discontinuous transmission can provide additional time diversity gain. Long interval (20ms) provides more gain than short interval (~3ms). 

RAR

Observation 4: Results show that, at SNR of -4dB, repetition would be needed to transmit 1 RAR record using 6 PRBs (EPA 1Hz, 1% BLER).

Observation 5: Results from [9] show that frequency hopping reduces the number of repetitions.

Observation 6: Results from [10][13] show that the total number of PDSCH repetitions is smaller when multiple records with the same repetition level are transmitted in one RAR message rather than individually.

Paging

Observation 7: Results show that, at SNR of -4dB, repetition would be needed to transmit 1 paging record using 6 PRBs (EPA 1Hz, 1% BLER).
Observation 8: Results from [14] show that frequency hopping reduces the number of repetitions.

Observation 9: Given similar sizes of paging and RAR, it may be inferred that the total number of PDSCH repetitions is smaller when multiple records with the same repetition level are transmitted in one paging message rather than individually.
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