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1
Introduction
In Rel-11, studies on DL MIMO enhancements led to diverging evaluation results.  In this paper we discuss possible factors that contributed to this outcome and propose modifications to the evaluation assumptions to better target scenarios in which DL MIMO enhancements are of highest relevance.  Further, we present our views on the different enhancement techniques that have been outlined in the study item description [1]. 

2
Evaluation assumptions for DL MIMO enhancements

Despite comprehensive studies on DL MIMO enhancements in Rel-11, diverging evaluation results were observed.  The diverse results may partly be due to not fully aligned simulation parameters across companies.  However, to some extent they also reflect the fact that DL MIMO enhancements are more pronounced in some scenarios than in others (e.g., depending on antenna configuration or other system parameters). 
To avoid a similar outcome for the current study item, the evaluation parameters of [2] should be revisited.  In particular, it seems important to identify scenarios in which DL MIMO enhancements are likely to show the most performance gain.  While these scenarios need to be of practical interest, it is also important to realize that DL MIMO enhancements may not show significant gains across all deployment scenarios or for all antenna configurations. 

In our view it is important to focus on scenarios that show significant gain rather than to compromise performance by aiming for universally applicable enhancements.  The ratio of outdoor to indoor UEs in Scn-A serves as a case in point.  During Rel-11 studies it was intensely debated whether to focus on scenarios with a typically large fraction of indoor UEs or whether to focus on outdoor UEs instead.  Both options were studied (with 80% of indoor UEs assumed as the ‘mandatory’ option) and the all-outdoor case was identified as the scenario with noticeably larger performance gain.  In fact, the relative performance gains for the latter case were almost twice as large as can be observed from the summary of evaluation results referenced in Table 1 in the appendix. 
While a large fraction of indoor UEs may indeed be the more typical overall, we think that all-outdoor scenarios are also of practical relevance.  Therefore, it seems preferable in our view to focus on the latter case as a scenario in which DL MIMO enhancements are more practically relevant. 
Observation 1: 

· Identify a select number of practical scenarios in which DL MIMO enhancements are most beneficial. 
· Focus on achieving significant gains in these select scenarios rather than compromising performance for sake of universal applicability. 
With the above objective in mind, we propose to revisit the DL MIMO evaluation assumptions to identify target scenarios.  The fraction of indoor/outdoor UEs has already been mentioned as one factor and we believe that it is appropriate to focus on all-outdoor UEs as a target scenario.  Another important aspect which should be revisited relates to the preferred antenna configuration.  It is well-known that X-pol and ULA antenna configurations exhibit very different tradeoffs in terms of SU- vs. MU-MIMO performance.  In Rel-11 only X-pol antennas were studied for homogeneous setups while both X-pol and ULA antennas were studied for the small-cell setups.  In Rel-12, this prioritization should be revisited and revised as necessary based on operator input.  The Rel-12 focus on small-cell enhancements should be taken into account as part of this tradeoff.  
Observation 2: 
· In homogeneous setups, focus on all-outdoor UEs as larger performance gains can be expected for such setups. 
· Revisit prioritization of antenna configurations in light of Rel-12 focus on small cell enhancements. 
3
Techniques for DL MIMO enhancement

The study item description [1] provided a list of potential enhancements for consideration: 

· 4Tx codebook enhancements to provide finer PMI granularity

· CSI feedback mode providing both subband CQI and subband PMI

· Finer frequency-domain granularity

· Enhanced control over PMI/CQI reporting hypotheses to improve MU-MIMO performance
In this section, we provide our views on the potential gains achievable with the above enhancements.  Specifically, we propose to focus on the last item on enhancing the reporting of PMI/CQI hypotheses targeting MU-MIMO performance enhancements, which has often been referred to as “MU-CQI.” 
Our preference is motivated by a good tradeoff between potential performance gain and standardization complexity.  In Rel-10, approximately 8-15% performance gains were observed [3] with a reporting mode similar to PUSCH 3-1 that supported additional feedback of MU-CQI.  It is expected that in small-cell scenarios, such as Scn-C2, the performance gain could be even more pronounced.  
Codebook enhancements could be another approach toward enhancing MIMO performance.  However, the standardization impact of supporting an additional 4Tx codebook is significant and should be taken into account as part of the analysis.  Furthermore, it is important to take into account that other Rel-12 MIMO enhancements (e.g., 3D beamforming) could also give rise to codebook enhancements.  In light of this it seems important to take such potential interdependencies into account. 
Proposal: 

· Focus on enhancing PMI/CQI reporting for improved support of MU-MIMO.
· Studies on potential codebook enhancements (e.g., dual codebook for 4Tx) should be coordinated with related study items, such as on 3D MIMO. 

4
Conclusions
In this contribution we have presented the following observations and conclusions: 
Evaluation assumptions for DL MIMO enhancements
· Identify a select number of practical scenarios in which DL MIMO enhancements are most beneficial. 
· Focus on achieving significant gains in these select scenarios rather than compromising performance for sake of universal applicability. 
· In homogeneous setups, focus on all-outdoor UEs as larger performance gains can be expected for such setups. 
· Revisit prioritization of antenna configurations in light of Rel-12 focus on small cell enhancements. 
Techniques for DL MIMO enhancement
· Focus on enhancing PMI/CQI reporting for improved support of MU-MIMO

· Studies on potential codebook enhancements (e.g., dual codebook for 4Tx) should be coordinated with related study items, such as on 3D MIMO. 
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A
Appendix
Table 1 shows the averaged relative performance gains observed during the Rel-11 study item for the case with and without indoor modeling.  The table was generated based on the results spreadsheet compiled as part of a RAN1#67 email discussion which captured the relative performance gains for different scenarios. 

Table 1: Relative performance gain with different fraction of outdoor UEs (results taken from [4]).

	Scenario
	Relative performance gain

	
	5%ile
	Median
	Mean

	20% of UEs outdoor
	4.7%
	8.1%
	8.4%

	100% of UEs outdoor
	12.2%
	16.3%
	12.0%
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