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1
Introduction

In the new Study Item on downlink MIMO enhancements for LTE-Advanced [1], one topic to be studied is listed as follows:
· With first priority:

· Evaluate issues from real-life network deployments of MIMO. 
While there is so far only limited experience from real-life network deployments of even LTE Release 8 MIMO, and no network deployments with LTE Release 10 MIMO, there are a few topics that can be already identified as potentially requiring further attention. In the following we discuss several aspects related to practical MIMO operation in LTE from both system perspective and UE implementation perspective.
2
Issues from real-life DL MIMO implementations
Specifically in the DL MIMO Study Item description [1], rank adaptation was one aspect to be considered, as well as antenna calibration which was mostly assumed ideal during Release 10 codebook studies. Additionally, from UE implementation perspective interference measurements, especially utilizing CSI-RS, are seen problematic in frequency-selective channels due to the very large spacing of 12 subcarriers between CSI-RS REs and overall very low density. Furthermore, given the CSI-RS periodicity in time and increasing UE feedback processing burden, it seems the feedback processing at the UE could be simplified by relaxing the feedback processing time if further feedback enhancements are specified in future releases. In the following we discuss each of these aspects in more detail.

2.1
Rank adaptation
Currently, the UE has to rely on common reference signals (CRS) for interference estimation. However, these have a reuse factor of three only (with two or more Tx antennas at the eNB), and hence CRS-to-CRS collisions with neighboring cells are very likely. This may cause pessimistic CQI and rank estimation in typical fractional load scenarios where the interference on the PDSCH could be low due to the absence of traffic in neighboring cells. 
However, whether this indeed poses a big problem at system level in practice remains far from clear as no quantitative analysis on the issue has been performed so far: It has to be pointed out that the eNB does have a set of tools already available to combat the potential issue, for example by configuring a suitable PDSCH EPRE to CRS/CSI-RS EPRE offset to the UE. In a fully interference-limited environment the impact of this should roughly correspond to adjusting the average interference power level. Also it is in principle possible to increase the effective CRS reuse factor for CSI measurements by configuring the UE with MBSFN subframes together with a suitable CSI measurement subframe restriction pattern.
Regarding rank adaptation, it has to be noted that the biggest shortcoming related to rank reporting performance in fact is not related to RAN1 specifications but rather to RAN4 performance requirements on rank reporting [3]. As long as the rank reporting performance requirements are very loose and in fact favor basic MIMO receivers like MMSE instead of more advanced receivers, it does not seem to pay off to try to fix less significant issues in RAN1. Hence the biggest practical improvement regarding rank adaptation could in fact be made in RAN4 by making sure that 1) requirements ensure good overall throughput performance in the field and 2) that requirements are receiver agnostic.
To conclude, it seems that first thing related to rank adaptation would be to verify that the problem even exists in the first place. On the other hand, as discussed in the next section, it might be beneficial anyway from system perspective to improve UE interference estimation possibilities using CSI-RS – the potential rank adaptation problems would then be solved at the same time.
2.2
Interference measurements
As mentioned above, also the potential rank adaptation problem is ultimately caused by UE interference estimation possibilities. Essentially the UE has to rely on CRS currently which may cause biased estimation due to CRS-to-CRS collisions. CSI-RS would offer a high enough reuse factor, however as shown in [2], the density of CSI-RS is far too sparse to allow proper interference covariance matrix estimation, especially in frequency-selective channels and/or when the UE is configured with frequency-selective CQI feedback in which case the possibilities for filtering the interference covariance across frequency are very limited. This would result in excessive CQI mismatches and thus in throughput loss.
Furthermore in Release 10 the reference signal paradigm changed from CRS-based to CSI-RS and UE specific RS -based operation. Consequently, the usage of CRS is decreasing as typically one would virtualize the eNB antennas into fewer CRS antenna ports. Hence the number of used CRS ports will be decreasing, impacting also the quality of the CRS-based interference estimates. Furthermore, increased usage of MBSFN subframes for overhead reduction is envisioned for future systems when the number of legacy UEs relying on CRS would be going down. This would further reduce the UE opportunities to measure interference from CRS. So clearly UE might not be able to rely on CRS-based interference estimation always in future releases.
An additional aspect of interference measurements based on CRS is whether the UE can confidently rely on CRS actually reflecting the correct interference levels. In particular, in the new scenario with geometrically separated antennas (e.g. RRHs) sharing the same cell ID, CRS would reflect the interference coming from outside of the whole cell, i.e. outside of all transmission points with the same cell ID. Since PDSCH may actually be transmitted only from a subset of the transmission points, clearly CRS-based interference estimates would be mismatched compared to the interference underlying the actual PDSCH transmission. In order to enable proper CQI reporting functionality also in such scenarios it would be beneficial to enhance UE interference measurement possibilities when configured in CSI-RS and UE-specific RS –based transmission mode(s).
2.3
Feedback processing time

