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1 [bookmark: _Ref409106980]Introduction
In 3GPP RAN #71 meeting, enhancements on FD-MIMO for LTE is agreed [1] for Release 14. One of the key objectives is to study DMRS based open or semi open loop enhancement schemes with existing number of CSI-RS ports as well as the newly supported number of CSI-RS ports. Existing LTE diversity schemes like LD-CDD, SFBC are designed to support up to 4 CRS ports that cannot be directly extend for larger number of TXRUs. Hence to support high mobility users and to minimize high periodic feedback of PMIs for multiple CSI-RS ports, it is necessary to study DMRS based schemes which can exploit transmit diversity which is tolerant to channel variations at high speed.
Further in RAN #84bis, it is agreed to:
· Evaluate open-loop and semi-open-loop MIMO schemes until RAN1#85
· Example schemes proposed in RAN1#84bis are provided below
· NOTE: other schemes are not precluded 
· Companies are encouraged to provide performance, CSI feedback and transmission details 

Example: a CSI-process with K = 1 CSI-RS
· Alt-1a:  Transparent DMRS (i.e. DMRS and PDSCH precoded identically)
· PMI feedback points to one of N precoding hypotheses, where each precoding hypothesis corresponds to a set of M>1 precoding matrices on a subband
· PMI overhead log2(N) bits, where N can be 1
· Example: 
· PRB-level or subcarrier(s)-level cycling of M precoders
· Cycling for a subset of codebook by Codebook-subset-restriction
· Cycling for i2, not for i1 (W1 reporting only for dual-stage codebook, e.g. Rel.10 8Tx, Rel.12 4Tx, Rel.13 Class A and its possible Rel.14 enhancements)
· Alt-1b:  Non-transparent DMRS (i.e. DMRS and PDSCH precoded differently)
· Received PDSCH signal as y = HW1W2s + n, where, S is unprecoded PDSCH, W2 refers to OL-precoding from L layer PDSCH to D DMRS ports, W1 refers to CL-precoding from DMRS/PDSCH to CSI-RS ports (or non-precoded channel)
· RI/PMI feedback: quantization of W1,  based on H and knowledge of W2
· CQI feedback: quantization of HW1W2
· Example of W2 precoding (open-loop)
· Rank-1: SFBC (RE-level)
· Rank-2: LD-CDD or layer permutation

Example: a Class B CSI-process with K>1 CSI-RS
· Alt-2a:  
· A single wideband CRI report and/or long-term PMI
· Open-loop/semi-open-loop with K=1 is performed in the CSI-RS resource indicated by CRI
· Alt-2b:
· CRI cycling, no CRI report
· open-loop/semi-open-loop with K=1 is performed in the corresponding CSI-RS resource indicated by CRI

This contribution discusses open loop scheme and semi-open loop scheme with only CRI/I1 precoder reporting by the UE and I2 precoder cycling over the resource blocks. We are proposing new CQI computation mechanism for the semi open loop scheme.
2 Discussions on open/semi-open loop scheme
2.1 Motivations
Depending on the UE mobility, the PMI and CQI fed back at a given subframe will not be valid after few subframes. This mismatch can lead to more packet errors and hence higher number of retransmissions, resulting in reduced average cell throughput due to increase of CQI offset in the outer-loop link adaptation.
 [image: cqiMismatch_subplots2 (1)]
Figure 1: CQI offsets for various UE speed
 [image: precoderError_mod (1)]
Figure 2: MSE of precoders for various UE speed
Hence the base-station needs to reduce the dependency of the stale PMI values with time and use possible PMI values to correct the mismatch between them. The CQI offsets over time increases with increase in UE mobility as shown in Figure 1. In Figure 2, precoder mean square error metric is plotted against time for various UE speeds. To minimize the PMI error metric due to channel variation, we need open/semi open loop schemes for FD-MIMO. 
2.2 Open loop scheme
With the current DMRS based transmission schemes especially in TM9 and TM10, we can implement proprietary resource block level precoder cycling scheme. In TDD, implementing this scheme could be beneficial by applying reciprocity principle. However, it has several issues like less diversity gain compared to subcarrier level cycling, no provision in CQI computation at the UE side for this implementation etc. 
To address the above issues, we propose the following alternatives. First alternate could be cyclically re-use multiple precoders over the scheduled resource blocks with more accurate CQI measurement support. An eNB would apply precoding to PDSCH transparent to a UE, which gives the opportunity to deploy open loop MU-MIMO schemes as well. The second alternative could be subcarrier level precoders cycling similar to TM3, with the existing DMRS or an extended DMRS. It needs to be studied further.
This will average the PMI errors for that TTI and hence expected to provide stable CQI for higher mobility with lower feedback overhead. There is also a need of study about different precoders for cycling over resource blocks/resource elements. 
Proposal 1: Consider a DMRS based open loop scheme supporting adaptive SU/MU-MIMO with resource block level precoder cycling including CSI measurement support.
Proposal 2: Consider an open loop scheme with subcarrier level precoder cycling including if required a modified reference signal structure.
Proposal 3: The selection of precoder set(s) for cycling is for further study (FFS).
2.3 Semi-open loop schemes
[bookmark: _GoBack]The semi-open loop MIMO scheme is a better candidate than open loop schemes provided there is a limited feedback on CRI and/or I1. In 60 kmph and 120 kmph UE velocity, the reported I1 preocder is stable. Hence, eNB use the I1 precoder and the subset of the I2 precoders from the codebook are cycled over the scheduled resource blocks. This scheme can be implemented proprietarily in TM9/TM10. However, the current CQI measurement and reporting mechanism in TM9/TM10 result in mismatch of CQI between the reported and actual CQI seen by the UE and it limits the performance. Hence, there is a scope for improvement in CQI measurement for this scheme. We propose to compute the CQI by considering the reported CRI / I1 the I2 precoder cycling over the resource blocks.
Proposal 4: Consider a DMRS based semi open loop scheme in which limited UE feedback like CSI resource indicator (CRI) or I1 and adopt the open loop scheme.
Proposal 5: Consider a CQI measurement support at UE assuming I2 precoder cycling with CRI / I1 for the semi open loop scheme
3 Conclusions
Base on the discussions above, we have the following proposal and observations. 
Proposal 1: Consider a DMRS based open loop scheme supporting adaptive SU/MU-MIMO with resource block level precoder cycling including CSI measurement support.
Proposal 2: Consider an open loop scheme with subcarrier level precoder cycling including if required a modified reference signal structure.
Proposal 3: The selection of precoder set(s) for cycling is for further study (FFS).
Proposal 4: Consider a DMRS based semi open loop scheme in which limited UE feedback like CSI resource indicator (CRI) or I1 and adapt the open loop scheme.
Proposal 5: Consider a CQI measurement support at UE assuming I2 precoder cycling with CRI / I1 for the semi open loop scheme 
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