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1 Introduction
A way forward [1] for the reference sensitivity in lower SNR was agreed at RAN4#57. The open issue is whether or not the sensitivity requirement at low SNR is normative or informative (case #A). A standard normative UE demodulation performance test with low code rate (case #B) allowing operation at low SNR will be defined.
We propose to the following option:

· include the receiver sensitivity performance with HARQ retransmission and a residual BLER metric in an informative part of TS 36.101 (a new informative annex)
· add a note in the (normative) section on the reference sensitivity that refers to the informative part

· specify a normative UE demodulation performance requirement for low SNR using low code rate: this would also address the handover scenario with inter-cell interference.
In this contribution we discuss the test configuration for cases #A and #B and provide simulation results. Proposed text for TS 36.101 in accordance with the above is also included.
2 Receiver sensitivity with HARQ retransmissions in informative part of specifications
In the reference sensitivity test, the number of HARQ transmissions is limited to one in order to create a well-defined SNR operating point for conformance tests, and that is not dependent on the control channel performance. This will ensure consistent conformance test behaviour that is dimensioning for the receiver noise factor. The same approach is used for all other RF tests.  
Instead we propose to present in an informative part of the specifications typical receiver sensitivity with HARQ transmission enabled for a relevant downlink allocation and a 1% residual BLER metric as proposed in [1]. A note would be inserted below the normative reference sensitivity test to refer to the informative part included either in TS 36.101 as an informative annex or in TR 36.803. A text proposal for this note is shown below:
7.3.1 Minimum requirements (QPSK) 
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (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 7.3.1-1 and table 7.3.1-2
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	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
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	-99.2
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 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 of Band 3 + 0.5 dB is applicable for band 9 

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


The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1-1 shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3.1-2.
Note: Table 7.3.1-2 is intended for conformance tests and does not necessarily reflect the operational conditions of the network, where the number of uplink and downlink allocated resource blocks will be practically constrained by other factors. Typical receiver sensitivity performance with HARQ retransmission enabled and using a residual BLER metric relevant for e.g. Speech Services is given in [the Annex G (informative) of TS36.101].
The informative annex (would be Annex B in TS 36.101) could look like the following. We use the notion “receiver sensitivity” in this part not to confuse this level with the reference sensitivity requirement.
Annex G (informative)
Receiver sensitivity with HARQ transmission
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.
G.1

General

The receiver 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 not counted)
G.2

Typical receiver sensitivity performance (QPSK)
The residual BLER after HARQ shall be ≥ 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 truncated]
Table X.2-1: Receiver 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
	
	
	
	TBD
	
	
	FDD

	…
	
	
	
	
	
	
	

	43
	
	
	
	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.


3 Setting the SNR limit in the informative part

Setting an appropriate low SNR level for the informative requirement must include consideration of the combined control- and shared-data channel performance as well as the synchronisation performance. Figure 1 shows the residual BLER after HARQ transmission (metric in accordance with [1]) for the PDSCH with different level of CCE aggregation assuming realistic channel and noise estimation but with an otherwise perfect radio (ideal synchronization). The test setup is according to Case #A in [1].
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Figure 1: residual BLER for PDSCH at different level of aggregation in the PDCCH.
The informative value should be demonstrated under conditions that so that the UE reliably remains in-sync, the SNR should be set such that the UE operates in the vicinity of significantly below the threshold Qin where the downlink radio link quality can be significantly more reliably received than at Qout. Allowing a 2 dB margin for receiver impairments just as for the REFSENS (conformance) test, a tentative SNR level for the informative requirements is -6.5 dB at the 1% residual BLER level. This would also allow the radio link to be maintained. We emphasize that the proposed level should reflect typical performance under low SNR levels.

The corresponding SNR level for the conformance test without HARQ retransmission is SNR = -1.5 dB. 

4 UE demodulation test at low SNR
For the normative UE demodulation test case at low SNR, the test setup is described in [1], the reference measurement channels are reproduced in Annex A below. The antenna configuration is 1 x 2 and we assume low correlation. The propagation channels to be evaluated are EVA5 and AWGN at different levels of CCE aggregation in the PDCCH. Figures 2 and 3 show the throughput as a function of SNR assuming realistic channel and noise estimation but an otherwise ideal receiver for FDD and TDD, respectively.
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Figure 2: test case #B for FDD.
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Figure 3: test case #B for TDD.

The SNR test point should be set so that the DUT can reliably operate under in-sync conditions, just as for the informative case. The test point must be consistent with the detection of out-of-sync and in-sync for the purpose of monitoring downlink radio link quality of the serving cell in a live network. The test point suggested by the PDSCH/PDCCH/PCFICH results in Figure 2 and Figure 3 may not meet this even if an implementation margin is allowed. In fact, it is perhaps better to verify the requirements with a 1/5 code rate since the RLM may be dimensioning.
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Annex A
Table 1: 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
	
	
	
	
	1/10
	
	

	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 2: 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)
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