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1. Introduction
Discussions on real-life issues started in the previous meeting, RAN1 #65. Quite a few issues were identified as evident from the chair man notes:
Observations: Real-life issues identified above:

· Rank adaptation

· Time alignment errors

· Antenna calibration and partial reciprocity

· Vertical beamforming for dense urban deployments

· Specific antenna configurations: cross-polarized; geographically-separated antenna deployments; circular array; 

· Antenna tilting

· UE interference measurements and feedback processing time

· Feedback granularity

· DL control channel limitations for high numbers of tx antennas

Priority for RAN1#66: consider which are the highest priority real-life issues to address, and how they might be addressed. 

Interestingly, almost all of the issues were raised without actually giving any indications of problems based on real-life network deployment of MIMO in LTE, contrary to the intention of the Downlink MIMO Enhancement WID [1] . Nevertheless, some of the topics deserve further consideration and could constitute guidance as to where RAN1 should focus the overall MIMO work in Rel-11, in this agenda item as well as in the other agenda items. 

This contribution discusses some of the real-life issue topics identified in the previous meeting and attempts to offer guidance on prioritization.

2. Discussion on Topics for Prioritization
Out of the long list of real-life issues, we believe two issues in particular should be addressed:

· Geographically-separated antenna deployments

· UE interference measurements

The following subsections deal with these topics in more detail. 
2.1. Geographically-Separated Antenna Deployments

In [2] , we presented measurements of downlink performance from an indoor LTE deployment as part of a real-life commercial LTE network with commercial UEs. The system employed 2x2 spatial multiplexing in a so-called interleaved antenna port setup where every other antenna location correspond to CRS port 0 and the other antenna location correspond to CRS port 1. Thus when the UE is close to one antenna location it hears one of the antenna ports extremely well while the other port is much weaker (35 dB). In-between two antenna locations, a good spatial multiplexing gain should be achieved while close to an antenna location the performance should more resemble that of single antenna transmission. Overall, the system performance should in theory be significantly improved compared to a corresponding SIMO deployment with the same number of antennas. Somewhat surprising this was not the case as the link throughput dropped to almost zero close to the antenna location while the CSI feedback indicated rank 2. Evidently, at least some UEs may have problems handling a large power difference between the two antenna ports and the rank reporting may need to be improved. 
Interestingly, the potential of interleaved antenna port deployments, but also the problems of LTE UEs handling dislocated antenna ports, seem to have been independently observed by others as well. In [3] , the findings of a measurement campaign concerning an interleaved antenna port deployment are recognized and summarized as: 

“As part of its study, A1 Telekom tried to force MIMO capability
into its existing DAS solutions by running the two transmission
paths through different legacy antennas, including
antennas that could be on different floors and/or around the
hallway corner from each other. The operator found that the
performance was actually measurably worse with MIMO
than with SIMO. The reason for the degraded performance
was that the receiver in the mobile device couldn’t handle the
significantly different signal strengths from the two signals
(recall that signal attenuation occurs due to penetrating walls/
floors/ceilings and to traveling further on the coax cable).”
 
Observation

· UEs seem to have problems handling a large power difference between antenna ports preventing the promising concept of an interleaved antenna port deployment 

An interleaved antenna setup is an interesting deployment technique that can facilitate the re-use of existing indoor deployments, including antennas and cabling. With high probability, such existing deployments only support single layer transmission, but with the introduction of LTE it is natural to try to support spatial multiplexing to gain in throughput, particularly for indoor which should constitute a MIMO friendly environment with high geometries. Placing the antenna ports in an interleaved fashion should give provide spatial multiplexing gains while allowing existing antennas (assuming they support the LTE frequency band in question) to be kept. Reduced work with cabling can also be achieved in some cases, as illustrated in Figure 1.
Observation

· An interleaved antenna port deployment facilitates re-use of equipment in existing indoor installations
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Figure 1: Re-use of cabling and antennas by means of an interleaved antenna port setup.

The problems associated with the indoor interleaved antenna port deployment serves as a good example of issues that may arise as LTE now moves towards more elaborate use of antenna ports in order to offer flexibility with respect to antenna deployments and transmission schemes. Two antenna ports can no longer be assumed to be transmitted from the same geographical location while this may very well be an implicit assumption in many UE implementations. Naturally, RAN4 performance requirements would need to be introduced to cover new antenna arrangements. This is also closely related to the trend of LTE moving towards more heavy use of UE specific RS to achieve flexible transmission characteristics, particularly for CoMP applications. 

Observation

· CoMP and new deployment types make clear that different antenna ports can no longer be assumed to be transmitted from the same geographical location

But improvements of RAN1 specifications may also need to be considered. For example, although not the reason for the surprising UE behavior in our indoor measurement campaign, the definition of RSRP in 36.214 shows how the present RAN1 specifications sometimes implicitly assumes that antenna ports are co-located:
“Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.”

Proposal
· The topic of antenna port association to physically separate locations as part of geographically separated antenna deployments should be prioritized

· Consider schemes for controlling the UE rank reporting

· Consider whether mobility measurements need to be enhanced to cope with geographically separated antennas and future flexible deployments

· Introduce RAN4 performance requirements to ensure flexibility with respect to association of antenna ports to geographical locations
· Including ensuring that UE specific RS truly makes the transmission transparent to the UE also in practice.
2.2. UE Interference Measurements
Interference estimation on the UE side for CSI feedback is a topic that has been discussed before [4] . It is commonly assumed that UEs measure interference on the REs used for CRS transmissions. As mentioned in earlier discussions, this leads to erroneous interference estimates since the interference level on CRS REs is typically not at all similar to the interference level on data REs. CRS REs see substantial interference coming from other CRS transmissions; if CRS is not frequency shifted, all interference comes from CRS while with frequency shifts every third interference source corresponds to CRS. 

