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[bookmark: DocumentFor]Introduction
In 3GPP RAN1#80, the following agreement was made regarding the following high-level categories for potential CSI-RS and feedback enhancements which will be captured in the TR [1]:
· Enhancements related to beamformed CSI-RS-based schemes
· Enhancements related to non-precoded CSI-RS-based schemes
· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Enhancements related to non-codebook based CSI reporting for TDD
· Enhancements related to SRS
In this contribution, we present our view on the above first two categories of specification-based enhancements pertinent for Rel.13 FD-MIMO. Particularly, we focus on enhancements on CSI reporting types and modes for each of those categories.

[bookmark: _Ref416166836]Precoding Model
The precoding model in (1) is proposed for defining CSI feedback. This precoding model is similar to the dual-stage precoding of Rel.10/12 (W1-W2 or i1-i2) which can be written as a product of long-term and short-term components:
   																		(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)
Following the notation in Rel.10/12, each of the four precoding components in (2) is associated with a PMI. Thus, the following UE feedback parameters may be included in a CSI reporting unit: 
· 2D-PMI: 		
· 2D-RI:			v-RI, h-RI
· Joint V-H CQI: a single CQI entity (that is, reflecting both V and H components) calculated based on the 2D-RI and 2D-PMI
Therefore, in general (1) can be described as . This relation holds in any case. In different scenarios, a subset of these UE feedback parameters is reported. Such scenarios include the following: 
· Whether a UE is configured for non-precoded or beamformed CSI-RS
· Whether a UE is configured for closed-loop or semi-open-loop (reduced feedback in [2]) operation 

[bookmark: _Ref416187633]CSI Enhancements Associated with Non-precoded CSI-RS
To calculate CSI, a UE measures its assigned non-precoded CSI-RS resource and derive CQI/PMI/RI based on a dual-stage precoding codebook. For closed-loop operation, all the UE feedback parameters in Section 2 are reported. For semi-open-loop operation in [2], however, short-term PMIs are not reported. Keeping this in mind, the existing (Rel.12) CSI reporting modes can be extended as shown in Table 1 below.
[bookmark: _Ref409617147][bookmark: _Ref416187773]Table 1 Extension of Rel.12 CSI reporting modes for non-precoded CSI-RS
	Type
	CSI mode
	v-RI, h-RI
	PMI
	Joint V-H CQI

	
	
	
	
	
	

	Closed-loop
	P-CSI 1-1-1
	x
	WB
	WB
	WB

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

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

	
	A-CSI 1-2
	x
	WB
	SB
	WB

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

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

	
	A-CSI 3-2
	x
	WB
	SB
	WB, SB

	Semi-open-loop
	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


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

For linear combination KP codebook (see [3]), and are replaced with one PMI which indicates the set of coefficients for linear combination. Additional CSI feedback such as MU-CSI, whenever configured, can be added to the above UE feedback parameters. 
It is also possible to constrain the set of possible RI values for Rel.12 FD-MIMO. Since a primary purpose for FD-MIMO is to attain high beamforming gain (whether for SU or MU transmissions), rank-1 and 2 transmissions per UE should receive higher enhancement priority compared to higher ranks, at least within the scope of Rel.13. For this reason, codebook enhancements for Rel.13 should be targeted for a total rank (= v-RI × h-RI) of 1 and 2. Based on the above discussion, this entails designing new rank-1 and 2 1D precoding codebooks, especially for new numbers of antenna ports and new 1D antenna configurations (such as 8-port ULA). Codebooks for higher ranks can be constructed from the existing Rel.12 1D codebooks without any further enhancement. 
From Table 1, it is apparent that CSI feedback overhead significantly increases for Rel.13 FD-MIMO primarily due to the need for reporting 2D-PMI. One venue for limiting the increase in feedback overhead is to opt for more compact precoding codebook designs or constrain precoding adaptation in vertical dimension to long-term adaptation (thereby requiring only a single-stage codebook design for vertical dimension). This solution, however, not only limits the applicability of FD-MIMO to a small range of scenarios, but also risks scalability for future releases and enhancements. This calls for an alternative solution that avoids such unnecessary restrictions. 
An alternative solution to limiting feedback overhead is to adopt codebooks that facilitate deployments in various reasonable scenarios (such as DL channels with different angular spreads) and introduce dynamic codebook subset restriction (CSR). In Rel.12, an eNB uses CSR to restrict PMI computation at a UE. Since it is a higher-layer (RRC) configuration, it is semi-static and incurs large reconfiguration delay. Yet another shortcoming of Rel.12 CSR is its unused potential to reduce CSI feedback overhead. That is, although CSR reduces the number of PMI hypotheses for a UE, the UE still utilizes the same (maximum) P-CSI/A-CSI payload size thereby unnecessarily reducing UCI reliability. Therefore, CSI feedback overhead can be reduced by extending Rel.12 CSR to support dynamic reconfiguration of CSR via UL grant. Based on a timing relationship similar to that for A-CSI triggering, CSR is included in a DCI field. 
Proposal: For a UE configured for non-precoded CSI-RS:
· When configured for closed-loop operation, extend the existing (Rel.12) CSI reporting modes to include v-RI, h-RI, , and joint CQI according to Table 1
· When configured for semi-open-loop (reduced feedback) operation, extend the existing (Rel.12) CSI reporting modes to include v-RI, h-RI, , and joint CQI according to Table 1
· Target Rel.13 codebook enhancements for a total rank (= v-RI × h-RI) of 1 and 2
· Consider the possibility of introducing  dynamic codebook subset restriction (CSR) in conjunction with precoding codebooks which accommodate a range of reasonable DL channel scenarios

