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1   Background
The new WI “Enhancements on Full-Dimension (FD) MIMO for LTE” was approved in RAN#71 [1]. According to the time schedule, the performance part will start from this RAN4 meeting.
In this contribution, we will analyze the new features and discuss corresponding new requirements for eFD-MIMO.
2   Discussion
2.1   New features
According to the WI summary [2], the following new functionalities have been specified:

a) Enhanced non-precoded CSI-RS: New non-precoded CSI-RS patterns for 20, 24, 28, and 32 ports intended to aid CSI measurement and reporting for base stations (transmission points) equipped larger AA arrays. The frequency density of these new patterns can be configured between normal and reduced density values.  

b) Enhanced beamformed CSI-RS: Three mechanisms to enable more efficient usage of UE-specific beamformed CSI-RS resources (e.g. to allow more UEs to share a pool of CSI-RS resources) – aperiodic CSI-RS (where a UE is configured to measure CSI-RS in a given subframe for reporting aperiodic CSI), multi-shot CSI-RS (where a UE is configured to measure periodic CSI-RS and report periodic/aperiodic CSI in a limited time period), and configurable frequency density reduction.

c) Enhanced UL DMRS: To increase the number of orthogonal UL DMRS ports (to increase multiplexing capacity), UL DMRS patterns with lower IFDM/comb density 
d) Precoding codebook extension for non-precoded CSI-RS: Since non-precoded CSI-RS design is extended to additional number of ports (20, 24, 28, and 32), the precoding codebook designed in Rel-13 for 8, 12, and 16-port CSI-RS is extended to support these four additional number of ports.

e) Joint utilization of different CSI-RS types: Two mechanisms to facilitate efficient joint utilization of two distinct types of CSI-RS – first mechanism between non-precoded CSI-RS and one-resource beamformed CSI-RS, second between multi-resource beamformed CSI-RS and one-resource beamformed CSI-RS. Relevant enhancements include CSI reporting optimization and the associated DL signalling support.
f) Advanced (high-resolution) CSI for MU spatial multiplexing: High-resolution dual-stage codebook for facilitating 1- and 2-layer DL transmission per UE and improving MU precoding at the base station. The codebook is designed based on the concept of beam (precoder basis) combination and allows finer quantization of channel eigenvectors at the UE.

g) DMRS-based semi-open-loop transmission: A diversity-based transmission scheme aided by partial reporting of PMI (precoding matrix indication) for 1- and 2-layer transmission. The partial PMI reporting enables the base station to perform diversity operation combined with wideband/long-term beamforming. Compared to a typical DMRS-based precoding, this transmission scheme tends to be more robust for high-speed UEs and against inter-cell interference.
For a), since the new non-precoded CSI-RS ports and patterns for 20, 24, 28, and 32 ports are introduced, and new frequency density for new patterns will affect UE performance, corresponding requirements are needed.
For b), three mechanisms to enable more efficient usage of UE-specific beamformed CSI-RS resources are introduced. It is more like a functionality, so for performance tests, the priority is low.
For c), enhanced UL DMRS pattern is introduced. For UE and BS, this is kind of a functionality test. The difference between enhanced UL DMRS and Rel-13 DMRS is the density. The channel estimation algorithm is similar. So the priority is low.
For d), it is one part for a), so performance tests for d) can be designed jointly.
For e), two mechanisms to facilitate efficient joint utilization of two distinct types of CSI-RS are introduced. In this case, the CSI reporting scheme is different from previous release, we should consider whether we need new CSI tests.
For f), advanced (high-resolution) CSI for MU spatial multiplexing is introduced. This high-resolution dual-stage codebook will affect UE performance.
For g), this is also a new kind of CSI reporting scheme and will affect UE performance, so we should consider to introduce new requirements for this this new feature.
2.2   New requirements
So, in conclusion, new performance requirements should be considered for:
· Enhanced non-precoded CSI-RS, supporting CSI-RS patterns for 20, 24, 28, and 32 ports and precoding codebook extension.

