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1
Introduction
In RAN4 #57, the way forward for REFSENSE in lower SNR was agreed, and simulation results were presented in RAN4 #58 [1-4]. This contribution provides simulation results summary for REFSENSE in lower SNR, and proposes the way forward.

2
Summary for Requirements #A

Table 1 presents simulation results summary for Requirements #A. It is noted that the PDCCH performance for RLM shows -11.5 dB for DCI format 1A, which could be used also in the REFSENSE test case. It indicates that PDCCH would not be a bottle neck if the requirement value is around -6 ~ -7 dB. Most of the results would indicate that the SNR of -6.5 dB for this requirement would be feasible, although some companies feel that further analysis would be needed.
Table 1
	T-doc number
	PDSCH w/o IM
	PDSCH w/ IM
	PDCCH w/o IM
	PDCCH w/ IM
	Proposed SNR

	Ericsson (R4-111211)
	
	-6.5 dB
	
	
	-6.5 dB

	NEC (R4-111338)
	
	-7.7 dB
	
	
	-6.5 dB would be fine.

	Fujitsu (R4-104653)
	-9.6 dB
	
	-7.6 dB
	
	-6.5 dB would be fine

	Qualcomm (R4-110699)
	
	
	
	
	-5.5 dB

	DOCOMO (R4-110759)
	-8.8 dB
	-6.8 dB
	-9.0 dB
	-7.0 dB
	-6.8 dB

	Huawei (R4-111547)
	-9.0dB
	-7dB
	-10.2
	-8.2
	-7dB

	PDCCH performance for RLM (R4-092110) (Note 1)
	
	
	-11.5 dB
	
	

	Summary (Proposed requirement values)
	[-6.5 dB]


Note 1: DCI format 1A was used instead of DCI format 1. The results were average values for 6 companies.

3
Summary for Requirements #B

Figure 1-5 present the simulation results for R4-111338, R4-110759 and R4-111547 (Huawei) for Requirements #B. Findings from the results are summarized below:
· EVA5 would be more suitable for the static channel (AWGN), because it would be quite difficult to find stable SNR values required for the target throughput/ BLER in the static channel.
· The PDCCH performance would be a bottle neck if 4CCE is used.

· 70%-ile throughput would be a good candidate for the target throughput in the test case.
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Figure 1: Results in R4-111338 (NEC) for EVA5
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Figure 2: Results in R4-110759 (DOCOMO) for EVA5
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Figure 3: Results in R4-110759 (DOCOMO) for AWGN
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Figure 4: results (Huawei) for AWGN
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Figure 5: results (Huawei) for EVA5
4
Way forward

Based on the contributions presented so far [1-4], the following way forwards are proposed:

· Way forward #1:

· Requirements #A should be captured in Informative Annex in TS 36.101.

· The proposed SNR should be -6.5 dB with square brackets.

· If some issues are identified, it should be revisited in the next meeting.

· Way forward #2: 

· Test cases for Requirements #B should be added in Section 8 in TS 36.101. The requirements values should be TBD.
· The following parameters should be utilized in the test cases:

· Propagation model: EVA5

· PDCCH aggregation level: 8CCE

· Target throughput: 70%

· Further details are summarized in Annex A.

· Interested companies are encouraged to present simulation results based on the above parameters in RAN4 #59.

· Way forward #3:

· CR [6] based on WF #2 and #3 should be agreed in RAN4 #58.
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Annex A: Simulation parameters for Requirements #B

Table 2A/ 2B presents Fixed Reference Channel. Table 5 presents simulation parameters for PDSCH. Table 3 presents simulation parameters for PDCCH/ PCFICH.
Table 2A Fixed Reference Channel for Receiver Requirements (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	
	
	
	10
	
	

	Allocated resource blocks
	
	
	
	
	50
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Allocated sub-frames per Radio Frame
	
	
	
	
	10
	
	

	Modulation
	
	
	
	
	QPSK
	
	

	Target Coding Rate
	
	
	
	
	1/10
	
	

	Number of HARQ Processes
	Processes
	
	
	
	8
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	4
	
	

	Information Bit Payload per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	
	
	1384
	
	

	  For Sub-Frame 5
	Bits
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	
	1384
	