CSI Enhancements Associated with Beamformed CSI-RS
A main value of supporting precoded or beamformed CSI-RS is to economize the use of CSI-RS and feedback resources. For instance, an eNB with 64 TXRUs mapped onto 16 non-precoded CSI-RS antenna ports can further reduce the number of CSI-RS ports that a UE shall measure to 2 via long-term and wideband beamforming. Beamformed CSI-RS, of course, comes at the expense of performance and relies on some degree of availability of DL long-term channel statistics at eNB (which may not be applicable in some scenarios, see discussion in [4]). In relation to this, the following two related aspects need to be considered to support beamformed CSI-RS (along with its related CSI reporting schemes) for Rel.13 FD-MIMO:
· Cell-specific vs. UE-specific beamformed CSI-RS configuration
· Precoding type 
First, it should be kept in mind that the precoding matrix applied to CSI-RS shall also be applied to PDSCH. If this is the case, cell-specific beamformed CSI-RS tends to either limit precoding/beamforming gain or impose unnecessary feedback overhead to each UE. On the one hand, if feedback overhead is to be limited, the eNB will most likely create a small set of wide beams for beamformed CSI-RS which must also be applied to data signals on PDSCH. In this case, the feedback overhead associated with beam selection and co-phasing will be small. But this reduces the amount of precoding/beamforming gain as well –which reduces the value of utilizing a large number of antennas in FD-MIMO. On the other hand, if sufficiently high precoding/beamforming gain is to be maintained, the eNB will need to create a large set of narrow beams for beamformed CSI-RS which incurs larger feedback overhead. 
To avoid this dilemmatic trade-off caused by cell-specific beamformed CSI-RS, UE-specific beamformed CSI-RS can be utilized. In this case, the eNB can create a large set of narrow beams for beamformed CSI-RS but allocate only a small subset for each UE. The subset is determined by the location and other long-term channel statistics which are particular to the UE. This requires a UE-specific beamformed CSI-RS configuration. While the subset of beams allocated to the UE is transparent from measurement and demodulation perspective, the UE shall know the number of beamformed CSI-RS ports assigned to it. This number of ports determines the type(s) and format(s) of CSI reporting. To reduce the number of configurations, it is possible to use the same configuration scheme as (or at least associate it with) the dynamic CSR proposed for non-precoded CSI-RS discussed in Section 3. 
Assuming UE-specific beamformed CSI-RS configuration, extension of the existing CSI reporting modes can be derived from Table 1 by removing long-term PMIs . In this case, PMI reporting only entails beam selection and co-phasing.
[bookmark: _Ref416189451]Table 2 Extension of Rel.12 CSI reporting modes for beamformed CSI-RS
	Type
	CSI mode
	v-RI, h-RI
	PMI
	Joint V-H CQI

	
	
	
	
	
	

	Closed-loop
	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 1-2
	x
	-
	SB
	WB

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

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

	
	A-CSI 3-2
	x
	-
	SB
	WB, SB

	Semi-open-loop
	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

Since beamformed CSI-RS is primarily used for lower-rank scenarios, it may be fitting to introduce further rank restriction for this case. For instance, the maximum total rank (= v-RI × h-RI) per UE can be set to 2 or at most 4. Furthermore, the same codebooks as non-precoded CSI-RS can be used for beamformed CSI-RS. 
[bookmark: _GoBack]When DL long-term channel statistics cannot be measured at a serving eNB (e.g. DL-UL duplex distance is sufficiently large, unavailability of UL signals which can be used for delay profile measurements), a hybrid configuration of low-duty-cycle non-precoded CSI-RS and higher-duty-cycle beamformed CSI-RS can be used (see, e.g. our companion contribution [5] for further details). This amounts to configuring a UE for both non-precoded and beamformed CSI-RS which enables the UE to recommend a subset of beams according to a particular codebook. For this reason, the codebooks for non-precoded CSI-RS can be utilized. Consequently, the CSI reporting type for semi-open-loop in Table 1 can be used for this purpose. This falls into the third of the high-level categories for specification-based enhancement.
Proposal: For a UE configured for beamformed CSI-RS:
· Support UE-specific CSI-RS resource configuration 
· Support UE-specific DL signaling of the number of assigned ports which can reuse the mechanism for dynamic CSR signaling for non-precoded CSI-RS
· Not to feedback long-term PMIs  for CSI reporting in accordance to Table 2, using the same codebooks as non-precoded CSI-RS
· Consider restricting the maximum transmission rank to 2 or at most 4

Conclusion
In this contribution, we have presented our view on potential areas of enhancement for CSI reporting types and modes for Rel.13 FD-MIMO. Our proposals can be summarized as follows: 
Proposals: 
For a UE configured for non-precoded CSI-RS:
· When configured for closed-loop operation, extend the existing (Rel.12) CSI reporting modes to include v-RI, h-RI, , and joint CQI according to Table 1
· When configured for semi-open-loop (reduced feedback) operation, extend the existing (Rel.12) CSI reporting modes to include v-RI, h-RI, , and joint CQI according to Table 1
· Target Rel.13 codebook enhancements for a total rank (= v-RI × h-RI) of 1 and 2
· Consider the possibility of introducing  dynamic codebook subset restriction (CSR) in conjunction with precoding codebooks which accommodate a range of reasonable DL channel scenarios
For a UE configured for beamformed CSI-RS:
· Support UE-specific CSI-RS resource configuration 
· Support UE-specific DL signaling of the number of assigned ports which can reuse the mechanism for dynamic CSR signaling for non-precoded CSI-RS
· Not to feedback long-term PMIs  for CSI reporting in accordance to Table 2, using the same codebooks as non-precoded CSI-RS
· Consider restricting the maximum transmission rank to 2 or at most 4
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