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Introduction
DMRS-based open-loop transmission (with and without PMI) is to be considered within the eFD-MIMO work item [1].  This contribution briefly considers different use cases for DMRS-based open-loop schemes, attempting to clarify what scenarios have potential for the schemes, and so may be targeted in evaluations.
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Before considering the use cases, what is meant by ‘open-loop’ should be clear.  The eFD-MIMO WID allows for ‘open-loop’ schemes both without and with PMI feedback, although the latter scheme is generally referred to as ‘semi-open loop’.  In either variant, our understanding is that the schemes still can report CQI and RI, but may not report part, or all, of the components of PMI.  Whether (semi-)open loop schemes can be supported when CRI is configured should be further discussed, since CRI and PMI perform similar functions.  
Proposal:
· Open loop schemes considered in eFD-MIMO are those that can report CQI and RI, but may report only part of Rel-13 PMI feedback.
· It is FFS if such schemes can be configured with CRI.
Given the definition above, the potential use cases can be broken down into reduced overhead, more robust operation, and operation in the absence of CSI feedback.  These are considered in the following.
Reduced overhead
Since open loop transmission saves the overhead needed for PMI, but still reports CQI and RI, it is not clear that the savings in overhead can be significant.  Presumably such schemes measure 2 or 4 beamformed CSI-RS ports, and so PMI feedback savings are 2 or 4 bits.  This amount of PMI feedback is easily multiplexed with wideband CQI on PUCCH, and if subband CQI reporting is used, PMI feedback is very small compared to the resources needed for CQI and RI on PUCCH.  PMI overhead will be even less significant in aperiodic reporting, since PUSCH reporting is more efficient.
Saving 2 or 4 bits PMI feedback comes at the cost of reduced performance.  Open loop transmission always has worse performance than closed loop rank 1 when the PMI feedback is accurate.  
Observation:
· Open loop operation is not expected to save a significant fraction of UL overhead
· Such savings can also come at a cost of PDSCH performance
More robust operation
While closed loop generally outperforms open loop operation, this is not true when PMI is inaccurate.  Inaccurate PMI can occur at high UE velocities.  However, a small portion of UEs travel at high speed in most cells.  Also cells serving many high speed UEs are likely to have more line of sight, reducing Doppler and Doppler spread.  If such cells have UE speeds that are so large that PMI is stale and therefore beamforming tracking is infeasible, then CRS based transmission, which already supports open loop transmission seems to be a better choice for the cell.
Transparent ‘open loop’ schemes are also possible for DMRS transmission.  Random precoding or delay diversity can be used with wideband PMI feedback.  Unless the PDSCH code rate is high, STBC space-time coding should have little or no gain over transparent schemes.  Furthermore, STBC schemes require a reference signal per layer, and this overhead degrades the gain of the schemes.  Finally, pure open loop schemes can reduce multi-user scheduling gains from exploiting ‘up fades’, which can also degrade capacity.
Since open loop transmission is “omni-directional”, the spatial peak to average (‘flashlight effect’) interference it produces can be lower than a closed loop scheme.  However, in large arrays, pure open loop transmission using non-coherent transmission on the antenna ports will perform poorly compared to beamforming.  Since there are only a few transmit diversity ports compared to the number of beamforming elements in an FD-MIMO array, flashlight effects in an FD-MIMO array will be dominated by beamforming, and it seems unlikely that flashlight effects could be mitigated with open loop diversity.
Open loop transmission may also reduce the effectiveness of IRC receivers by making it more challenging to estimate, and therefore suppress the interference.  
Observations:
· It is unclear how open loop can provide more robust operation
· High speed operation is infrequent, and can be supported with CRS based TMs.
· Some open loop transmission may reduce the effectiveness of UE advanced receivers.
· Standards transparent open loop operation is likely to perform similarly to non-transparent schemes.
· Open loop operation does not seem motivated by flashlight effects in FD-MIMO arrays.
Operation in the absence of CSI feedback
CSI feedback is not possible in some scenarios, such as broadcast or multicast operation.  However, in such scenarios it is not clear why CSI-RS ports are used at all, since there is no CSI feedback.  Since CRS based TMs already support open loop operation, then it is unclear what mode of LTE operation will use a DMRS based TM for broadcast or multicast.
Observation:
· Operation (such as broadcast) that lacks CSI feedback does not use CSI-RS, and so eFD-MIMO open loop schemes do not apply.
· CRS based TMs are used for broadcast, and support open loop already.
Conclusion
This contribution has briefly considered different use cases for DMRS-based open-loop schemes, attempting to clarify what scenarios have potential for the schemes, and so may be targeted in evaluations.  Since the eFD-MIMO WID is somewhat ambiguous, a definition of ‘open loop’ was provided for clarity.  The following observations were made, leading to the proposals:

Observations:
· Open loop operation is not expected to save a significant fraction of UL overhead
· Such savings can also come at a cost of PDSCH performance
· It is unclear how open loop can provide more robust operation
· High speed operation is infrequent, and can be supported with CRS based TMs.
· Some open loop transmission may reduce the effectiveness of UE advanced receivers.
· Standards transparent open loop operation is likely to perform similarly to non-transparent schemes.
· Open loop operation does not seem motivated by flashlight effects in FD-MIMO arrays.
· Operation (such as broadcast) that lacks CSI feedback does not use CSI-RS, and so eFD-MIMO open loop schemes do not apply.
· CRS based TMs are used for broadcast, and support open loop already.

Proposal:
· Open loop schemes considered in eFD-MIMO are those that can report CQI and RI, but may report only part of Rel-13 PMI feedback.
· It is FFS if such schemes can be configured with CRI.
· Closed loop,  CRS based open loop, and standards transparent open loop diversity schemes are baselines for evaluations
· The best performing scheme suitable to the given scenario is used as the baseline.
References
[bookmark: _Ref434436648][bookmark: _Ref447122850][bookmark: _Ref427337240][bookmark: _Ref434433888][bookmark: _Ref426801815][bookmark: _Ref447105345]RP-160623, “New WID Proposal: Enhancements on Full-Dimension (FD) MIMO for LTE”, Samsung, Nokia, CATT, 3GPP TSG RAN Meeting #71, Göteborg, Sweden, March 7 - 10, 2016




