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[bookmark: DocumentFor]Introduction
In 3GPP RAN #65, a Rel.13 study item (SI) on EBF and Full Dimension MIMO (FD-MIMO) was approved [1]. Among several items is a study of possible enhancements to support 2D rectangular array. To enable FD-MIMO, the SI intends to identify some potential areas of improvement in specifications: 
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· ...
· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).
· Evaluate the need for enhancement of channel reciprocity based operation.
· Evaluate the need for enhancement on diversity transmission scheme. 
· ...
In a number of relevant scenarios, reliable CSI reporting is unattainable at an eNB. For instance, when a UE moves at a moderate to high mobility speed or inter-cell interference is bursty (due to, e.g. a lack of efficient inter-cell interference coordination), short-term CSI feedback from the UE quickly becomes obsolete at the eNB. In such circumstances, a fully closed-loop solution (that is, one which relies on fast UE feedback and high-resolution beamforming/precoding) incurs large system performance loss. This loss is amplified when larger antenna arrays, such as 2D arrays in FD-MIMO, are employed. However, long-term precoding allows greater stability and predictability. This holds when a PMI feedback associated with the long-term precoding conveys precoding subspace information which is correlated to long-term DL channel statistics. Here, precoding subspace refers to a group of precoding vectors or beams. Figure 1 illustrates a scenario where the long-term DL channel multi-path profile is contained within a range of DL angular spread. If a reliable estimate of this long-term statistics is accessible at the eNodeB, the eNodeB can contain its transmission to the UE within a set of beams where channel energy is substantial. 
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[bookmark: _Ref416190823]Figure 1 Typical scenario where DL channel angular spread is limited
In this contribution, we present a reduced feedback transmission scheme which utilizes transmit diversity across a group of beams. Also termed the semi-open-loop (semi-OL) transmission scheme, this scheme only utilizes long-term PMI feedback thereby allowing improved robustness against CSI feedback impairments with reduced CSI feedback.

[bookmark: _Ref416198573]Semi-OL Transmission Scheme
For fully closed-loop (CL) transmission scheme, the precoding model in (1) is proposed for defining CSI feedback. A precoder can be written as a product of long-term and short-term components (see [2] for more discussion):
   																		(1)
Assuming that the total number of TX antennas (at the eNB) is   and the transmission rank (the number of transmission layers) is , the size of the precoder matrix  is  . For dual-polarized array with rows and columns, the number of TX antenna ports is . Here denotes the long-term component and  the short-term component. Following Rel.10/12, is a wideband precoder while may be wideband or subband depending on the configured CSI mode. Likewise, the number of columns of (which is also the number of rows of ) corresponds to the number of spatial beams which are selected and co-phased by . For 2D antenna array with vertical (V, elevation) and horizontal (H, azimuth) dimensions, a Kronecker product (KP) based precoder (and hence a KP-based precoding codebook) can be utilized. So the description in (1) can be written as follows:
				(2)
In the context of Figure 1, the long-term precoder can be designed to facilitate transmission across a group of adjacent beams which corresponds channel angular spread. While fully CL transmission focuses transmission on one particular beam by selecting one of the column vectors of  (and co-phasing across two polarization groups, if applicable), the proposed semi-OL solution spreads transmission across all the column vectors (beams) of  by applying an OL transmit diversity scheme across those beams. That is, and are replaced by OL precoders and which do not require any PMI feedback. Only PMI feedback associated with  and (, using Rel.10/12-like terminology in [2]) is needed. 
Figure 2 illustrates the proposed transmission scheme. It is assumed that admits a block diagonal structure just as Rel.10/12 W1-codebook. The total transmission rank is given by. The matrix sizes of and are  and , respectively. The parameters and denote the number of columns (beams) in and (per polarization group), respectively. Note that for Rel.10/12 dual-polarized codebooks (readily used for horizontal dimension),  is fixed to 4. 
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[bookmark: _Ref416194213]Figure 2 Semi-OL transmission scheme

