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Introduction
At the RAN1 #85 meeting, the following items have been agreed for DMRS-based semi-open-loop [1]:
· 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 the alternative CSI reporting schemes and DMRS enhancements for DMRS-based semi-open-loop transmission.
CSI feedback for DMRS-based semi-open-loop
For DMRS-based open-loop (OL) transmission, UE does not report any information about precoding adoption, and eNB utilize pure cycling pattern or pre-defined pattern for precoding. For DMRS-based semi-OL transmission, partial information for precoding is fed back by UE. Then at eNB side, the precoder subset is configured according to the partial CSI reporting, which reflects the time/frequency varying characterization of the channel. Therefore, from the perspective of CSI reporting, the following schemes can be summarized.
Scheme 1: Non-precoded CSI-RS based open-loop scheme: In this scheme, non-precoded CSI-RSs are transmitted, and the eNB and the UE assume a fixed cycling pattern of the entire precoders (e.g., including W1 and W2). The UE just need to report the RI and CQI information.
[bookmark: OLE_LINK2]Scheme 2: Non-precoded CSI-RS based semi-open-loop scheme: In this scheme, non-precoded CSI-RSs are transmitted, the eNB and the UE assume a fixed cycling pattern of W2; based on such cycling pattern, the UE selects and reports the RI, the PMI corresponding to the best W1, and the CQI.
Scheme 3: Beamformed CSI-RS based semi-open-loop scheme: In this scheme, K>1 beamformed CSI-RS resources are transmitted, the eNB and the UE assume a fixed cycling pattern of precoders applied to each CSI-RS resource; based on such cycling pattern, the UE selects and reports the CRI, the RI and the CQI. Possibly, a wideband PMI is reported based on the selected CRI.
Note that in the above summary, it is assumed that a fixed cycling pattern is defined for the cycled precoders. In addition, a codebook which contains the precoder shall also be specified. In [2], it was proposed that several cycling patterns are specified so that the UE can try several patterns and reports the best cycling pattern. In this case, for all the above schemes, an additional feedback information element, i.e., the selected cycling pattern, is to be reported.
Performance evaluation demonstrates that cycling the entire precoder, e.g., via W1 cycling or CRI cycling will introduce performance loss. Full open-loop scheme is not attractive for FD-MIMO. For semi-open loop scheme, part of the precoding information shall be feedback. Considering the two eMIMO types in FD-MIMO, i.e., Class A for non-precoded CSI-RS and Class B which contains the case of K>1 beamformed CSI-RS, the enhancements of semi-open loop MIMO scheme shall be design based on both eMIMO types. Therefore, the following are proposed.
Proposal 1: Support Class A CSI report based semi-open loop scheme which requires the feedback of the first PMI in wideband.
Proposal 2: Support Class B CSI report based semi-open loop scheme which requires the feedback of the CRI.
For Class A, it shall be further studied the codebook for PMI1 reporting and the codebook for precoder cycling. Since Rel. 10, a double codebook structure was introduced, which contains W1 that captures the wideband long-term channel properties and W2 that captures wideband/subband short-term channel properties. More specifically, W1 identifies a group of beams which characterize the statistical channel state information, and W2 performs beam selection and co-phase between two polarizations. For Class A codebook design, one possibility is to use W1 codebook for the first PMI selection and use entire W2 or a subset of W2 codebook for cycling.
For Class B, it shall be studied whether only CRI feedback is supported or an additional wideband PMI shall also be fed back. Similar to the Class A case, if double codebook is assumed per CSI-RS resource, first PMI feedback based on W1 codebook can be considered. The entire W2 or a subset of W2 codebook can be used for precoder cycling.
Proposal 3: For Class A, FFS the codebook for the first PMI feedback and the codebook for precoder cycling.
Proposal 4: For Class B, FFS whether a first PMI feedback is required, in addition to CRI feedback.
Concerning the codebook design for the precoder cycling, there may be different options, e.g., using the entire W2 codebook or selecting a subset of the W2 codebook. It can be considered to reuse codebook sub-sampling or code book subset restriction mechanism to select the cycling codebook. As proposed in [2], it is also possible to specify several cycling patterns and let UE select a preferred pattern. RAN1 shall carefully evaluate the codebooks for precoder cycling and cycling pattern.
Proposal 5: RAN1 shall evaluate and compare different precoder codebooks and cycling patterns.
Defining a fixed codebook or cycling pattern may limit the application cases for semi-open loop scheme. Having multiple patterns may increase the UE complexity and feedback overhead. As an alternative solution, the precoder cycling information could be considered to be embedded in multiple beamformed CSI-RS resources, and UE could directly detect corresponding CSI-RS resources for deriving feedback without any knowledge of specific codebook contents. 
In Figure 1, one example of CSI-RS cycling is provided based on CRI feedback. eNB flexibly embed the cycling precoding within multiple CSI-RS resources, in which four wideband codebooks and two sub-band codebooks are adopted for cycling. At the UE side, the most satisfying wideband CRI and RI for feedback are calculated based on the cycling-precoded CSI-RS resource, instead of pre-defined cycling codebook. For example, the best  is detected, and CRI = 4 is feedback to eNB.



