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1 Introduction
In [1] it is proposed to ensure reasonable UE performance in low SNR regions by enabling HARQ retransmissions and using a residual BLER metric by specifying an additional requirement to the existing reference sensitivity requirement. 
It is indeed relevant to demodulation performance under low-SNR conditions. However, if specified as an additional requirement on the minimum input level, the test case may pose a conflicting (overlapping) requirement on the receiver noise factor. The primary purpose of the reference sensitivity test is to verify the receiver noise factor.
To avoid the risk of creating an ambiguous specification, while still addressing the relevant concerns in [1], we propose the following options:

· include the receiver sensitivity performance with HARQ retransmission and a residual BLER metric in an informative part of the specifications, either in TS 36.101 (a new informative annex) or in TR 36.803; the former would give more visibility
· 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

These options are not exclusive and can be considered together, the demodulation test would increase the test coverage.
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.  
Introducing an additional requirement at a low SNR level may lead to more variable test behaviour since the SNR performance is depending on other factors such as control channel and synchronization performance. The SNR characteristics would not have the sharp on-off behaviour achieved by disabling HARQ retransmissions, and the resulting minimum input level with HARQ retransmissions may not be consistent with the one without (see Annex A). This would be a problem for all operating bands, not only those with high transmitter noise levels.

One way forward could be to limit the number of PRB in the downlink (for the smaller payloads relevant for e.g. Speech Services) to reduce the input level. However, this stumbles on the PDCCH that is always allocated over the full bandwidth.
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 or TR 36.803].
This could also be complemented by a normative UE demodulation test at low SNR. The problem with the proposed additional requirement does not mean that the performance at lower SNR should not be verified: the UE can indeed operate at lower SNR levels under live conditions than the -1.5 dB required for the reference sensitivity RMC with no retransmissions. 
3 UE demodulation test at low SNR
Performance at low SNR is not only important in noise-limited scenarios like cell edge in the absence of inter-cell interference in e.g. rural areas or indoor: equally important is the performance in handover scenarios in interference-limited scenarios. From a testing perspective, it is important that the low SNR test point is chosen such that test such that statistical significance can be ensured during finite test time, that radio link maintenance can be ensured and that the test requirements can be devised with reasonable test tolerance. This does not mean that a UE cannot decode a signal below this test point in live operation, our task here is to set a minimum requirement that can be verified reliably. 
An alternative method that would avoid the conflicting requirements at minimum signal levels is to devise a demodulation performance test at low SNR, carried out well above the minimum input level for the reference sensitivity RMC in the usual way with en external ‘white’ noise source emulating inter-cell interference or a noise floor. A suitable fading profile could be chosen: the channel is likely to be dispersive at the coverage limit. Moreover, a lower code rate could be chosen to reduce the SNR. Figure 1 shows the result for QPSK 1/5 and EVA5 1 x 2 for different levels of CCE aggregation and the usual four HARQ transmissions. Picking relative throughput a 50% test point could be set at around an estimated SNR range ~ -4 dB to -3dB, which should feasible. 
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Figure 1: throughput for EVA5 low correlation, QPSK 1/5 and 4 HARQ transmissions.
The corresponding results for AWGN are shown in Figure 2. We show throughput results, but residual BLER could also be used as a metric, which would correspond to a certain SNR test point rather than an additional minimum input level. However, the definition of residual BLER needs to be carefully crafted: given a maximum number of HARQ transmissions, the behaviour when the control PCFICH/PDCCH is limiting (misdetection of the Downlink Scheduling Grant) needs to be specified. It may be easier to use the throughput: just count the ACK. 
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Figure 2: throughput for AWGN, QPSK 1/5 and 4 HARQ transmissions.

The performance is of course depending on the CCE aggregation. Another dimension to explore for this test is to limit the aggregation in order to mimic reception at low SNR with high control-channel load, e.g. a 4CCE level. 

For verifying the demodulation performance at low SNR one could 
· introduce a demodulation test at low SNR with HARQ retransmissions,
· use the standard setup applicable for all other FRC tests, that is, maximum four HARQ transmissions and an external noise source with Noc = -98 dBm/15kHz,
· use AWGN or EVA5, lower code rate on PDSCH, e.g. QPSK 1/5 

Other channel models or modulation formats could also be considered, the above only given as an example.
4 Proposal

To address the concerns raised in [1] we propose the following options

· include the receiver sensitivity performance with HARQ retransmission and a residual BLER metric in an informative part of the specifications referred to by a note in the (normative) section on the reference sensitivity 

· 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

These options could also be considered together as a package.
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ANNEX A: SNR characteristics with and without HARQ

In this annex we give some examples of SNR characteristics with and without HARQ throughput is used as a metric since standard for all RF tests, but we also relate the results to the residual BLER. The simulations are assuming that the radio is ideal (also PSS/SSS performance), but the channel and noise estimation are realistic. The antenna configuration is 1 x 2 like for the REFSENS test case.

We begin with the SNR characteristics used for the existing reference sensitivity test. Figure A.1 shows the throughput for AWGN with the standard RMC (QPSK 1/3) and a 10 MHz channel, without HARQ retransmission and including effects of PCFICH/PDCCH detection for different levels of CCE aggregation. We observe that 95% of the maximum throughput is achieved at SNR = -4 dB at the antenna for 4CCE and 8 CCE aggregation, then add a total implementation margin of 2.5 dB to obtain the SNR of -1.5 dB that is used for estimating the reference sensitivity.   
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Fig A.1: the SNR characteristics used for the reference sensitivity test.

It has been proposed to use residual BLER as a metric (not counting the retransmissions) on top of L2 rather than throughput, a requirement of 1% is discussed in [1]. If one HARQ transmission is used, the SNR limit corresponding to 1% residual BLER would be around -3.5 dB (no retransmissions and NDI always configured).

Figure A.2 shows the throughput results with a maximum of four HARQ transmissions: the “knees” are noticeable and the performance at 95% throughput is of course the same as in Figure 1: this throughput level does not allow any retransmissions. If a lower throughput requirement is chosen, then the HARQ knees will make the specification more complex should the throughput test point be in the vicinity of a HARQ knee for a particular device under test: an SNR change of the order of dB will then give a marginal throughput change, which would defer reliable testing. Using the residual BLER as a metric, a 1% minimum requirement would be achieved at SNR ~ -9 dB for 8 CCE (no throughput below -10 dB) aggregation, and at SNR > -5 dB (the control channels are limiting) for 2CCE. 

[image: image4.png]Throughput [Mbps]

AWGN, HARQ=4

3.5

N4
2
T

N
T

-
w
T

——2CCE

=

-4
SNR[dB]





Figure A.2: results for a maximum of four HARQ transmissions.

Supposing a 1% residual BLER requirement with 8 CCE aggregation level: what would be the corresponding minimum input level to achieve? Neglecting receiver impairment and only consider demodulation performance, we take the difference between the ideal SNR result for 1 HARQ transmission ~ ‑4 dB and that the required for 1% residual BLER, for the 10 MHz band in Band 1 to obtain the approximate
-97 dBm – {-9 dB – (-4 dB)} ~ -102 dBm  

This also assumes that the PSS/SSS error rates and the synchronization performance are manageable at the low SNR level. Synchronization is assumed to be ideal in these simulations, in practice the synchronization must work around an Es/Iot ~ ‑6 dB according to the requirements in TS 36.133. Minimum levels such as the one above would be included in an informative part of the specifications.































































































































































































































































































































































