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1 Introduction
The study item description for ‘Elevation Beamforming (EBF)/Full-Dimension (FD) MIMO for LTE’ [1] contains the following sentences:

Performance gain from the studied techniques should be evaluated taking into account the followings:
· eNB antenna calibration errors (time, amplitude, and phase)

· eNB antenna coupling and correlation specific to 2D active antenna array 
It has not yet been discussed how to take these hardware related imperfections into account in the RAN1 evaluations. The purpose of this contribution is to give some overview on the related RAN4 work and suggestions on how to proceed on this topic in RAN1.  
2 Mutual coupling
Mutual coupling between antenna elements in the 2D antenna arrays implies that some energy transmitted from one antenna element is re-radiated from neighboring antenna elements. This will then have an impact on the radiation pattern or sensitivity and thus affect performance. RAN4 has developed a model for mutual coupling [2] of a linearly spaced co-polarized array with 0.5λ spacing. A coupling matrix C which is parameterized in a single scalar c has been proposed. However, the model is not complete for RAN1 use, since the value for c is not given as it depends on the particular antenna element and spacing etc. In RAN4 AAS study item, there has been simulation results showing the impact of mutual coupling on the AAS performance, as also included in [2]. 
RAN4 has not yet addressed the coupling radiation impact with many of the AAS requirements. The EIRP accuracy requirement is a first and very approximate means of capturing coupling effects on the main lobe. However there has been a long RAN4 discussion about the impact of coupling to control loops, in particular PA pre-distortion. Coupling could give rise to a reverse intermodulation signal that could cause the PA to fail emissions (and EVM) requirements when radiating even if it would appear to be fine in conducted tests. There may also be a risk of altered control loops also impacting the radiation pattern (although this is unlikely to be the case if emissions and EVM requirements are met).
Moreover, RAN4 has not previously considered in detail such large antenna arrays with two dimensional structures and with up to 64 TXRU that are being assumed in this study item. Apart from the issues discussed in this paper, multiple other issues as described in [4] need RAN4 to consider and set appropriate requirements for. Based on the experience of AAS progress in RAN4, it is important that RAN4 starts early (i.e. now) with a study that reflects the RAN1 study; in particular considers that the 2D array dimensionality considered by RAN1 is feasible to meet within a reasonable volume whilst meeting existing RAN4 requirements and what requirements further to the existing RAN4 AAS WI might be needed for supporting large array architectures and the RAN1 schemes. Otherwise it becomes impossible to start a RAN1 work item on EB/FD-MIMO after the study item.
Observation: To avoid that the outcome of the EB/FD-MIMO SI becomes a RAN1 paper product which cannot continue in a work item, it is important that RAN4 start a related study of up to 64 TXRU as soon as possible. 

Although starting such a study is a RAN issue, for our RAN1 evaluations, we need a mutual coupling model and asking RAN4 for such a model would early involve RAN4 in EB/FD-MIMO. This would make RAN4 experts start working in this direction and improve the chances of a EB/FD-MIMO work item continuation in RAN1.
3 Calibration errors
In the Rel-11 study item on Downlink MIMO Enhancement for LTE-Advanced [3], calibration errors were considered. The study item was concluded in [4] as follows:
6.1
Time misalignment / antenna calibration

The performance impact of time misalignment and calibration error has been studied with the summary as follows,

· Time misalignment and calibration error handling is implementation dependent

· Time misalignment and calibration error has less system performance impact for SU-MIMO than for MU-MIMO

· Time misalignment and calibration error does not have significant system performance impact at least for co-located antennas, especially for SU-MIMO

· Sub-band PMI/CQI feedback is more beneficial in the presence of TAE than without TAE

· Any further evaluations on feedback enhancement should take TAE into account – discuss further how/when to model TAE. 

In the Rel-12 WI that followed, the PUSCH feedback mode 3-2 was introduced which partly could reduce the impact of time misalignment of TXRU. The RAN4 requirement of 65 ns TAE was designed for transmit diversity and is clearly too large to produce a high quality wideband radiated beam. However, internal calibration and mode 3-2 feedback improves the situation for SU-MIMO at least. 
However the side lobe levels are much more sensitive to phase errors and it may impact the performance of FD-MIMO and MU-MIMO with antenna arrays with up to 64 TXRU. Hence, the time alignment requirement may need to be revisited in RAN4, or an alternative, “beam quality” requirement that would implicitly capture the timing alignment error. Again, it is urgent that RAN4 begin to study these issues sooner than later to not delay a RAN1 WI. 

Observation: In previous MIMO SI and WIs in RAN1, eNB antenna calibration errors with 65 ns TAE have been assumed. Calibration has assumed to be under “implementation control” and thus no specification enhancements has been proposed to aid calibration. 
When the number of TXRU is increased above eight and/or 2D antenna arrays are introduced, it is important to understand whether the 65 ns TAE requirement still is adequate. This is yet another issue that needs RAN4 involvement. Hence we propose also to add such a question in the LS to RAN4. 

Meanwhile awaiting response from RAN4, RAN1 could continue assuming 65 ns TAE and compare the performance with ideal TAE assumption for the studied CSI feedback modes. This is what was done for Rel-12 MIMO enhancements.

4 Conclusion

We have these proposals that could be discussed and turned into LS to RAN4. 

Proposal 1: Ask RAN4 to provide RAN1 with a model for mutual coupling to be used in RAN1 performance evaluations using the agreed antenna configuration of cross-polarized antenna arrays with 0.8λ and 0.5λ spacing in vertical and horizontal direction respectively. The model should be valid for planar two dimensional arrays with 1 to 32 antenna elements in both vertical and horizontal direction. 
Proposal 2: Ask RAN4 if the dimensions of the antenna arrays (with the assumed antenna element spacings)  under consideration in RAN1 is feasible (e.g. enough isolation can be provided, enough filtering is possible for meeting emissions requirements and EVM given volume constraints) 
Proposal 3: Ask RAN4 whether the existing requirement on 65 ns TAE is adequate to assume between up to 64 TXRU. RAN4 should further consider whether and how sufficient requirements could be drawn up to ensure that the time alignment and beam quality is as good as assumed by RAN1.
Moreover, RAN1 should adapt to proposal 4:
Proposal 4: While awaiting RAN4 guidance, RAN1 could continue assuming 65 ns TAE to study the impact of calibration errors on the performance relative to 0 ns TAE. 
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