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1. Introduction

In RAN1 #84bis, the DMRS-based Open-Loop and Semi-Open-Loop Transmission has been discussed [1]. The detailed agreements are as follows. 

· Evaluate open-loop and semi-open-loop MIMO schemes until RAN1#85

· 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)

· Alt-1b:  Non-transparent DMRS (i.e. DMRS and PDSCH precoded differently)

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
In this contribution, we evaluate DMRS-based open-loop (OL) and semi-open-loop (semi-OL) transmissions compared with the closed-loop transmission and illustrate our views on possible schemes of DMRS-based semi-open-loop transmission. 
2. Evaluation of DMRS-based OL and Semi-OL Transmission
For DMRS-based OL transmission, UE does not report PMI, while eNB selects a precoder set S in N precoder sets with round robin or some other pre-defined method. Specifically, M precoding matrices are contained in S, and the eNB uses the M precoders for the PDSCH in each RB/RBG with a round robin manner. For the DMRS-based semi-OL transmission, partial information about the final precoding is fed back by the UE, e.g., partial PMI (i11, i12 or i1) or CRI. Moreover, the reported PMI indicates a subset of the codebook, which is used for the PDSCH in each RB/RBG with a round robin manner. Since the OL transmission uses precoders without any prior information about the channel, the eNB may configure a lot of codewords to do precoder cycling without matching the time/frequency varying characterization of the channel, which causes performance loss. However, in DMRS-based semi-OL transmission, the precoder subset is configured according to the partial CSI feedback reflecting the time/frequency varying characterization of the channel. 
2.1 Evaluation results for Class B K>1
In this section, we conduct link-level simulation to evaluate the OL and semi-OL schemes for Class B, i.e., Alt-2a and Alt-2b in [2]. To show the performance of CRI feedback or cycling, we compare the following four schemes with the CL transmission (Scheme 5).
Scheme 1: CRI cycling and codeword cycling for the indicated CSI-RS resource 
Scheme 2: CRI cycling and codeword subset feedback for the indicated CSI-RS resource

Scheme 3: CRI feedback and codeword cycling for the indicated CSI-RS resource 

Scheme 4: CRI feedback and codeword subset feedback for the indicated CSI-RS resource

For the codebook subset feedback, the long-term PMI, i.e., i11 and i12, is fed back to indicate the codebook subset used for codeword cycling.
The simulation results are presented in Figure 1 under the velocity of 120 km/h.
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Figure 1 Simulation results of difference Class B K> 1 schemes
It is seen in Figure 1 that the schemes with CRI cycling suffer large performance loss. Moreover, for each selected CRI, pure OL with codeword cycling also suffers large performance loss. The scheme with CRI feedback and codebook subset feedback performs better than the other OL or semi-OL schemes.
Observation 1: For Class B OL or semi-OL, CRI cycling suffers large performance loss compared with CRI feedback.
Observation 2: For each CSI-RS resource, pure OL with codeword cycling suffers large performance loss compared with CL.

Proposal 1: For Class B K>1, support the CRI feedback with semi-OL for the selected CSI-RS resource, and study further on the semi-OL schemes.
2.2 Evaluation results for K=1 CSI-RS resource
For the DMRS-based semi-OL transmission, one possible enhancement is to feed back PMI indicating a subset of the whole codebook. Following this methodology, we evaluate the performance of the semi-OL transmission for the transparent and non-transparent schemes with link-level simulation.
Transparent scheme
For the transparent scheme, eNB uses PMI to indicate the beam selection information of the precoding. For example, if the Rel-13 Class A codebook is used, assume that the whole configured codebook contains M codewords in total. For the rank-1 codebook, the M codewords are classified into M/4 groups, where each group contains 4 codewords corresponding to the 4 co-phasing states. For the higher rank codebook, the M codewords are classified into M/2 groups, where each group contains 2 codewords corresponding to the 2 co-phasing states. The UE feeds back the wideband/sub-band PMI to indicate the codeword group, and the eNB configures precoding for the DMRS/PDSCH of each RB/subcarriers by using precoding cycling within the 4 or 2 codewords. 
Non-transparent scheme
For the non-transparent scheme, the resulting precoder for the PDSCH is W1W2, where 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. The design of transparent scheme given above can also be reused as part of the resulting precoder here. Specifically, if L-layer codebook is selected, the resulting precoder of the transparent scheme is 
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where 
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 are the selected beams for feedback, and 
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 is the co-phasing for cycling. Then if we use SFBC for rank 1 and large-delay-CDD for rank 2, we have 

[image: image7.wmf]1

1

2

éù

=

êú

ëû

v0

W

0v


which is acquired by UE feedback, whereas the equivalent cycling part is 
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Then in the resulting precoder for PDSCH, W1 is CL based on UE feedback, and W2 is OL.
We conduct link-level simulation to compare the transparent and non-transparent schemes. We also need to evaluate the impact of cycling granularity on the semi-OL. The following schemes are simulated under the velocity of 120km/h.
Scheme 1: Feed back beam selection and cycling co-phasing in RB level
Scheme 2: Feed back beam selection and cycling co-phasing in sub-carrier level
Scheme 3: Feed back beam selection and cycling co-phasing with SFBC/LD-CDD in RB level
Scheme 4: Feed back beam selection and cycling co-phasing with SFBC/LD-CDD in sub-carrier level
Scheme 5: CL

The simulation results are presented in Figure 2.
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Figure 2 Simulation results for semi-OL schemes
It is seen in Figure 2 that sub-carrier-level cycling of co-phasing outperforms the RB-level cycling and CL. Moreover, non-transparent schemes with SFBC/LD-CDD do not help to increase the performance. Hence we have the following proposal.
Proposal 2: Support sub-carrier codeword cycling within the codebook subset indicated by PMI.
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.
For the transparent semi-OL schemes, if CSI-RS is used to calculate CQI, eNB needs to inform the UE about the precoder used in DMRS/PDSCH for each RB, e.g., the PMI reported by the UE, or the subset indicated by the UE to do precoding cycling. For the transparent semi-OL schemes, one approach is to use CSI-RS to calculate CQI. Then eNB needs to inform the UE about the precoder used in PDSCH for each RB, e.g., the PMI reported by the UE, or the subset indicated by the UE to do precoding cycling. Another approach is to use DMRS for CQI calculation, but the eNB and UE need to be aligned on the W2 set and cycling method.
Proposal 3: UE and eNB need to be aligned on the precoder subset and cycling method to obtain accurate CQI.
4. Conclusions
In this contribution, we discuss and evaluate the DMRS-base OL and semi-OL for Class B K>1 CSI-RS and K =1 CSI-RS. The following observations and proposals are obtained.
Observation 1: For Class B OL or semi-OL, CRI cycling suffers large performance loss compared with CRI feedback.
Observation 2: For each CSI-RS resource, pure OL with codeword cycling suffers large performance loss compared with CL.

Proposal 1: For Class B K>1, support the CRI feedback with semi-OL for the selected CSI-RS resource, and study further on the semi-OL schemes.
Proposal 2: Support sub-carrier codeword cycling within the codebook subset indicated by PMI.
Proposal 3: UE and eNB need to be aligned on the precoder subset and cycling method to obtain accurate CQI.
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