Observation

· Interference level on CRS REs does not scale with data load since CRS is always on and hence does not reflect interference level on data REs
Although the problems with interference estimation have been brought up on several occasions in discussions concerning previous releases [4] 
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[5] , many of the scenarios discussed in Rel-11 put extra burden on the interference estimation capabilities of the UE. In particular, we note that there are several additional reasons why relying on CRS REs for interference estimation becomes even more difficult than before:
· The growing use of MBSFN subframes for PDSCH, particularly for CoMP. There is no CRS present in the data region of MBSFN subframes and hence CRS based interference estimation would be further degraded.
· The introduction of measurement restricted subframes in Rel-10 for eICIC. This was motivated by the need for accurate interference estimation in heterogeneous deployments reflecting the true interference situation; with CRS REs this is clearly not fulfilled.
· The use of non-frequency shifted CRS is proposed as a means for avoiding the detrimental problems with CRS and PDSCH collisions for joint transmission CoMP and certain forms of heterogeneous deployments [6] . Note that in case of non-frequency shifted CRS, the interference estimate would correspond to an unstable system with 100% resource utilization and thus be completely wrong. 
· Deployments concepts such as geographically distributed antenna ports and shared cell [7]  where the same CRS is used over multiple points and where CoMP CSI feedback is not configured.

· New carrier types potentially not carrying any CRS are starting to be discussed as part of the carrier aggregation work item.

Proposal

· UE interference measurements need to be prioritized

· Present use of CRS REs for interference estimation is becoming even more erroneous as new functionality such as CoMP and data in MBSFN subframes is introduced
· Fits nicely as a CSI feedback enhancement
3. Maintaining a Reasonable Study Item Scope
The DL MIMO study item is quite far fetching. Judging from the contributions and the study item description, there are three main flavors of topics:

· Real-life issues

· Non-traditional deployments, including geographically separated antennas

· Downlink control signaling based on UE specific RS

On top of this, techniques for CSI feedback continue to receive substantial attention. 
As evident from Section 1, a multitude of study areas have been proposed under the real-life issues topic. Many of the study areas actually seem to map to one of the other main topic flavors. In addition, most of the study areas have not been shown to create a real-life problem in real networks. Thus, it is clear that in the priority discussions it is not possible to consider the real-life issues agenda item in isolation and some of the mentioned study areas may very well be addressed elsewhere.
Observation

· Proposed study areas for real-life issues often map to one of the other topics in the DL MIMO study item

Proposal

· Prioritization of study areas presented under real-life issues need to consider the other main topics as well 

Clearly, some sort of prioritization in the DL MIMO study item needs to be done to have a chance of completing, and maintaining an acceptable quality, of the work. Most of the study areas are rather small and can as already indicated be handled as a natural part of the CSI feedback enhancement topic, this includes feedback granularity and rank adaptation. 

Proposal

· Include feedback granularity and rank adaptation as part of CSI feedback enhancement

Vertical beamforming has been proposed as a study area both as a real-life issue [8] and as a feedback enhancement [9] . Although potentially an interesting area to study, this seems also to be the most demanding area from a RAN1 work load perspective. An accurate 3-dimensionsal channel model is crucial to assess the performance and attempts at devising a model in the literature seems to so far be rather immature, ignoring issues such a vertical UE placement and building architecture. It would be a major under taking attempting to devise a new 3-dimensiosal channel model within Rel-11 time-frame, not to mention needed discussions on what kind of functionality to consider. The study area of 3-dimensional beamforming is therefore more suited to be handled in a later release when the workload from CoMP and MIMO is overall more manageable. Note also that the study item description gives no indications that vertical beamforming is to be considered so it could be questioned whether it is part of the present study item.
Observation

· Vertical beamforming and antenna tilting would require considerable work on introducing new and accurate 3-dimensional channel models
· Not manageable in Rel-11 which already puts very high work load demands in the area of DL MIMO and CoMP
Proposal
· Vertical beamforming and antenna tilting is not handled in Rel-11

· Completely in-line with the study item description which gives no indications of the treatment of this vast topic 

4. Summary and Conclusions
This contribution considered prioritization of study areas identified under the real-life issues topic. We propose as follows concerning prioritized topics:
· Prioritization of study areas presented under real-life issues need to consider the other main topics as well

· Include feedback granularity and rank adaptation as part of CSI feedback enhancement
· The topic of antenna port association to physically separate locations as part of geographically separated antenna deployments should be prioritized

· Consider schemes for controlling the UE rank reporting

· Consider whether mobility measurements need to be enhanced to cope with geographically separated antennas and future flexible deployments

· Introduce RAN4 performance requirements to ensure flexibility with respect to association of antenna ports to geographical locations

· Including ensuring that UE specific RS truly makes the transmission transparent to the UE also in practice.
· UE interference measurements need to be prioritized

· Present use of CRS REs for interference estimation is becoming even more erroneous as new functionality such as CoMP and data in MBSFN subframes is introduced
· Fits nicely as a CSI feedback enhancement
To maintain a reasonable study item scope, we further observe and propose

· Vertical beamforming and antenna tilting would require considerable work on introducing new and accurate 3-dimensional channel models

· Not manageable in Rel-11 which already puts very high work load demands in the area of DL MIMO and CoMP
· Vertical beamforming and antenna tilting is not handled in Rel-11

· Completely in-line with the study item description which gives no indications of the treatment of this vast topic 
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