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Introduction
At the 3GPP RAN#85 meeting, regarding the DMRS-based open-loop (OL) transmission it has been agreed to specify support for DMRS based semi-open loop transmission:
· DMRS-based semi-open-loop
· Specify enhancement to support DMRS-based semi-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 
· CSI reporting scheme with partial PMI feedback, and/or 
· Transmission method with transmit diversity and/or precoder cycling, with possible enhancements to precoder bundling 
· Associated enhancements to DMRS if required
· Further system level simulations (e.g. considering wideband scheduling and BLER targets at high speed) will be conducted in order to identify the exact scheme to be specified.
In this contribution, we discuss and evaluate potential designs of semi-OL transmission schemes.
[bookmark: _Ref426729914]Discussion
Open-loop Operation and Layer Shifting
As was proposed in [1], the (semi-)OL schemes considered for eFD-MIMO item are defined as those that are able to report CQI and RI but, at the same time, are not able to report some of the components of the Rel-13 PMI feedback. A typical operation scenario providing gains for such schemes is claimed to be a deployment with high-mobility UEs. At high speeds, the PMI becomes inaccurate since the receiver is unable to track the quick channel-state variations. A potential way of combating this issue is, thus, thought to be instead sweeping beams over many pointing directions over the subbands/RBs. 
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Figure 1 Large-delay CDD scheme

One of the widely-advocated techniques is the large-delay cyclic delay diversity (LD-CDD). The corresponding rank- precoding operation (e.g., in TM3) is summarized by the following equation (and illustrated in Figure 1)

Here  is a  DFT precoder,  is the  per-subcarrier CDD operation matrix, and  is a  per-RB random beamformer selected from the utilized -port codebook. The resulting precoder rotates per subcarrier, making the TBs see similar channel conditions, increasing the spatial diversity. The DMRS will then be beamformed without rotation, i.e.,
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Figure 2 Layer-shifting scheme

Preliminary evaluations [2] of various semi-OL transmission schemes did not reveal significant gains even in extreme mobility scenarios (up to 120 kmph). The lack of gains may be explained by insufficient diversity gains from the OL precoder rotation. For example, resulting transmissions might be toward spatial nulls (which to some degree is a natural cost of spatial diversity). An alternative way to achieve diversity is based on the layer-shifting technique (see Figure 2) which is summarized as follows

Here  is the layer-permutation operation. Hence, the mapping between streams and spatial channels is cycled across different subcarriers. Again, the transmitted TBs are affected by similar channel conditions, which may offer additional diversity gain. Both the DMRS and the data symbols in PDSCH in this case go through the same precoder, and therefore there is no additional DMRS-related overhead or requirement for DMRS enhancements.
It is noteworthy that in the case of rank-1 transmission, there is substantial performance gain from the interference-suppression capabilities of advanced receivers compared to diversity gain of precoder cycling.  For ranks greater than 1, layer shifting is a less complex enhancement (than, e.g., LD-CDD) which furthermore does not require any additional DMRS overhead.
Observations:
· Layer shifting is a minimally complex mechanism to provide spatial diversity
· Per-RE precoding granularity is not needed; symbols are simply permuted between layers
· Rel-13 DMRS designs can be used; DMRS are precoded the same way as the PDSCH layers
Proposal:
· Specify layer shifting for semi-open loop operation with rank ≥ 2
Semi-Open Loop Performance Variability
The benefit of transmit diversity is well known to vary with a number of parameters.  The gains of TxD are greatest when channel state information is inaccurate or stale, so that precoding and link adaption can’t function well.  Conversely, the higher rank transmission produced by TxD can degrade the performance of interference suppression receivers, and so the gain of TxD can be reduced when there is significant interference present.  Furthermore, the benefit of diversity depends on the fading characteristics of the channel: there is less need for diversity in line of sight channels, while there is greater gain when angle spread is high.
Observation:
· TxD is not beneficial under all conditions
· Its benefit can vary according to channel conditions, CSI accuracy, interference presence, etc.
Proposal:
· Specify mechanisms to quickly revert to TM9/10 closed loop MIMO from semi-open loop transmission
Conclusions
This contribution has considered potential designs of semi-OL transmission schemes, leading to the following observations and proposals:
Observations:
· Layer shifting is a minimally complex mechanism to provide spatial diversity
· Per-RE precoding granularity is not needed; symbols are simply permuted between layers
· Rel-13 DMRS designs can be used; DMRS are precoded the same way as the PDSCH layers
· TxD is not beneficial under all conditions
· Its benefit can vary according to channel conditions, CSI accuracy, interference presence, etc.
Proposals:
· Specify layer shifting for semi-open loop operation with rank ≥ 2
· Specify mechanisms to quickly revert to TM9/10 closed loop MIMO from semi-open loop transmission
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