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Introduction
In RAN1#86, the high level structure for semi-open loop transmission was agreed:
Agreement:
· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop
· [bookmark: _GoBack]For dual-stage codebook, 
· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks}
· FFS: reporting i11 and/or i12 for Class A codebooks
· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1
· FFS: reporting i1 and subsampled i2
· FFS: Hybrid CSI with semi-open-loop 
· FFS: Reporting multiple CRIs for CLASS B K>1
· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported
· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported
· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission
· Down selection from the following transmission schemes in RAN1#86bis, including possible combination
· Precoder cycling
· Tx diversity 
· LD-CDD
· Layer Permutation
While the needed CSI feedback parameters and the set of potential schemes are relatively clear, there are a number of miscellaneous open issues, including those identified in the FFS points above.  This contribution considers these open issues, proposing how they can be resolved.
[bookmark: _Ref426729914]Discussion
The open issues include:
1. Hybrid CSI operation with semi-open-loop
Hybrid and semi-open loop CSI reporting seems to be a natural combination, since PMI is reported infrequently in both modes.  However, having additional CSI reporting payloads specifically to support the combination of hybrid and semi-open loop operation on top of those needed for either hybrid or semi-open loop does not seem warranted.  Consequently, Hybrid CSI reporting with semi-open loop should be supported only with CSI reporting payloads available in either hybrid or semi-open loop operation.

2. PRG size for DMRS
Since RE level transmission is supported on PDSCH, some semi-open loop schemes may cause different REs in a PRB to experience different effective channels.   In particular, rank 1 transmit diversity schemes require two or more DMRS ports.  This increased number of DMRS ports results in a loss of DMRS SINR as compared to rank 1 closed loop transmission.  Therefore, it may be of interest to increase PRG bundling size for DMRS to compensate for the lost SINR.

Increased PRG size may at first seem like it has no cost, since per-subband PMI feedback may have little benefit.  However, increasing PRG sizes restricts the ability of eNB to select the beams used in semi-OL operation and to cycle those beams transparently to the UE.  Furthermore, UE channel estimators must be more complex, jointly estimating the channel over more PRBs, and supporting more channel estimation configurations.  Significant DMRS SINR gains are not necessarily guaranteed from increased PRG sizes, as this is a function of the amount of delay spread in the channel.  Since Rel-14 semi-open loop scenarios where there are gains are those where high speed is used, designs need to take into account the relatively large delay spread channels that can be found in macrocells.  Consequently, increases of DMRS PRG size should be as small as possible and limited to those justified by sufficient channel estimation gain.
3. Reporting multiple CRIs for class B K>1
Reporting multiple CRIs could help tune which beams are used in semi-open loop transmission.  However, DRS measurements are already available, and these also identify the average power of beams.  Furthermore, the performance benefit of better beam selection is not yet clear from RAN1 evaluations.  Consequently, further study is needed on this mechanism.

4. Reporting i11 and/or i12 for class A codebooks
Reporting either of i11 or i12 using the Rel-13 codebook will save at most 5 bits CSI feedback per PMI report when  and .  Especially since i1 is used for long term CSI in semi-open loop operation, it can be reported infrequently, the benefit of this savings is rather limited. Also, since semi-open loop can be used with Class B, 1D feedback with a reduced number of PMI bits is already possible.

5. Reporting i1 and subsampled i2
Subsampling i2 saves at most two bits (when QPSK cophasing or 2 bit beam selection is used).  Since i2 would presumably also be wideband and long term when used with semi-open loop operation, then this overhead saving does not seem needed.  If the intention is to use i2 for beam selection only, then the Rel-13 i2 can still be used for this purpose.  

Observations:
· Hybrid CSI seems quite compatible with semi-open loop, and so the combination should not require optimization
· Increased DMRS PRG size:
· May improve DMRS SINR, although the amount of gain is not yet clear from evaluations
· Comes at some cost in decreased beam adaptability and increased UE complexity
· Optimizations for CSI reporting (such as reporting i11 or i12, subsampling i2, or reporting multiple CRIs) do not seem essential in Rel-14
· Overhead reductions are not expected to be significant, and performance gains given existing Rel-13 functionality are not clear.
Proposals:
· Hybrid CSI with semi-open loop transmission is supported only with CSI reporting payloads available in either hybrid or semi-open loop operation.
· If PRG sizes are increased for semi-open loop MIMO, such increases should be limited to those shown to provide gains in macrocellular multipath channels, and that maximize eNB frequency selective precoding flexibility.
Conclusion
This contribution has considered various open issues for semi-open loop transmission.  The following observations are made, leading to the proposals shown.
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