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1
Introduction

Channel state information reference symbols (CSI-RS) target CSI estimation at the UE for CQI/PMI/RI reporting in LTE-advanced [1]. Together with UE-specific precoded DM-RS, CSI-RS support is required for 8-Tx DL spatial multiplexing which is part of the Rel-10 work item on enhanced DL MIMO transmission [2]. Additionally, several companies have argued in favor of a future proof and scalable CSI-RS design to potentially allow introducing new features such as e.g. multi-cell CSI estimation and reporting in support of DL CoMP in further releases beyond LTE Rel-10. This leads to very tight constraints on CSI-RS design already during LTE Rel-10 timeframe.
In this contribution, we address CQI estimation over CSI-RS – including realistic interference estimation, and discuss the achievable accuracy and impact to LTE Rel-10 performance given the current agreement on the CSI-RS density [3].
2
Discussion and simulation results
Following a call for simulations with commonly agreed parameters [4], during RAN1#59 it was concluded to set the CSI-RS density to 1 RE per antenna port per PRB [3]. Such low density has benefits on paper in terms of pattern design, intra- and inter-cell CSI-RS multiplexing and LTE Rel-8 legacy impact which was deemed to be of utmost importance. However, as further discussed in this contribution, challenges are to be expected in practical implementations and associated performance.
Purpose of CSI-RS:
The envisioned role for CSI-RS is twofold:
· CSI estimation for PMI/RI feedback: most of the contributions discussed during RAN1#59bis showed that a density of 1-2 RE/port/PRB for CSI-RS provides sufficient performance in terms of CSI feedback, assuming both unquantized SVD- and codebook-based feedback. This simulation study focused on intra-cell DL SU-MIMO performance. For DL MU-MIMO it is worth noting that errors in reported CSI will not only affect the target UE but also the interference it causes to the paired UE(s) leading to worse impact at throughput level than what was observed for SU-MIMO.
· CQI estimation: CSI-RS is foreseen to be used for deriving the CQI feedback at the UE [1]. First, as noted in [4] the periodic nature of CSI-RS will not allow tracking properly the interference in time in a similar way as if CRS were used. Besides this aspect, there exists a fundamental problem with practical interference estimation over CSI-RS because of the very low agreed density of 1 RE/port/PRB. This is confirmed by our simulation results and findings further presented in this document. This issue is also acknowledged in [6].
Interference estimation over CSI-RS:

Practical interference estimation over CSI-RS is expected to operate in a similar fashion as over CRS in LTE Rel-8. The most critical differences lie in the total sample support as well as CSI-RS frequency spacing: 
· The current CSI-RS density leads to a total of 8 RE/PRB for 8-Tx in sub-frames where CSI-RS are transmitted, the effective density being ten times lower assuming 10 ms CSI-RS periodicity. On the other hand 16 RE/PRB are available in every (normal) sub-frame for a baseline configuration with two CRS ports.
· The agreed CSI-RS density of 1 RE/port/PRB implies a spacing of 12 subcarriers between consecutive CSI-RS in frequency for each antenna port: this corresponds to 180 kHz bandwidth that can be potentially larger than the coherence bandwidth (Bc) of some frequency selective channels (e.g. Bc=160 kHz for ETU channel [7]). Hence, the current CSI-RS design does not allow capturing sufficiently the frequency selectivity of the channel. This is not that much visible from PMI selection perspective since the latter is calculated over wider chunk (e.g. 3 PRBs) and some averaging occurs inherently. However capturing the channel frequency selectivity is crucial for subsequent noise/interference estimation in practice as further explained below.
Practical interference estimators will typically obtain first a channel estimate per antenna port from DL RS – using CRS or CSI-RS as support – and substract the own cell signal for example at RS locations to finally perform interference covariance estimation and averaging. We performed link-level investigations on CQI estimation assuming an 8x2 transmission. Figure 1 and Figure 2 below show the resulting bias in the measured CQI as the median of the error in the estimated SINR ([dB]) at the UE in Extended Pedestrian-A (EPA) and Extended Typical Urban channels (ETU), respectively. The own cell signal power part of the SINR is estimated from CSI-RS which are transmitted with 5 ms periodicity. Wideband interference estimation is performed and the interference itself was modelled as white Gaussian noise which variance is estimated from either CSI-RS or CRS positions. Performance of interference estimation over CRS (AP0 and AP1) serves as reference. The channel coherence bandwidth was assumed to be perfectly known at the UE, which is not the case in practice, to allow tuning the channel estimation filter optimally. 
These results clearly show that the agreed CSI-RS density of 1 RE/port/PRB is largely insufficient for reliable CQI measurement in frequency selective channels. The resulting channel estimation error leads to significant bias in subsequent CQI estimation which is likely unbearable for practical implementations. Power boosting of CSI-RS would not help reducing the bias any further. Increasing the CSI-RS density up to 2 RE/port/PRB, e.g. 16 RE per CSI-RS sub-frame for 8-Tx in these simulations, helps largely to improve CQI accuracy. The best results are observed when the signal power part of the SINR is derived from CSI-RS and the interference part is estimated from CRS. The latter interference estimate is anyway available at the UE since CRS-based demodulation takes place at least for common channels. On the basis of the results herein, CRS are found to offer a reliable alternative for interference estimation as also pointed out in [5] and [6].
The 3GPP-driven simulation campaign that took place between RAN1#59-59bis targeted the choice of the CSI-RS density by focusing almost exclusively on Rel-10 DL SU-MIMO performance and Rel-8 legacy impact. Most of the available simulation data does not seem to factor-in realistic CQI estimation – although the CSI part is derived from CSI-RS, ideal knowledge of the noise variance is still assumed. Alternatively, outer-loop link adaptation (OLLA) may have been used to correct CQI mismatches over time. It remains debatable whether OLLA techniques can help to such extent in real-world deployments and nevertheless these have not been assumed so far by RAN4 when deriving CQI requirements. 
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Figure 1: Median of SINR estimation error (EPA)
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Figure 2: Median of SINR estimation error (ETU)



3 Conclusions

Similarly to [5] and [6], we echo shortcomings of current CSI-RS design which does not allow reliable interference covariance estimation for 8-Tx closed-loop DL MIMO operation in practice. With the current agreement on the CSI-RS density of 1 RE/port/PRB, CSI-RS should target CSI estimation only. One remedy would be to increase the CSI-RS density to at least 2 RE/port/PRB. Otherwise, challenges are to be expected throughout upcoming RAN4 work and further in practical implementations. At the end, future proofness and possible extension of CSI-RS usage to multi-cell CSI reporting beyond LTE Rel-10 risks being compromised from the start. Hence, we conclude with the following recommendation to 3GPP:
· Discuss whether CSI-RS density should be increased to at least 2 RE/port/PRB.
Current design basically mandates usage of CRS for interference estimation. It is noted that if this is deemed acceptable, the negative impact of PDSCH RE muting on CQI estimation becomes irrelevant in relation to multi-cell CSI estimation with CSI-RS.
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