· Advanced (high-resolution) CSI for MU spatial multiplexing

· DMRS-based semi-open-loop transmission
In the following section, we will discuss these requirements separately.
2.3   CSI requirements
According to the previous analyses, for CSI requirements, we should consider following new features:
· Enhanced non-precoded CSI-RS, supporting CSI-RS patterns for 20, 24, 28, and 32 ports and precoding codebook extension.

· Advanced (high-resolution) CSI for MU spatial multiplexing
For the codebook extension, codebooks are directly extended from 16 antenna ports to 20, 24, 28 and 32 antenna ports. Another point is about density reduction. The agreements are captured below about {20, 24, 28, 32}-port CSI-RS for Class A eMIMO-Type:
At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:

· All ports in a CSI-RS resource are transmitted within the same subframe 
· i.e. CSI-RS overhead reduction is done in the frequency domain

· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 
· For Class A eFD-MIMO, a CSI-RS density value of 1/3 is supported in addition to already agreed values of 1 and ½ 

· No other values of CSI-RS density are supported in this Release.

· For Class A, CSI-RS overhead reduction is supported by Comb-like transmission, allowing PDSCH transmission in the REs in PRBs with no CSI-RS ports
· UE measures channel in REs in PRBs with CSI-RS ports and expects PDSCH in PRBs with no CSI-RS ports

· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (for Class A), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset
· For d=1/3 (for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset
· For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d 

· For Class A NZP CSI-RS with more than 16 CSI-RS ports each CSI-RS configuration can have different values of comb offset
For {2, 4, 8}-port CSI-RS for Class B eMIMO-Type:
Overhead reduction for Class B – both for periodic and aperiodic CSI-RS

· Support CSI-RS frequency-domain density reduction for Class B NZP CSI-RS:
· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs

· N = 1 (existing CSI-RS design), 2

· Note: This implies supporting CSI-RS density of d ∈ {1,1/2} RE/RB/port
· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset
According to the design for the density reduction, PMI reporting performance will be affected. So we should consider corresponding requirements.
For the advanced (high-resolution) CSI for MU spatial multiplexing, since new advanced codebook is defined, we should define corresponding tests.
2.4   Demod requirements
For demod requirements, we should consider the new feature:
· DMRS-based semi-open-loop transmission
· According to RAN1 discussions, the following aspects are affected:
· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop

· 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} 

· CRI, RI, i1 and CQI reporting is supported for CLASS B with 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
· Denote the modulation symbol index as i, RE-level PDSCH processing for semi-open-loop MIMO is based on DMRS ports 7/8

·  Rank-1: Tx diversity
· 
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· Rank-2:  co-phasing cycling
· 
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· For the purpose of CSI feedback, UE assumes the following beamforming on port 7/8 (to N CSI-RS ports) 

· Dual-stage codebook:  W(j)= W1W2(j) 

· W1: 
 wideband i1 (e.g. grid of beams) of rank-2 

· If the CQI reporting is configured to be based on the Single-stage codebook: W(j) 

· 2 CSI-RS ports:  identify matrix (i.e. no PMI feedback)

· 4 CSI-ports:  Per-PRB-pair cycling of W(j), where W(j) = Ck, k=mod(j,4)+12, Ck denotes the rank-2 precoding matrix of index k 
· NOTE: j denotes PRB pair index
· For the purpose of CSI derivation, the UE assumes Option 1 with a single DMRS beam semi-statically configured by codebook subset restriction

· The single DMRS beam, which is the same for both ports 7&8, is indicated in the i2 field of codebook subset restriction 

· Option 1:

· Rank-1: SFBC only + fixed beam selection

· Rank-2: Fixed beam selection
Since this kind of CSI reporting will affect UE demodulation performance, so we should consider to define corresponding requirements.
Proposal 1: Consider to define CSI requirements for 
· Enhanced non-precoded CSI-RS
· high-resolution CSI
and demod requirement for
· DMRS-based semi-open-loop transmission
3   Conclusions
In this contribution, we analyze the new features for eFD-MIMO and propose that
Proposal 1: Consider to define CSI requirements for 

· Enhanced non-precoded CSI-RS
· high-resolution CSI
and demod requirement for
· DMRS-based semi-open-loop transmission
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