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1. Introduction
In RAN#71, the WID [1] about enhancements on Full-Dimension (FD) MIMO for LTE has been approved. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. The detailed objectives are as follows. 

· Specify enhancements on reference signal in the following areas [RAN1] 

· Extend specification support for CSI reporting in the following areas [RAN1]
· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme

In this contribution,  we start with the overview of the legacy open loop MIMO transmission schemes supported in LTE.  Then we discuss about the areas of studies to enhance DMRS-based open-loop and semi-open-loop transmission and related potential specification impact.
2. Legacy Open-Loop transmission and scenarios
In some scenarios,  it is hard for the network to acquire CSI from the UE e.g. when the UE is moving fast.  In such cases, the coherent window is short as the channel is fast varying.  The CSI feedback considering the measurement and feedback delays cannot reflect the channel state accurately.  Without accurate CSI, the network can use more appropriate  open loop schemes such as CDD, SFBC, open loop MIMO.   
In Rel-8, TM3 is used to support open loop scheme.  In TM3, UE feeds back CQI based on transmit diversity when RI is 1 and feeds back CQI based on large delay CDD when RI>1.  Therefore, the network can choose between transmit diversity or large delay CDD open loop schemes based on CSI feedback.  No PMI is fed back.  The a set of per-subcarrier precoders used by large CDD open loop scheme are defined in the specification.  TM3 is CRS based and hence only up to 4 ports can be supported.  To support higher number of transmit antennas, DMRS based transmission can be used in TM8-10.    Open transmission can be done transparently to the UE but the precoding granularity is limited to per-RB when pmi-RI-Report is not configured.  When pmi-RI-Report is configured and PMI is fed back, the UE assumes the same precoding in the PRG  (Physical Resource Block Group) which depends on the system bandwidth as shown in Table 1.
Table 1 PRG size(Pt) in different system bandwidth
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	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	2


Before specifying any enhancements to open loop MIMO transmission, we have to setup a baseline for comparison.  The legacy scheme with the best performance should be chosen as the baseline for evaluation.  

To evaluate open-loop MIMO schemes, scenarios and related modeling should be agreed before evaluation.  e.g. setup a new scenario e.g. scenario with high speed train.  In the current FD-MIMO scenarios, UE speed is 3km/h.   Simply extending the UE speed to higher speed just means changing the Doppler.   The modeling of UE mobility should be discussed.  e.g. changing of angles DOA, AOA, ZOA, ZOD in the 3D MIMO channel model.  Depending on the open loop scheme, it may be challenging to perform system level evaluation e.g. for fine precoding granularity.     Based on the discussion, we have the following observation:

Observation 1: Scenarios, baseline, mobility model, evaluation methodology and assumptions for open-loop/semi-open-loop FD-MIMO should be discussed before any evaluation.  
3. Enhancement on DMRS-based Open-Loop/Semi-open loop transmission
In the following sub-sections,  we discuss about the potential enhancements in the aspects of precoding granularity, PMI feedback for semi-open-loop scheme and CQI feedback. 
3.1 Precoding granularity and precoders set selection
For DMRS-based open-loop transmission, the network cannot obtain acquire CSI.  Therefore, the network may perform precoding with different precoders in different allocated resources.  Since there is some randomness on choosing the precoders, some resources may have mismatch between the precoder and the actual channel.  The precoding granularity would affect the mismatch and hence the performance of open-loop scheme.  It may lead to poor performance of demodulation for the entire PRG.  If the PRG contains more PRBs, it may have higher risk of leading to the CRC failure of the corresponding transport block when the channel coding cannot recover the performance loss in a particular PRG.  
To reduce the risk, finer precoding granularity can be used.  Since the mismatch can be spreaded across more different resources, it is relatively easier to recover by channel coding or HARQ.   Like large delay CDD scheme introduced in Rel-8, the granularity can be defined in sub-carrier or RE level.  e.g. Multiple REs are formed into a RE Group (REG).  Each REG would have different precoder.  The two alternatives of precoding granularity we can consider are:
Alt1: Each PRB is a REG
Alt2: Each PRB is divided into NREG REGs where NREG >1 e.g. NREG =2,3,4

Alt1 is a special case of Alt2 where NREG =1.  This is the simple scheme which needs no or minimal standardization in the aspect of DMRS-based demodulation.  It may only need standardization effort on re-defining PRG size even for PMI feedback case when we consider semi-open-loop transmission.  

Alt2 provides the option of finer granularity but it may lead to high standardization effort to enhance  DMRS in a PRB so that it can be used for multiple REGs with different precoders.  For example, DMRS in a PRB can be divided into K group or non-precoded/partially precoded DMRS is used.  

Observation 2:  Evaluation should be done to study the precoding granularity.

A set of precoders should be used corresponding to multiple REGs.  In TM3, a subset of precoders is chosen in a codebook.  It is relatively easier to choose the set of precoders for the legacy codebooks for 1D antenna array.  For Rel-13 parameterized codebooks for 2D antenna arrays, careful study is needed to select particular set of precoders considering different parameters (eg. N1,N2,O1,O2,config).  The selection can be configurable or fixed in the spec.  