In Release 10, double codebook –based feedback for 8Tx was specified. For example for ranks 1 and 2, this requires the UE to essentially go through 16 i1 hypotheses and 16 i2 hypotheses which combined already starts to be at the limits of UE feedback processing power. In both CoMP Study Item as well as in the new DL MIMO Study Item further feedback enhancements may need to be introduced, most likely increasing the feedback processing load at the UE side even further.
At the same time the feedback processing time allowed for the UE has been kept at Release 8 level, i.e. at 4 ms. This is in heavy contradiction with the fact that CSI-RS periodicity already implies larger CSI feedback delays than what is experienced in Release 8/9, and on the other hand CSI-RS periodicity also implies that the schemes are targeted to low mobility scenarios. From this perspective it would make sense to match the feedback processing time with the delays anyhow existing in the system as this would allow greatly simplifying UE implementations.
To see the impact of increased processing time at UE side, link simulations were run in Rel-10 4 Tx closed-loop single-user MIMO context with CSI-RS periodicity of 10 ms, and performance was studied with different feedback delays. Detailed link simulation assumptions are listed in Appendix A. As seen from the results, there is negligible loss at 3 km/h when increasing the delay up to 10 ms (a fraction of a dB). At 30 km/h there is practically no impact since already 5 ms is too much for closed-loop operation. It is noted that the delay marked in the legend is the additional delay on top of what is caused by the CSI-RS periodicity.
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Figure 1.Performance of Release 10 4Tx closed-loop single-user MIMO with different feedback delays at 3 km/h.
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Figure 2. Performance of Release 10 4Tx closed-loop single-user MIMO with different feedback delays at 30 km/h. At this speed even 5 ms delay is too much hence there are no performance differences.

However it is noted that relaxing the feedback processing time would not anymore simplify UE implementations with current feedback (unless the change is actually made to Release 10 specifications), so modifications are to be considered mainly in case further CSI feedback enhancements are specified as part of Release 11 (or beyond).

Obviously this feedback processing complexity aspect should then also be taken into account in the development of the new schemes.
2.4
Antenna calibration

Impact of antenna calibration on codebook performance was mentioned in the Study Item description as another potential real-life aspect to be looked at. LTE codebooks have been designed assuming certain antenna configuration and channel correlation structure at the eNB side. Additionally, PMI feedback granularity has been optimized for the ideally calibrated case. The impacts of imperfect calibration are already quite well known since the phenomena have been studied ever since LTE Release 8 [4] up until more recent Release 10 codebook studies [5]

 REF _Ref292137865 \r \h 
[6]: when for example transmit timing differences or phase misalignment between transmit antennas are considered, the codebooks and the overall feedback design do not match with the assumptions anymore. Some evaluations on the antenna calibration issue were already done during Release 10 codebook design, however nothing was specified to address this issue in particular. Hence currently the eNB antennas have to be calibrated precisely enough in order to fully gain from codebook –based operation. Current RAN4 requirement on the transmit timing differences is 65 ns which for example across a 20 MHz band may induce up to 470 degrees relative phase rotation between two antennas, obviously ruining the precoding performance. One possibility could be to tighten the transmit timing requirements, however those are already on the strict side so other solutions such as re-evaluating for example the precoding granularity could be considered as well. In any case, to justify any further specification to address the issue it seems evaluations of the achievable gains versus uplink overhead and UE computational complexity will be needed; for example the calibration error model introduced in [7] could with some modifications serve as the starting point.
3
Conclusions

The most problematic aspects of current DL MIMO from practical implementations are UE possibilities to perform reliable interference measurements, and on the other hand the feedback processing time which is currently mismatched compared to other CSI feedback delays existing in the system, both of which are issues that may become even more problematic with future releases. Therefore we have the following proposals:
Proposal: Enhance UE interference measurement possibilities when CSI feedback is based on CSI-RS.
Proposal: If CSI feedback is to be further enhanced, consider relaxing the UE feedback processing time to simplify UE implementations.
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Appendix A - Link simulation parameters
	Parameter
	Value

	System bandwidth
	5 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration at eNB
	4 cross-polarized

	Antenna configuration at UE
	2 cross-polarized

	Antenna spacing
	0.5 λ

	PDCCH/PDSCH configuration
	3 OFDM symbols for PDCCH, 11 for PDSCH

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	{3, 30} km/h

	Transmission mode
	Rel-10 closed-loop spatial multiplexing (TM9)

	Precoding
	Rel-10 codebook for 4-Tx

	Precoding granularity
	WB precoding: 25 PRB

NB precoding: 1 PRB

	PMI reporting delay
	{5, 6, 7, 8, 9, 10} ms

	PMI reporting periodicity
	(W1, W2) = (10 ms, 10 ms)

	Number of layers
	Fixed rank 1-2, throughput envelope by post-processing

	Modulation and coding
	Adaptive MCS

	HARQ
	Max. number of transmissions 4

	Number of allocated PRBs
	4

	CSI-RS configuration
	4-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	DM-RS pattern for ranks 1-2

	Channel estimation algorithm
	Realistic channel estimation over CSI-RS for PMI selection and DM-RS for demodulation


