Page 1
3GPP TSG-RAN WG1 #84bis  													                           R1-162371
Busan, South Korea, 11 – 15 April, 2016

Source: 	Intel Corporation
Title:	On CSI enhancements for open loop MIMO 
Agenda item:	    7.3.3.3
Document for:	Discussion and Decision

1 Introduction
The Rel-14 eFD-MIMO WI [1] includes DMRS based open loop in its scope: “Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports”. In [2], we have proposed one DMRS based open loop transmission scheme. This contribution presents the corresponding CSI feedback scheme assuming the newly defined Class A/B operation in FD-MIMO WI.

2. CSI feedback for Class A open-loop FD-MIMO
For Class A FD-MIMO operation, non-precoded CSI-RS is used for UE to measure the CSI. UE uses a configurable dual codebook to quantize the CSI. The open loop techniques can still be applicable to Class A FD-MIMO operation when CSI feedback is inaccurate due to either high Doppler or low uplink reliability.
There are two differences between Class A open loop FD-MIMO and the legacy CRS based open loop TM3. The first difference is precoder cycling granularity. The CRS based demodulation enables minimum precoder cycling granularity of one RE. In the current specification, in TM3 the precoder is cycled every v REs for 4 antenna ports and single precoder is used for 2 antenna ports. For DMRS-based open loop MIMO, the number of precoders which can be used per PRB for open loop will be equal to number of used DMRS antenna ports per PRB for one user. For the same PDSCH transmission rank, having more DMRS ports than PDSCH transmission rank allows more spatial diversity within each PRB, but at the same time reduces the channel estimation accuracy on each DMRS port due to reduced transmission power. 
The other difference is that the codebook size for {8, 12, 16} antenna ports are much larger than that of {2, 4} antenna ports. The corresponding beam width is also much narrower. Narrower beam width increases the beamforming gain and at the same time the larger codebook also increases the PMI bit width. In order to reap the gain of large antenna array, both CSI measurement and feedback needs to be more accurate. In scenarios where it is challenging to meet both conditions, open loop MIMO becomes a better choice for its robustness.
With these two differences, it may be difficult to strictly follow the precoder cycling rules for {2, 4} antenna ports. A more feasible approach seems to be for the UE to still feedback part of the PMI information to the eNB. For example, the information on i1,2, can be reported by the UE and precoder cycling per PRB is based on the remaining PMI information, e.g. i1,1 and i2. This kind of hybrid closed/open loop MIMO operation can be justified by the reality that most of the UE position change happens in the azimuth dimension instead of zenith dimension. As such i1,2 precoding information can be assumed to be more stable than the i1,1 and i2 and therefore can be still based on closed loop operation.
Different Codebook-Config may also have impact on how the precoder is cycled through the PRBs. For example, the Codebook-Config 1 only has one precoder per beam grid and i2 is only used to align co-phasing. Thus cycling over all i2 values may be more feasible than for other Codebook-Configs in which cycling over reduced (sub-sampled) subset of i2 should be considered.
Also depending on the system bandwidth, the number of precoders to cycle across the whole system bandwidth may not be the same. A larger system bandwidth naturally allows cycling over larger number of precoders. To provide the same diversity order for different system bandwidths, the assumed precoder subsets may not be the same across different subframes.

Summarizing discussion above, we have the following proposals for Class A open loop MIMO:

Proposal 1:
· If DMRS-based open loop MIMO is defined for Class A FD-MIMO, partial PMI information such as i1,2 are feedback by UE and the remaining PMI information such as i1,1 and i2 are cycled per PRB/RE.
· Detailed cycling pattern can be FFS.

3. CSI feedback for Class B OL FD-MIMO with K = 1
For beamformed CSI-RS, Class B FD-MIMO with single CSI-RS resource (K=1) has been defined in Rel-13. One implementation approach of transmitting CSI-RS is to apply UE’s candidate beam directions for the CSI-RS antenna ports. Using a beam selection codebook and PMI feedback, UE can provide information which beam among the candidate beams is more preferable for PDSCH transmission. If open loop operation is considered for this Class B FD-MIMO mode, UE can simply cycle through a subset of the available beam selection precoders to derive the remaining CSI information such as CQI and RI. Thus the possible beam change among the candidate beams can be well captured by cycling the beam selecting precoders across the PRBs. Although in Class B OL FD-MIMO with single CSI-RS resource UE does not feedback any PMI information, the candidate beams applied on the CSI-RS resource already has a built-in closed loop information. So it can still be considered as one hybrid open/closed loop operation as the proposal for Class A OL FD-MIMO.

Proposal 2:
· If DMRS-based open loop MIMO is defined for Class B FD-MIMO with K=1, UE assumes precoder is cycled per PRB/RE based on the Class B PMIs. Detailed cycling pattern can be FFS.

4. CSI feedback for Class B OL FD-MIMO with K > 1
In this FD-MIMO mode, CRI is the additional feedback information that recommends CSI-RS resource in the closed loop operation. The possible extension of the OL for Class B FD-MIMO with K > 1 is cycling across configured CRI and PMI.

Proposal 3:
· If DMRS-based open loop MIMO is defined for Class B FD-MIMO with K>1, UE assumes precoder is cycled per PRB/RE based on Class B CRI/PMI.
· Detailed cycling pattern can be FFS.

4. CSI feedback for {2, 4} antenna ports with legacy codebook
In the context of FD-MIMO Class B with K = 1 it is possible to configure the legacy codebook with 2/4 antenna ports to be used in the practical network. In case of 4 CSI-RS antenna ports, to support CSI for DMRS-based open loop MIMO the same precoder cycling pattern (the last four precoders) principles of Rel-8 4Tx codebook for 4 CRS ports may be assumed per PRB. For rank one, each PRB can cycle two precoders alternatively. For 2 CSI-RS ports and rank one transmission two precoders out of the four available precoders can be cycled for each PRB to achieve polarization/beam diversity within each PRB.

Proposal 4: 
· If DMRS-based open loop MIMO is defined for {2, 4} antenna ports, UE assumes two precoders are cycled per PRB/RE based on 2/4 Tx codebook. For rank 1 with 2 CSI-RS ports, all the precoders in the Rel-8 2Tx codebook are used. For 4 CSI-RS ports, the last four precoders in the Rel-8 4Tx codebook are used.

6. Conclusion
[bookmark: _GoBack]In this contribution we shared our view on defining CSI feedback if DMRS-based open loop transmission is introduced. Our proposals can be recapped as:
Proposal 1:
· If DMRS-based open loop MIMO is defined for Class A FD-MIMO, partial PMI information such as i1,2 are feedback by UE and the remaining PMI information such as i1,1 and i2 are cycled per PRB/RE.
· Detailed cycling pattern can be FFS.
Proposal 2:
· If DMRS-based open loop MIMO is defined for Class B FD-MIMO with K=1, UE assumes precoder is cycled per PRB/RE based on the Class B PMIs. Detailed cycling pattern can be FFS.
Proposal 3:
· If DMRS-based open loop MIMO is defined for Class B FD-MIMO with K>1, UE assumes precoder is cycled per PRB/RE based on Class B CRI/PMI.
· Detailed cycling pattern can be FFS.
Proposal 4: 
· If DMRS-based open loop MIMO is defined for {2, 4} antenna ports, UE assumes two precoders are cycled per PRB/RE based on 2/4 Tx codebook. For rank 1 with 2 CSI-RS ports, all the precoders in the Rel-8 2Tx codebook are used. For 4 CSI-RS ports, the last four precoders in the Rel-8 4Tx codebook are used.
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