Here, the serving eNB signals the values of and  (the number of vertical and horizontal beams, respectively) to each UE. These parameters determine the codebooks for  and which are used for CSI calculation in addition to and . Rather than defining a couple of new configuration parameters, these parameters can be defined commonly with those used in closed-loop transmission which pertain to dynamic codebook subset restriction (CSR) (see [2] and [3] for further details). Hence, this signaling does not require additional specification over CL transmission scheme.
A host of transmit diversity schemes are available for and . Some examples include space-frequency block code (SFBC), precoder cycling (similar to Rel.8 OL-SM transmission scheme), or large-delay CDD. To attain maximum diversity gain regardless of the size of resource allocation, the transmit diversity operation is performed across frequency domain in per RE- or sub-RB basis. If this is the case, a set of  UE-specific demodulation RS ports (precoded only with ) need to be configured for the UE. Alternatively, if the transmit diversity is performed in per-RB basis, only a set of UE-specific demodulation RS ports are needed. This is because and  do not vary within a RB.
Lastly, due to the inherent KP structure of the transmission scheme (and hence separability), an eNB may use CL transmission on one dimension while semi-OL on the other. This enables a hybrid CL and semi-OL scheme where transmission schemes for vertical and horizontal dimensions can be configured separately.
Overall, the proposed semi-OL transmission scheme offers the following main advantages:
· More robust transmission against CSI feedback impairments: CQI averaging inherent in open-loop transmit diversity operation reduces the effect of CSI feedback impairments such as feedback error, fluctuation in inter-cell interference, frequency offsets due to UE mobility. Therefore, transmitting across multiple beams increases the chance of successful transmission (in the presence of CSI uncertainty/error) while precoder cycling across frequency domain introduces diversity gain. 
· Common operation with CL transmission scheme: Rather than needing a new transmission and signaling framework, the proposed scheme reuses CSI feedback framework and DL signaling which are designed for its companion CL transmission scheme. Thus, apart from the transmit diversity operation, semi-OL transmission is a reduced feedback version of CL transmission.
Proposal: Consider supporting a semi-open-loop (OL) transmission scheme with the following features:
· Utilize long-term precoding facilitated by long-term PMI feedback in conjunction with open-loop transmit diversity as depicted in Figure 2
· Common codebooks (and the corresponding PMI feedback mechanism) with (fully) CL transmission scheme
· PMIs associated with are not reported. 
· DL signaling of the number of beams which utilize the same mechanism as codebook subset restriction (CSR) for CL transmission scheme 

[bookmark: _Ref416187633]DL Control Signaling and CSI Reporting
In terms of DL control signaling support, the following are needed for supporting the semi-OL transmission scheme:
· As mentioned in Section 2, DL signaling of the number of horizontal and vertical beams across which OL diversity operation is performed is required. This signaling shares the same mechanism as the signaling of CSR for CL transmission. Hence, this does not require any additional signaling over CL transmission mode.
· [bookmark: _GoBack]Mode configuration for switching between semi-OL and CL: This can be done either semi-statically (via higher-layer signaling) or dynamically (via DL assignment and/or UL grant). First, the UE needs to know whether a transmission from the serving eNB is CL or semi-OL. Second, the UE needs to know whether to report CSI for CL or semi-OL. Our current preference is a semi-static (higher-layer) configuration since use cases (such as deployment scenarios, UE traffic distribution) of CL and semi-OL are expected to remain the same for a sufficiently long duration. 
In terms of extending the existing CSI reporting modes for semi-OL transmission, Table 1 summarizes the applicable CSI reporting modes for both non-precoded CSI-RS and beamformed CSI-RS. 
· Non-precoded CSI-RS: since only PMIs associated with  are reported, a CSI report for semi-OL consists of CAI, v/h-RI, and wideband PMIs associated with . Thus, only CSI reporting modes which contain wideband PMIs are relevant for this case. 
· Beamformed CSI-RS: As explained in [2], PMIs associated with  are not reported (unless a hybrid between non-precoded and beamformed CSI-RS is utilized). In this case, a CSI feedback for semi-OL consists only of CQI and v/h-RI. Thus, only CSI reporting modes which contain no PMI are relevant for this case.

[bookmark: _Ref409617147][bookmark: _Ref416187773]Table 1 Extension of Rel.12 CSI reporting modes for semi-OL transmission scheme
	Type
	CSI mode
	v-RI, h-RI
	PMI
	Joint V-H CQI

	
	
	
	
	
	

	Non-precoded CSI-RS
	P-CSI 1-1-1
	x
	WB
	-
	WB

	
	P-CSI 1-1-2
	x
	WB
	-
	WB

	
	P-CSI 2-1
	x
	WB
	-
	WB, M-SB

	
	A-CSI 3-1
	x
	WB
	-
	WB, SB

	Beamformed CSI-RS
	P-CSI 1-0
	x
	-
	-
	WB

	
	P-CSI 2-0
	x
	-
	-
	M-SB

	
	A-CSI 2-0
	x
	-
	-
	WB, M-SB

	
	A-CSI 3-0
	x
	-
	-
	WB, SB


Legend: WB = wideband, SB = subband, M-SB (M subbands), x = reported, - = not reported

Proposal: 
· Semi-static switching between CL and semi-OL transmission modes
· Simple extension of the existing CSI reporting modes which:
· Carry wideband PMIs for non-precoded CSI-RS
· Carry no PMI for beamformed CSI-RS

Conclusion
In this contribution, we have presented a semi-open-loop transmission scheme for Rel.13 FD-MIMO. It is proposed that Rel.13 FD-MIMO consider supporting a semi-open-loop (OL) transmission scheme with the following features:
· Utilize long-term precoding facilitated by long-term PMI feedback in conjunction with open-loop transmit diversity as depicted in Figure 2
· Common codebooks (and the corresponding PMI feedback mechanism) with (fully) CL transmission scheme
· PMIs associated with are not reported. 
· DL signaling of the number of beams which utilize the same mechanism as codebook subset restriction (CSR) for CL transmission scheme 
· Semi-static switching between CL and semi-OL transmission modes
· Simple extension of the existing CSI reporting modes which:
· Carry wideband PMIs for non-precoded CSI-RS
· Carry no PMI for beamformed CSI-RS
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