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1
Introduction
In RAN4#58, a way forward regarding the requirements for UE in lower SNR region was agreed in [1]. The simulation results for the reference sensitivity were collected and tentative requirements were agreed for FDD. The detailed framework of demodulation test was also provided. A relating CR was agreed in [2] to capture the way forward into 36.101. 

In this contribution, we provided the simulation results for reference sensitivity for TDD to verify the applicability of aligned requirements. Simulation results for TDD demodulation test were also provided.
2 Discussion
2.1 Simulation for Reference Sensitivity
The simulation is based on [2]&[3]. It was agreed in [3] that reference sensitviity will be incorporated into a informative part of the spec and detailed simulation assumptions were also provided. However, the maximum HARQ transmissions number finally agreed in [2] is 4 and the simulation results were provided based on that value. In addition, PDCCH was not taken into account in the simulation since it has already agreed in [2] that PDCCH would not be a bottle neck in this specific SNR region.
The simulation results were listed below:
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Figure 1. Residual BLER for Low SNR Reference Sensitivity

Table 1: Simulation results for Reference Sensitivity
	
	Without IM
	With IM

	Required SNR for PDSCH (4 transmissions)
	-9.0 dB
	-7.0 dB


Here we also use a 2dB implementation margin. In [1], the proposed value of SNR is [-6.5 dB] and the corresponding value of reference sensitivity of [-102] dBm for FDD Band 1 is agreed in [2]. Currently in 36.101, the requirements of TDD is aligned with FDD Band 1. This simulation result is quite aligned with the results in [1] and we propose all TDD could use the same tentative requirements [-6.5 dB] to FDD band1, just as the current 36.101.
The relation between the SNR values and the reference sensitivity could be referenced to [4].

Proposal: Setting the Reference sensitivity requirements for Low SNR same to FDD Band 1 requirements [-102] dBm for all TDD bands.

A CR [5] is prepared for this proposal.
2.2 Simulation for Demodulation 
It was agreed in [3] that a demodulation test would be added. The detailed assumptions was agreed in [1] and also written in CR [2]. The assumptions were also incorporated in the Annex B. 

The ideal TDD simulation results was given below and the detailed data was also incorporated in the separate excel sheet.
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Figure 2. Relative Throughput for Demodulation test for Low SNR

Table 2: TDD Simulation results for Demodulation (Alignment)
	Scenario
	Scenarios Description
	Reference Values

	
	
	SNR [dB]
	Reference Point

	1
	1x2 QPSK 1/10 10MHz EVA5 Low
	-8.1
	70% TP


In addition, a minor error was found in the TDD RMC R.41 TDD in that the Max. Throughput averaged over 1 frame should be 0.622 Mbps rather than 0.662Mbps. The calculation process is :(1384bit*2bit+1032bit*2+1384bit) / (100ms) = 0.6216 Mbps. 
A CR [6] is also proposed to revise this problem.
3 Conclusion
In this contribution, we provided the simulation results for reference sensitivity for TDD to verify the applicability of aligned requirements. Based on the simulation results, we have the following proposal:

Proposal: Setting the Reference sensitivity requirements for Low SNR same to FDD Band 1 requirements [-102] dBm for all TDD bands.
Simulation results for TDD demodulation test were also provided. An error was also found in the RMC definition. Separate CRs [5]&[6]were provided.
4
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Annex A Simulation Assumptions for Reference Sensitivity
Table 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} 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
	Residual BLER after HARQ transmissions


Annex X (informative): 
Reference sensitivity level in lower SNR
This annex contains information on typical receiver sensitivity when HARQ transmission is enabled allowing operation in lower SNR regions (HARQ is disabled in conformance testing), thus representing the configuration normally used in live network operation under noise-limited conditions.
X.1

General

The reference sensitivity power level PSENS with HARQ retransmission enabled (operation in lower SNR) is the minimum mean power applied to both the UE antenna ports at which the residual BLER after HARQ shall meet or exceed the requirements for the specified reference measurement channel. The residual BLER after HARQ transmission is defined as follows:
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: Number of correctly decoded MAC PDUs
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: Number of transmitted MAC PDUs (Retransmitted MAC PDUs are not counted)
X.2

