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1. Introduction
In [1] a way forward for the demodulation requirements for REFSENS in lower SNR was discussed. The test cases for requirement #B were defined and agreed in [2]. The test cases applies a 1x2 antenna configuration for TM 1.
In this contribution we provide simulation results for the test case proposed in [1]. We also discuss potential difficulties to test the defined scenarios. It is pointed out that the SNR requirement is close to the threshold Qout at which the downlink radio link cannot be reliably received. Additionally, simulation results for a scenario TM2 that has a lower threshold Qout are presented.
2. Discussion and Simulation Results
In [1] and [2] a way forward for REFSENS in lower SNR requirements was discussed and agreed. It has been agreed that a demodulation  requirement test is applied to verify REFSENS. The defined scenario applies 1x2 antenna configuration with TM1. 
In [1] simulation results of different companies have been summarized. Reading from the plots in [1] the required SNR to achieve 70% of the peak throughput of the FRC R.41 yields roughly:
Table 1: SNR Requirements
	Requirement #B (EVA5, 8 CCE)
	Required SNR 

	R4-111338 (NEC)
	-7.2 dB

	R4-110759 (DOCOMO)
	-8.0 dB

	R4-111547 (Huawei)
	-7.5 dB


Figure 1 presents own simulation results  for this test case without taken RF impairments and implementation margins into account. It is observed that 70% of the peak throughput is achieved at a SNR of around -8.5 dB. 

Additionally, also simulations for TM2 with a 2x2 antenna configuration were conducted. The FRC used for TM2 is given in Table 2 of the appendix. The payload size is the same as for TM1. Due to the different number of channel bits per subframe, the effective coding rate is slightly different. It is observed that there is not much difference between TM1 and TM2 performance.
The purpose of this REFSENS demodulation test is to verify PDSCH performance at low SNR. It must therefore be ensured that the out-of-sync criterion does not kick in. Table A.7.3.1.1-3 in [3] states the out-of-sync radio link monitoring tests both for 1x2 and 2x2 antenna configurations. From the definition of the SNR thresholds in Table A.7.3.1.1-3 of [3] it can be expected that RLF occurs between -8 and -9 dB for 1x2. Comparing this with the SNR demodulation performance in Figure 1, it may happen that RLF occurs at a higher SNR at which 70% of the peak throughput of the FRC is achieved. This would prevent the conduction of the test case for TM1.
From [3] it is seen that the SNR threshold for out-of-sync declaration is roughly 0.7 dB lower for the 2x2 configuration and the ETU70 channel model than for the 1x2 configuration. This lower threshold helps to avoid that RLF prevents achieving the SNR requirement of the demodulation test. 
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Figure 1: Simulation results for TM1 (R.41 FDD) and TM2
3. Conclusion 
In this contribution simulation results for REFSENS in low SNR have been presented for the previously proposed TM1 test. Additional simulations have been conducted for TM2 which is more robust against RLF than TM1. 
Proposal: A demodulation test for REFSENS in low SNR applying TM2 should be defined to provide more margin against RLF.
4. Appendix
Table 2: FRC for QPSK R = 1/10 for TM 2
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Allocated subframes per Radio Frame
	
	10

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/10

	Information Bit Payload
	
	

	  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

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	

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

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	1

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	13200

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	12384

	Max. Throughput averaged over 1 frame
	Mbps
	1.246

	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
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)
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