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1
Introduction

In RAN1#66bis, RAN1 discussed the issue of rank adaptation in presence of power imbalance between the antenna ports. The issue as originally raised in [1] seems to hint that some UEs might have problems with handling antenna ports that are having a large power imbalance in terms of received power. In particular, in the measurements conducted in [1] the UE was claimed to have reported rank 2 even in cases in which one of the two antenna ports was received with considerably stronger power than the other port, hence creating a highly rank-deficient (rank 1) channel. This rank adaptation problem was causing the throughput to drop to very low values even if the received power from one antenna port was very strong.
So far the RAN1 discussion focused on whether there is an issue related to rank adaptation that requires further work from RAN1, however the conclusion was left for further discussion until RAN1#66bis.

In this contribution we provide further results on the rank adaptation issue based on real-life measurements with Renesas Mobile triple-mode UE, essentially illustrating that the problem indeed has nothing to do with RAN1 specifications, but is rather an issue of receiver performance and hence can only be addressed by RAN4 if needed. 

2
Measurement setup
The measurement was conducted in an indoor office environment as shown in Figure 1. The two Tx antennas of the eNB were physically pulled apart such that antenna port 1 (CRS port 1) was located at the end of the corridor while antenna port 0 (CRS port 0) was located halfway across the corridor. The UE was moved at walking speed, starting from under AP1 (at 0 s) and finishing roughly under AP0 (at 50 s). The eNB was configured to transmit using spatial multiplexing based on transmission mode 3, following the UE recommendation on the transmission rank. We measured various statistics including throughput, RSRP and rank. The rank reports were averaged over 600 ms sliding window.
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Figure 1. Layout of the office and the measurement route along the corridor.
3
Results
Results on throughput and reported (averaged) rank are shown in Figure 2 and Figure 3, respectively. On RSRP, we observed 25-30 dB lower power in the middle point of the measurement route compared to the maximum RSRP measured directly under one of the Tx-antennas, basically confirming the very large power imbalance.
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Figure 2. The throughput (normalized with respect to maximum observed): Between the antenna ports rank 2 is utilized and hence throughput is slightly higher on average. However there is no dramatic drop in throughput observed when moving closer to each of the antennas.
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Figure 3. Rank reported by the UE averaged over 600 ms periods. Clearly rank 2 is reported more between the antenna ports while rank 1 happens close to each antenna port.
From the results we can draw the following observations:
· Below each antenna port the channel is highly rank-deficient, and the UE correctly reports rank 1.

· Between the antenna ports, the channel is essentially a rank two channel since the channel branches are highly independent and received power is close to equal. UE correctly reports rank 2.

· Highest throughput is observed between the antenna ports due to high rank 2 utilization, as expected.
· In the rank 1 region close to the antenna ports the throughput is slightly lower, but there is no dramatic throughput drop observed as in [1]. The drop is solely due to rank 1 usage instead of rank 2, in fact the performance was MCS-limited in this region due to high SINR.
In summary, in this measurement the UE rank estimation and rank adaptation worked as intended, and hence we do not observe any issues with rank reporting in presence of power imbalance.
4
Conclusions

From the real-life measurement results presented in this contribution, it is very well seen that the Renesas Mobile triple-mode UE worked just as intended in terms of rank adaptation in the scenario with large power imbalances. However in the measurements performed in [1] there were problems observed. Hence, our conclusion on the topic is that the issue is solely about UE receiver performance in presence of power imbalances, which is clear since some UEs seem to handle the scenario rather well while some UEs are having problems.
Our proposal is that the proponents of changing the specifications to better cope with power imbalances raise the issue directly in RAN4. For RAN1 this topic seems to have no further relevance.
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