Observation 3: Evaluation should be done to study precoders set selection 

3.2  PMI feedback for semi-open-loop transmission
In TM3 or DMRS based TMs without PMI,  the conventional open loop scheme is supported without PMI feedback.  However, it may not realistic to have full randomness of precoding selection especially for FD-MIMO when there are many beams.  In some scenarios, PMI feedback is still beneficial if part of the channel is not fast varying.  Then the UE can only feed back PMI corresponding the part which is not fast varying.  e.g. W11 of W1 3D beam  is fed back for relatively slow varying channel part.  With the partial PMI feedback, the network can scan the reduced set of precoders which has more practical size.
For 2D antenna array for 3D MIMO, it is likely one of the dimensions is less time-varying e.g. in vertical dimension.  Figure 1 shows eNB to UE link with the down-tilt angle α.  Figure 2 shows how down-tilt angle α  changes with the distance of UE from the eNB.     
The angle 
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 where s is the horizontal distance from UE to eNB and h is the vertical distance.   When the UE moves d meters,  the angle change is  
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If  s=50m and the UE moves d=10m,  the angle change will be 
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=1.8°.  Considering speed of 100m/s（360km/h）, it takes 100ms for the UE to move 10m.  So if we consider line-of-sight case, the channel may not vary largely within the typical CSI feedback periodicity which is much less than 100ms.  Therefore, feeding back the PMI for the vertical dimension (i.e. i11) can be beneficial to the network to determine the partial precoder information.
If we consider in horizontal part, the azimuth angle change considering d=10m is                        
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If v=100m/s,  
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°in 100ms which has faster change rate than the vertical domain.   If the UE feeds back CSI in the periodicity in 10ms, the angle change is around 1°which means the feedback of PMI for azimuth domain i.e. i12 may be still useful to narrow down into certain range of beams.
Therefore, we can consider to feedback i11 and i12 depending on the scenario and channel characteristics in each dimension.  The UE may not need to feedback fast beam selection and co-phasing in i2 which can be handled by open-loop.   For instance, the UE feeds back i11 and i12 and Codebook config to determine the set of open-loop precoder C1=set of i2 based on i11 and i12 in codebook config.  The set of precoder in config 1 has 4 precoders while the set of precoders in config 2,3,4 has 16 precoders.    In this example, semi-open-loop scheme can be achieve by feeding back  i11 and i12 without feeding back i2.
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Figure 1  Change of downtilt when the UE moves         Figure 2   Downtilt Vs the distance UE moves
Semi-open loop scheme effectively reduce the set of open-loop precoders to a more practical size.  However, when codebook config>1, there are still 16 precoders which may be too many for full iteration.  The looping of 16 precoders still takes certain resources to finish.   We can consider dividing 16 precoders into multiple groups and only use one of the groups for the feedback each time.

In addition,  the problem of insufficient beam group coverage may exist when the beam is narrow with higher number of transmit antennas in FD-MIMO.  To increase the robustness, we may consider to form a wider beam by linear combination of adjacent narrow beams indicated by i11 and i12 .  For example:
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represent respectively the number of antennas , oversampling factor and beam space between two adjacent groups for i-th dimension where i=1,2, n=0,1,2,3, P is the number of antenna ports.
3.3  CQI Enhancements
In the legacy open loop schemes, CQI and RI are fed back without PMI.  In TM3,  CQI is fed back with assumption of a set of per-subcarrier precoders which aligns with the transmission scheme.  For DMRS based TMs, eNB can configure UE without PMI mode to disable precoding bundling on DMRS.   Depending on the TM, the UE would feed back TxD based CQI based on CRS or CSI-RS.  For Rel-13 FD-MIMO, the UE determine the precoder WUE based on CSI-RS and the legacy codebooks up to 8Tx but not feeding back the PMI.  However, the precoder may be different from what eNB uses WBS  especially if the eNB wants to do open loop precoding to use a set of precoders per PRB basis which is unknown to the UE.   To derive CQI more accurately, it is desirable to align UE and eNB's understanding on which set of precoders is used and the precoding granularity.  We list 3 alternatives to align the set of precoders between the two sides:
Alt1:  Fix the set of precoders in the spec

· Similar to TM3,  the set of precoders is fixed in the spec and tied to each REG.   CQI is calculated based on the set of precoders defined in the spec.  
Alt2:  The set of precoders is configured to UE by the eNB 
· CQI is calculated based on the set of precoders configured by the eNB via RRC or DCI signaling.  
Alt3:  The set of precoders is used on beamformed CSI-RS

· CQI is calculated based on beamformed CSI-RS with different precoders transmitted by the eNB.
Alt1 follows TM3 like approach but it is hard to fix the set of precoders given that different sets of precoders may be used in different scenarios/channels.  The Rel-13 parameterized codebook with different configurations also makes it hard to agree on particular set of precoders for each configuration.  
Alt2 and Alt3 are simpler in terms of standardization effort.   For both alternatives, it is up to eNB's implementation which set of precoders are used.  Alt2 costs some signaling while Alt3 is transparent to the UE without signaling.  However, it is harder to use beamformed CSI-RS if the precoding granularity is finer than per-PRB.   

Similarly, the set of open-loop precoders can be determined based on the 3 above alternatives for deriving CQI for semi-open-loop scheme.  In addition, some relationship may be derived from the fed back PMI representing the partial channel.  CQI would then be derived based on PMI and the set of open-loop precoders.
We identify these three areas of study for the potential enhancements of open-loop/semi-open-loop schemes. 

Observation 4: The potential enhancements of open-loop/semi-open-loop schemes are precoding granularity and precoder set selection, PMI feedback for semi-open-loop scheme and CQI enhancements. 
Conclusion
In this contribution,  we discuss the legacy approaches of supporting open-loop schemes and potential enhancements of open-loop/semi-open-loop schemes.   We have the following 4 observations:
Observation 1: Scenarios, baseline, mobility model, evaluation methodology and assumptions for open-loop/semi-open-loop FD-MIMO should be discussed before any evaluation.
Observation 2:  Evaluation should be done to study the precoding granularity.
Observation 3: Evaluation should be done to study precoders set selection 

Observation 4: The potential enhancements of open-loop/semi-open-loop schemes are precoding granularity, PMI feedback for semi-open-loop scheme and CQI enhancements. 
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