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1 Introduction
In the previous RAN4 meetings, testing of aperiodic precoding matrix indicator (PMI) reporting has been considered for both the cases of frequency-selective and wideband PMI. 
Frequency-selective PMI report is used in the aperiodic PUSCH mode 1-2, which is supported in LTE for the transmission modes Closed-Loop Spatial Multiplexing and Closed-Loop Rank-1 Precoding [1]. In PUSCH mode 1-2, the UE selects from the precoding codebook one preferred precoding matrix for each sub-band, assuming transmission only in that sub-band, and reports the selected PMI for each sub-band [1]. The relevant codebook for the given number of antenna ports and transmission layers corresponds to the reported rank indicator (RI) in the case of Closed-Loop Spatial Multiplexing, and to RI = 1 for Closed-Loop Rank-1 Precoding. The sub-band size for different system bandwidths is given in Table 7.2.1-3 of [1].

Wideband PMI report is employed in the aperiodic PUSCH mode 3-1, supported for the transmission modes Closed-Loop Spatial Multiplexing, Multi-user MIMO and Closed-Loop Rank-1 Precoding [1]. In PUSCH mode 3-1, the UE selects from the precoding codebook a single precoding matrix, assuming transmission on all the sub-bands of the set S, and reports the single selected PMI [1]. The applicable codebook corresponds to the reported RI in the case of Closed-Loop Spatial Multiplexing, and to RI = 1 for other transmission modes [1].
Methods for testing aperiodic PMI reports have been discussed in [2]-[4]. In this contribution, we present additional simulation results on the PMI testing methodology of [3], [4], based on relative throughput performance. 
2 Aperiodic PMI Testing
A possible approach for testing of aperiodic PMI reporting modes based on the use of a static two-path channel with an embedded wideband precoder was presented in RAN4 #48bis [2]. An alternative methodology was proposed in RAN4 #49, based on a relative throughput test for EPA and EVA channels, comparing the throughput performance with precoder chosen according to the UE wideband or frequency selective PMI reports, and the throughput obtained using of a random precoder [3]. The results reported in [3] for 2×2 MIMO transmission show a significant performance difference between the case where the transmitter precoding is based on the wideband PMI reported by the UE and the case of random precoding. However, this approach does not work well for very dispersive channels, where frequency selective PMI report shows only a marginal advantage over wideband PMI report. This is due to the fact that the low SNR of operation and the small sub-band size put a significant strain on channel estimation. For PUSCH mode 1-2, where a PMI value is reported for each sub-band, the availability of only a small number of reference signals (RS) per sub-band implies a relatively high impact of channel estimation errors., Moreover the small size of the PMI codebook for 2x2 system and rank-1 reporting (4 precoding vectors) will inevitably cause significant errors in the precoder selection, and hence a poor quality of the reported PMI. This small codebook size is robust enough for wideband precoder but not for frequency selective PMI, where a better resolution/granularity of the PMI codebook is needed in order to guarantee a correct PMI selection.
In this section, we report additional simulation results for the testing methodology of [3], [4]. The simulation results shown in Figure 1 have been obtained assuming full resource block allocation on a system bandwidth 10 MHz, 2×2 rank-1 transmission, EVA channel profile with mobile speed 3 km/h. The throughput curves refer to the use of a fixed reference channel (FRC), with QPSK modulation and code rate 1/3 [4]. The simulation was based on a UE processing delay of 4 sub-frames for PMI transmission on the PUSCH, and an eNB processing delay of 2 sub-frames for scheduling of the downlink transmission based on the received PMI. Similarly, Figure 2 reports the simulations results for EPA channel profile for a FRC with 16-QAM modulation and code rate 1/2, using the same assumptions as the EVA case.
The simulation results are in good agreement with those presented in [4].  As shown in Figures 1 and 2, at the SNR of operation for the selected fixed reference channel, the use of wideband PMI report corresponds to a sizeable throughput gain with respect to random PMI feedback and to a significant gain with respect to the case of fixed precoding. The observed throughput gain of wideband PMI over fixed precoding is of about 2 dB. Therefore, the case of fixed precoding can be considered as a suitable reference for a relative throughput test. However, the advantage of frequency-selective PMI over wideband PMI report is marginal. Therefore, the reported results confirm that the proposed approach based on relative throughput is suitable for testing of the wideband PMI report for PUSCH mode 3-1, but is affected by a performance issue if applied to the frequency-selective PMI report for PUSCH mode 1-2.
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Figure 1 – FRC throughput performance for EVA channel.
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Figure 2 – FRC throughput performance for EPA channel.

In particular, the collected results suggest the possibility that a relative throughput requirement for frequency-selective PMI based on the above approach could be met by a UE implementing only a wideband PMI report. In fact, the observed performance difference between the cases of wideband and frequency-selective PMI report was of only about 0.6 dB. 
3 Conclusions

We have presented simulation results for the PMI testing methodology of [3], [4], based on relative throughput performance. The results are in good agreement with the simulations reported in [4]. Based on the collected data, the proposed testing methodology can be considered suitable for testing of the wideband PMI report for aperiodic PUSCH mode 3-1.
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