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1. Introduction
During RAN4 #56, a proposal was made to test E-UTRA REFSENS at lower SNR [1]. The motivation is to verify LTE DL performance when the DL coverage of LTE networks matches that of UMTS networks. In this contribution, we discuss the implication of such requirements and how to properly implement the corresponding tests.
2. Discussion

In [1], an observation was made that the UTRA and EUTRA sensitivity levels for Band 1 are currently defined at very different SNR region.
UTRA:

· DPCH_Ec <REFSENSE> = -117 dBm

· <REFIor> = -106.7 dBm

· Signal-to-noise ratio (Ior/Ioc) = -106.7 - (-108.2 + 9) = -7.5 dB
E-UTRA:

· PREFSENSE = -100 dBm

· Signal-to-noise ratio (Ior/Ioc) = -100 - (-107.5 + 9) = -1.5 dB 

The main reason for the difference is that E-UTRA REFSENS is defined for a much higher data rate. It is expected that lower SNR could be tested with additional HARQs enabled in the REFSENS test. Furthermore, it was observed that the E-UTRA UEs have additional Rx diversity compared to UTRA UEs, which could further improve the sensitivity in conducted tests although the radiated performance could be similar to the single Rx performance. 
In this contribution, we would like make following observations:

RF and Demod Performance

First of all, we concur with the analysis in [1] and we would like to confirm that indeed LTE UE DL performance could be tested at lower SNR with additional HARQs. Since current REFSENS is at 1.5 dB below the thermal noise, it is expected that the RF impairment with lower signal level will be similar to the current setting. The only performance difference is expected to be in baseband, where the channel estimation performance at lower SNR needs to be verified. 
This additional test could be useful to provide additional information on UE baseband performance, but it is not expected to provide additional information on the UE RF performance. 

REFSENS in RRM Test
The introduction of sensitivity test in low SNR regions has a few practical implications. Since REFSENS is often used as the test condition in many RRM requirements, we also need to consider UE acquisition/attachment performance. When a UE performs full frequency scan, it tries to detect sufficient energy at each possible EARFCN before starting the acquisition procedure. The Ior setting could significantly impact the frequency scan performance.

In the case of UTRA, there is a single system bandwidth of 3.84 MHz and a limited set of possible carrier frequency within each band. In the case of E-UTRA, a UE has to test 6 possible bandwidth combinations (smaller number for some bands). This leads to an order of magnitude higher possible hypothesis for channel bandwidth and location. In addition, frequency selective loading in DL could also lead to large number of false alarms when the channel bandwidth hypothesis is tested. In summary, when a UE performs frequency scan, the acquisition time of E-UTRA is expected to be much longer than UTRA for the same Ior.
Considering this frequency scan limitation, we suggest to maintain current RSRP condition for RRM tests. In addition, the DUT should be placed under an initial condition of normal signal strength before Ior is lowered to test the new REFSENS setting.
Use cases
Given the considerations above, an LTE UE should not be expected to acquire an LTE cell at very low signal strength without prior knowledge of the cell and frequency. However, it is expected that a UE could continue a call when the signal level drops below current REFSENS setting. 
There was some question on the usefulness of defining lower DL REFSENS given that most networks are UL link budget limited. In a typical macro deployment, the maximum DL Tx power is 43 dBm for 5 MHz eNB, while the maximum UL transmit power is 23 dBm. Considering a single RB transmission (likely for Voice type of traffic) on both DL and UL, the PSD imbalance is 43 dBm – 10*log10(50) – 23 dBm = 3 dB. In thermal limited scenarios, antenna imbalance on DL would further degrade the performance by 3 dB, which in turn balance the DL/UL per RB link budget. Hence, defining low SNR DL test cases that match the UL SNR is reasonable from the system point of view.
3. Conclusions

.In this contribution, we analyzed the impact of defining a new E-UTRA REFSENS at low SNR region. In summary, following observations/recommendations were made:
· RF and Demod performance

· The new REFSENS test at low SNR is feasible with multiple HARQ transmissions.

· This new test does not reveal additional information on UE RF performance, but it does test baseband algorithm such as channel estimation performance at low SNR

· Initial test condition should be normal signal power such that initial acquisition is not an issue

· RRM performance

· E-UTRA and UTRA differs in frequency scan performance under the same Ior.

· The new lower REFSENS level should not be used as the default test condition for RRM tests.

· Use case

· The new REFSENS test could be supported to ensure call continuation when DL signal drops far below thermal level.

· LTE UE should not be expected to acquire an unknown cell on an unknown frequency at the lowered REFSENS level

· DL/UL link budget imbalance is not an issue in the case of single RB allocation (Voice).
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