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1
Introduction
In the last RAN4#56 Madrid meeting, it was discussed and proposed in [1] that additional new UE reference sensitivity test cases could be defined in TS 36.101 to ensure reasonable UE performance and connectivity in lower SNR levels. A comprehensive list of simulation assumptions was also provided. However, there were some parameters still yet to be finalised, i.e.:
· The number of Rx antennas as there was a concern on the second receiver performance in E-UTRA UE would be degraded due to antenna gain imbalance

· The maximum number of HARQ transmissions
· Redundancy version sequence for HARQ transmission = 5
In this contribution, we provide results with simulation assumptions according to [1] to further progress the work for these test cases. It should also be noted that the number of Rx antennas used in the provided simulation results is assumed to be 2.
2
Simulation Results
For convenience, the set of simulation assumptions used to generate results in this contribution is listed (copied from [1]) in Table 1 and 2.

Table 1: Simulation parameters for PDSCH
	Common parameters
	Value

	TX ports
	1

	RX ports
	2

	Propagation model
	AWGN

	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
	{0,1,2,3,0} 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 %

	Simulation length
	10000 subframes at minimum

	Performance criteria
	Residual BLER after HARQ transmissions


Table 2: Fixed Reference Channel for Receiver Requirements (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	
	
	
	10
	
	

	Allocated resource blocks
	
	
	
	
	50
	
	

	Subcarriers per resource block
	
	
	
	
	12
	
	

	Allocated subframes per Radio Frame
	
	
	
	
	10
	
	

	Modulation
	
	
	
	
	QPSK
	
	

	Target Coding Rate
	
	
	
	
	1/3
	
	

	Number of HARQ Processes
	Processes
	
	
	
	8
	
	

	Maximum number of HARQ transmissions
	
	
	
	
	[5]
	
	

	Information Bit Payload per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	
	
	4392
	
	

	  For Sub-Frame 5
	Bits
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	Bits
	
	
	
	4392
	
	

	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
	
	
	
	3952.8
	
	

	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)


The residual BLER (after HARQ transmissions) results and corresponding throughput curves including 6% Tx EVM but without accounting the UE impairments (implementation margins) are given in Figure 1 and 2, respectively.
[image: image1.emf]1x2, 10MHz, AWGN

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0

SNR [dB]

Residual BLER

HARQ = 1

HARQ = 2

HARQ = 3

HARQ = 4


Figure 1: PDSCH Residual BLER performance for different number of HARQ transmissions
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Figure 2: Throughput performance for different number of HARQ transmissions
Observing the throughput performance results, 95% of maximum throughput is achieved at SNR = -3.8dB (-1.8dB if 2dB implementation margin is considered) regardless of number of HARQ transmissions. This in turn means the performance criterion of 95% of maximum throughput that has been used in the existing REFSENS requirements may no longer be appropriate for testing the UE performance in low SNR region as it will lead to the same REFSENS requirements already specified in 36.101.
On the other hand, as demonstrated in [1] and also shown in the above Figure 1, the behaviour of residual BLER performance (after HARQ transmissions) is quite distinctive for different number of HARQ transmissions and at the same time gives a sharp roll-off characteristic in AWGN low SNR condition, making the test quite simple. Therefore, we recommend considering to adopt the residual BLER as the performance criterion for this type of testing in low SNR regions.
3
Conclusions
In this contribution, we presented simulation results for the additional reference sensitivity tests. It is found that the residual BLER is a more appropriate performance criterion than 95% max throughput based on the simulation results. Therefore, we recommend that these results are to be taken into consideration to finalise the test case design and parameter values.
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