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1 Introduction
In [1,2] it is proposed to add a test case to verify the UE behaviour in low SNR regions and specify 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 an additional (or different) requirement on the receiver noise factor. Therefore, it may be more requisite to develop an additional standard UE demodulation performance requirement at low SNR not to create overlapping test coverage. Performance in low SNR regions is also important in handover and reselection scenarios.
The primary purpose of the reference sensitivity test is to verify the receiver noise factor, and the requirement is dimensioning assuming a certain reference measurement channel (RMC). For E-UTRA, the RMC is operated without HARQ retransmission, which results in an SNR profile with a steep ‘on-off’ behaviour for ease of testing and to avoid the “HARQ knees” for AWGN channels that make it more difficult to set a throughput test point. This is not a restriction in practice for AWGN: the RF tests are verified at 95% of relative throughput, which does not allow any HARQ retransmissions anyway even if a maximum of four HARQ transmissions would be allowed.  

From a system standpoint, the reference sensitivity test also indicates the minimum input level achievable under noise-limited conditions, but for LTE this does also depend on e.g. the radio bearer, the uplink allocation, the uplink power and the channel. For early GSM with its single service (Speech), half-duplex operation and less degree of freedom the use of reference sensitivity for nominal cell planning was perhaps more relevant. 
It is important that the additional requirement does not pose a different requirement on the noise factor as mention above, and that the SNR test point allows proper test setup in terms of cell search and maintenance of the radio link throughout the test. In this contribution we point out some potential problems with the proposed additional requirement on the minimum input level, and propose an alternative method to test the demodulation performance at low SNR while trying to avoid devising an additional test of the noise factor. We start with some simulation results.
2 Retransmissions and the REFSENS test
First 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 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 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 [2]. 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 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. 
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Figure 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 this for an additional sensitivity requirement? Neglecting receiver impairment and only consider demodulation performance, it is tempting to 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:

-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. The minimum input level and the residual BLER requirement must be chosen carefully not to pose a conflicting requirement on the noise factor, the existing reference sensitivity requirement should be dimensioning. 
3 Comparison with the SNR of WCDMA UMTS

One motivation for a test point in the range -7 dB < SNR < -5 dB for verifying reference sensitivity has been the difference between the minimum Ior/Ioc for LTE and WCDMA in the existing tests. The ratio for WCDMA

(3.1)
Ior/Ioc = <REFIor> - {-174 dB[mW/Hz] + 9 dB (NF) + 10 log (3.84 106) dBHz} = -7.5 dB

with <REFIor> = -106.7 dBm has been compared to the required SNR for LTE

(3.2)
Ês/Noc = -1.5 dB = Îor/Noc (assuming uniform power allocation)
Recognising immediately that receive diversity is used for LTE we consider the SNR needed with one branch instead:
Ês/Noc = 1.5 dB
However, making a dB-for-dB comparison between these ratios could be slightly misleading for our case. The reference channels and the test points are different: WCDMA is verified using 12.2kbps circuit-switched speech at BER = 0.001 whereas LTE is verified at about 3.5 Mbps at 95% of the maximum throughput (BLER) for the 10 MHz channel – much higher than any VoIP data rate. In fact, the SNR required for detection of the WCDMA signal is around Ec/Io ~ -18 dB which corresponds to a 

(3.3)
Eb/No = -18 dB + 10 log(3840/12.2) = 7 dB

for the 12.2 kbps information bit rate (including DPCCH overhead) and leads to DPCH_Ec <REFSENS> = -117 dBm. Making the rough assumption that the payload of the LTE RMC is information bits only we obtain a corresponding normalised Eb/No = 3.5 dB for QPSK 1/3, lower than the WCDMA value above. Again, the latter comparison is equally questionable since the verification points and codecs are different.

The existing RMC(s) for LTE and WCDMA are suitable for verifying the noise factor, but comparing performance for a given service at the maximum range with different RAT(s) using the sensitivity level for WCDMA or GSM with their CS (speech) test signals on the one hand and those for LTE on the other may lead to inaccurate results. 

The above 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. Next we look at another route for testing a low-level SNR relevant for detection in order to cover the missing test coverage identified in [2].
4 Alternative demodulation test
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 3 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 ~ -4 dB, which is possibly feasible. 
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Figure 3: throughput for EVA5 low correlation, QPSK 1/5 and 4 HARQ transmissions.
The corresponding results for AWGN are shown in Figure 4. 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 4: 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.

5 Proposal
In order to verify demodulation performance at low SNR we propose to
· 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 

· consider the possibility to verify the low SNR condition at high control-channel load in addition, i.e. aggregation less than 8 CCE at the low SNR condition for further verification of control-channel performance.
This could possibly address the concerns raised in [2] while avoiding a conflicting requirement on the noise factor due to two different specified minimum input levels for a bandwidth.
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