Typical receiver sensitivity performance (QPSK)
The residual BLER after HARQ shall be lower than 1% for the reference measurement channels as specified in Annexes X.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table X.2-1 and Table X.2-2

Table X.2-1: Reference sensitivity QPSK PSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	
	
	
	[-102]
	
	
	FDD

	2
	
	
	
	TBD
	
	
	FDD

	3
	
	
	
	TBD
	
	
	FDD

	4
	
	
	
	TBD
	
	
	FDD

	5
	
	
	
	TBD
	
	
	FDD

	6
	
	
	
	TBD
	
	
	FDD

	7
	
	
	
	TBD
	
	
	FDD

	8
	
	
	
	TBD
	
	
	FDD

	9
	
	
	
	TBD
	
	
	FDD

	10
	
	
	
	TBD
	
	
	FDD

	11
	
	
	
	TBD
	
	
	FDD

	12
	
	
	
	TBD
	
	
	FDD

	13
	
	
	
	TBD
	
	
	FDD

	14
	
	
	
	TBD
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	
	TBD
	
	
	FDD

	18
	
	
	
	TBD
	
	
	FDD

	19
	
	
	
	TBD
	
	
	FDD

	20
	
	
	
	TBD
	
	
	FDD

	21
	
	
	
	TBD
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	
	TBD
	
	
	TDD

	34
	
	
	
	TBD
	
	
	TDD

	35
	
	
	
	TBD
	
	
	TDD

	36
	
	
	
	TBD
	
	
	TDD

	37
	
	
	
	TBD
	
	
	TDD

	38
	
	
	
	TBD
	
	
	TDD

	39
	
	
	
	TBD
	
	
	TDD

	40
	
	
	
	TBD
	
	
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5

Note 2:
Reference measurement channel is X.3 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS. 

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


Table A.3.2-2A Fixed Reference Channel for Receiver Requirements (TDD)

	Parameter
	Unit
	Value

	Channel Bandwidth
	MHz
	
	
	
	10
	
	

	Allocated resource blocks
	
	
	
	
	50
	
	

	Uplink-Downlink Configuration (Note 5)
	
	
	
	
	1
	
	

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

	Number of HARQ Processes
	Processes
	
	
	
	7
	
	

	Maximum number of HARQ transmission
	
	
	
	
	[4]
	
	

	Modulation
	
	
	
	
	QPSK
	
	

	Target coding rate
	
	
	
	
	1/3
	
	

	Information Bit Payload per Sub-Frame
	Bits
	
	
	
	
	
	

	  For Sub-Frame 4, 9
	
	
	
	
	4392
	
	

	  For Sub-Frame 1, 6
	
	
	
	
	3240
	
	

	  For Sub-Frame 5
	
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	
	
	
	
	4392
	
	

	Transport block CRC
	Bits
	
	
	
	24
	
	

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

	  For Sub-Frame 4, 9
	
	
	
	
	1
	
	

	  For Sub-Frame 1, 6
	
	
	
	
	1
	
	

	  For Sub-Frame 5
	
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	
	
	
	
	1
	
	

	Binary Channel Bits Per Sub-Frame
	Bits
	
	
	
	
	
	

	  For Sub-Frame 4, 9
	
	
	
	
	13800
	
	

	  For Sub-Frame 1, 6
	
	
	
	
	11256
	
	

	  For Sub-Frame 5
	
	
	
	
	n/a
	
	

	  For Sub-Frame 0
	
	
	
	
	13104
	
	

	Max. Throughput averaged over 1 frame
	kbps
	
	
	
	1965.6
	
	

	UE Category
	
	
	
	
	1-5
	
	

	Note 1:
For normal subframes(0,4,5,9), 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 special subframe (1&6), only 2 OFDM symbols are allocated to PDCCH for all BWs.
Note 2:   For 1.4MHz, no data shall be scheduled on special subframes(1&6) to avoid problems with insufficient PDCCH performance

Note 3:   Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [4]
Note 4:   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).

Note 5:
As per Table 4.2-2 in TS 36.211 [4]
Note 6:   Redundancy version coding sequence is {0, 1, 2, 3} for QPSK.


Annex B Simulation Assumptions for Demodulation

Table A.3.4.1-6: Fixed Reference Channel QPSK R=1/10

	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
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