	

	Transport block CRC
	Bits
	
	
	
	24
	
	

	Number of Code Blocks per Sub-Frame
(Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	
	
	1
	
	

	  For Sub-Frame 5
	Bits
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	
	1
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	
	
	13800
	
	

	  For Sub-Frame 5
	Bits
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	
	12960
	
	

	Max. Throughput averaged over 1 frame
	kbps
	
	
	
	1245.6
	
	

	UE Category
	
	
	
	
	1-5
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10MHz channel BW. 3 symbols allocated to PDCCH for 5 MHz and 3 MHz. 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:
Reference signal, Synchronization signals and  PBCH allocated as per TS 36.211 [4]

Note 3:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


Table 2B Fixed Reference Channel for Receiver Requirements (TDD)
	Parameter
	Unit
	Value

	Reference channel
	
	
	
	
	R.41 TDD
	
	

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	
	50
	
	

	Uplink-Downlink Configuration (Note 4)
	
	
	
	
	1
	
	

	Allocated subframes per Radio Frame (D+S)
	
	
	
	
	4+2
	
	

	Modulation
	
	
	
	
	QPSK
	
	

	Target Coding Rate
	
	
	
	
	1/10
	
	

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	
	
	
	[1384]
	
	

	  For Sub-Frames 1,6
	Bits
	
	
	
	[1032]
	
	

	  For Sub-Frame 5
	Bits
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	
	[1384]
	
	

	Number of Code Blocks per Sub-Frame
(Note 5)
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	
	
	
	
	1
	
	

	  For Sub-Frames 1,6
	
	
	
	
	1
	
	

	  For Sub-Frame 5
	
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	
	
	
	
	1
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	
	
	
	13800
	
	

	  For Sub-Frames 1,6
	Bits
	
	
	
	11256
	
	

	  For Sub-Frame 5
	Bits
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	
	13104
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	
	0.662
	
	

	UE Category
	
	
	
	
	1-5
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.
Note 2:
For BW=1.4 MHz, the information bit payloads of special subframes are set to zero (no scheduling) to avoid problems with insufficient PDCCH performance at the test point. 

Note 3:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]
Note 4:
As per Table 4.2-2 in TS 36.211 [4]

Note 5:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)




Table 5 Simulation parameters for PDSCH
	Common parameters
	Value

	TX ports
	1

	RX ports
	2

	Propagation model
	EVA5

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Channel coding
	According to Section 5.3.2 of 36.212

	Power allocation
	(A = (B = 0 dB

	Redundancy version sequence
	{0,1,2,3} for QPSK and 16QAM, {0,0,1,2} for 64QAM

	Physical channel processing
	According to Section 6.4 of 36.211

	Cyclic prefix
	Normal

	PBCH/SCH overhead
	Included

	Interference
	AWGN

	TX EVM
	6 % (see ‎[9] for details)

	Simulation length
	Sufficient sub-frames (e.g. [50000] sub-frames at minimum)

	Performance criteria
	70%-ile throughput


Table 6 Simulation parameters for PDCCH/ PCFICH
	Common parameters
	Value

	TX ports
	1

	RX ports
	2

	Propagation model
	EVA5

	Aggregation level
	8 CCE

	DCI format
	Format 1

	Cell ID
	0

	FDD payload (w/o CRC)
	31 bits

	TDD payload (w/o CRC)
	32 bits

	General setup
	PDCCH and PCFICH are tested jointly i.e. miss detection of PCFICH implies a miss detection of PDCCH

	Channel coding
	According to Sections 5.3.3 and 5.3.4 of 36.212

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	Power allocation
	PDCCH_RA = PDCCH_RB = 4 dB 

PCFICH_RA = PCFICH_RB = 4 dB
Note 1: OCNG shall be used such that the resources are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.
Note 2: SNR levels correspond to the signal to noise ratio over the cell-specific reference signal REs.

	PHICH mapping
	1 PHICH group, normal PHICH duration

	Cyclic prefix
	Normal

	Blind decoding
	Not taken into account in the simulations

	Interference
	AWGN

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	TX EVM
	6 % (see ‎[9] for details)

	Simulation length
	10000 sub-frames at minimum