Figure 1  CSI-RS cycling based on CRI precoding / feedback

In Figure 2, non-precoded example based on PMI1 feedback is illustrated. Compared to Figure 1, the difference lies in that partial of the codebook, etc, is pre-defined at both eNB and UE side. Same as Figure 1, other partial of codebook, etc, also adopts embedded cycling within the configured CSI-RS resources.



Figure 2  CSI-RS cycling based on PMI1 precoding / feedback

The main advantage of this scheme is that, precoding matrix cycling could be flexibly implemented at eNB side. Thus, cycling pattern or codebook configurations for UE are not required, and corresponding design work for different scenarios could be significantly decreased. It shall be further investigated on the impact of beamformed CSI-RS on channel estimation for CQI calculation. Similar 
[bookmark: _GoBack]Proposal 6: For DMRS-based semi-open-loop transmission, the precoder cycling pattern could be applied on beamformed CSI-RS.
DMRS enhancements for semi-open-loop
For DMRS-based semi-open-loop MIMO schemes, it shall be clarified on the precoders applied to the DMRS and PDSCH. There are two alternative implementations, i.e., transparent and non-transparent schemes.
In the transparent scheme, the DMRS and the PDSCH are transmitted with the same precoders. The DMRS precoding granularity will impact the granularity of the PDSCH precoding cycling.
In the non-transparent scheme, the PDSCH is precoded, and the DMRS is not fully precoded. Note that DMRS can be partially precoded according to the PMI or CRI feedback. A precoder codebook and a precoder cycling pattern shall be known by the eNB and the UE.
For DMRS-based semi-open-loop, RE/REG/RB/RBG-level cycling granularity are all possbile to be applied for data transmission to achieve the best tradeoff between channel estimation accuracy and frequency diversity. If the DMRS granularity is always fixed, then non-transparent scheme is always necessary. Another possibility is to specify a general mapping scheme between DMRS and PDSCH so that the precoding granularity of DMRS is transparent to the UE, but can still support multiple different granularities. This may further simlify the design of the DMRS based semi-open-loop scheme.
Proposal 7: Mapping relationship between DMRS cyclic precoder and PDSCH cyclic precoder should be further clarified for DMRS-based semi-open-loop.
Summary
In this contribution we discuss CSI feedback enhancements for DMRS-based semi-open-loop. The proposals are: 
Proposal 1: Support Class A CSI report based semi-open loop scheme which requires the feedback of the first PMI in wideband.
Proposal 2: Support Class B CSI report based semi-open loop scheme which requires the feedback of the CRI.
Proposal 3: For Class A, FFS the codebook for the first PMI feedback and the codebook for precoder cycling.
Proposal 4: For Class B, FFS whether a first PMI feedback is required, in addition to CRI feedback.
Proposal 5: RAN1 shall evaluate and compare different precoder codebooks and cycling patterns.
Proposal 6: For DMRS-based semi-open-loop transmission, the precoder cycling pattern could be applied on beamformed CSI-RS.
Proposal 7: Mapping relationship between DMRS cyclic precoder and PDSCH cyclic precoder should be further clarified for DMRS-based semi-open-loop.
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