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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. While standard-transparent schemes may be employed to enable FD-MIMO, the SI also 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. 
· Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).
· ...
In this contribution, we present our tentative views on configuration and control signaling issues for FD-MIMO in the context of the above SI description.

[bookmark: _Ref410058053]Configuration of FD-MIMO
If at least one (non UE-transparent) enhancement is introduced for Rel.13 to support FD-MIMO transmission and/or reception, at least one configuration is required. Assuming that a UE is capable of receiving FD-MIMO transmission, at least three possible levels of configuration exist: 
1. FD-MIMO as a new Rel.13 transmission mode (e.g. TM11): In this case, a UE is semi-statically (via RRC signaling) configured to receive FD-MIMO transmission via higher-layer signaling. 
2. Semi-static configuration of features or parameters: Examples include CSI feedback mode, CSI-RS resource allocation, and UL/DL control signaling formats and parameters. Likewise, eNB needs to configure UEs with such features semi-statically. 
3. Dynamic reconfiguration of features or parameters: It may be appropriate to be able to configure some parameters dynamically.  
To support FD-MIMO for Rel.13, different possible combinations of those three levels exist. However, the need for introducing a new Rel.13 transmission mode for FD-MIMO depends on how divergent FD-MIMO is from the existing Rel.12 specification. If FD-MIMO introduces a number of new features, it is justified to add TM11 into the Rel.13 specification. If this is done, the second- and third-level configurations follow accordingly. 
Even if a new TM11 is not defined for FD-MIMO, FD-MIMO can be implemented by configuring the above component features (e.g. CSI feedback, CSI-RS, UL/DL control formats). In this case, at least one RRC parameter (e.g. related to the number of antenna ports) is needed so that the component features can be automatically configured accordingly. 
Observation: Whether to introduce a new FD-MIMO transmission mode in Rel.13 depends on the nature of enhancements. Regardless, it is possible to enable FD-MIMO by configuring each of the relevant component features separately.

Control signalling for FD-MIMO
In this section, we will discuss UL control signaling followed by DL control signaling. 
[bookmark: _Ref410059909]UL control signaling
To utilize the additional benefit of FD-MIMO, enhancements on CSI feedback may be needed. This is especially relevant for FDD where short-term DL channel measurement is not available at eNB. While UL-DL long-term reciprocity can be exploited in many scenarios for slowly adapted beamforming (see, e.g. [2]), FDD systems solely rely on CSI feedback for short-term precoding. While the definition/specification of CQI and RI in Rel.12 can be readily used for Rel.13 FD-MIMO, PMI may need some additional refinement since, most likely, at least a new codebook and PMI definition need to be introduced for 2D antenna array. For instance, a PMI that accommodates a Kronecker product (KP) structure of an extended 2D codebook requires a new 2D-PMI definition (e.g. v-PMI and h-PMI). Meanwhile CQI/RI may be defined/computed assuming a single 2D-PMI (also known as joint CQI/RI). 
Other possible enhancements may require modifications in CQI definition such as support of MU-CQI (in addition to SU-CQI of Rel.12) or, better yet, a CSI type (CQI/PMI/RI) which facilitates a more accurate and “SU/MU-agnostic” channel state feedback. This is relevant especially for MU-MIMO operations. As the number of antenna elements is increased at the eNB, performance benefit of FD-MIMO comes primarily from MU-MIMO as the additional SU gain offered by a large number of antennas diminishes beyond 8 antennas. Given such challenges for FDD, it is desirable to identify potential enhancements on CSI feedback in MU-MIMO setup. For instance, in our companion contribution [4], we show a large room for throughout improvement relative to a simple extension of Rel.12 MIMO to FD-MIMO.  
In any case, at least two mechanisms are viable to accommodate such enhancements:
1. Alt1: Extension of the existing Rel.12 CSI reporting modes (while maintaining the same number and types of CSI reporting modes): 
· Pros: This entails maximum reuse of Rel.12 CSI reporting structures. In this case, CQI/PMI/RI definition from Rel.12 is maintained while additional overhead incurred due to larger codebook or KP structure is accommodated by defining larger payload sizes. No additional CSI reporting modes are defined. 
· Thus, different payload sizes are introduced for the following modes:
· P-CSI: mode 1-1 sub-mode 1 and 2, and mode 2-1 (with PMI); 
· A-CSI: mode 1-2, 2-2, 3-1, and 3-2 (with PMI);  
· CSI modes without PMI (P-CSI modes 1-0 and 2-0, A-CSI modes 2-0 and 3-0) are not subject to refinement.
· Following Rel.12, CSI computation at each UE assumes SU transmission. 
2. Alt2: Definition of some new CSI reporting modes (on top of the ones currently supported in Rel.12):
· Pros: This allows us to redefine a set of reporting modes from scratch and tailor these new modes according to FD-MIMO. This is suitable when refinement is introduced not only for PMI but also for CQI/RI. 
· Here, it is possible, for instance, to define a new PMI type which is “SU/MU-agnostic” to facilitate more efficient MU-MIMO operations.
In our view, these two alternatives do not necessarily exclude each other. That is:
· All the relevant P-/A-CSI reporting modes that carry PMI (see above) are extended to support newly introduced FD-MIMO PMI codebook(s) which impose new payload sizes. In computing these CSI reports, each UE assumes SU transmission from an eNB. 
· In addition, new CSI modes based on a revised CQI/RI/PMI definition are potentially introduced to enhance FD-MIMO performance in MU scenarios.
Proposal: 
· Extend all (if not most) Rel.12 CSI reporting modes with PMI to accommodate newly introduced FD-MIMO PMI codebook(s) by introducing new payload sizes 
· Study the feasibility of new CSI modes aimed for more efficient MU-MIMO operations with large antenna array

In terms of UL control channels, supporting such enhancements may have the following specification impacts:
· P-CSI: Rel.12 P-CSI utilizes PUCCH format 2/2a/2b. As evident from the table below, both submodes (1 and 2) of mode 1-1 result in approximately rate ½ coding (given that the total number of coded bits of PUCCH mode 2/2a/2b is 20). In both sub-modes, simply increasing the payload size to accommodate 2D-PMI causes less error protection. Therefore, an extension of Rel.12 solution is necessary. Assuming a similar dual-stage precoding framework to that employed in Rel.12 (see our companion contribution [4]), some Rel.12-based alternatives include:
· Reporting h-PMI and v-PMI with two PUCCH format 2/2a/2b allocations  
· Reporting h-PMI and v-PMI based on more aggressive codebook sub-sampling with one PUCCH format 2/2a/2b allocation
· Utilizing a new PUCCH format for P-CSI reporting (e.g., PUCCH format 3 with 48 coded bits) for reporting 2D-PMI 
Table 1 Table 7.2.2-3 of TS36.213 partially reproduced – Type 2b and 5 are relevant for sub-mode 1, type 2c and 3 are relevant for sub-mode 2
	2b
	Wideband CQI
 / second PMI
	8 antenna ports RI = 1
	8

	
	
	8 antenna ports 1 < RI < 4
	11

	
	
	8 antenna ports RI = 4
	10

	
	
	8 antenna ports RI > 4
	7

	
	
	4 antenna ports RI=1
	8

	
	
	4 antenna port 1<RI4
	11

	5
	RI/ first PMI
	8 antenna ports, 2-layer spatial multiplexing
	4

	
	
	8 antenna ports, 4 and 8-layer spatial multiplexing
	5

	
	
	4 antenna ports, 2-layer spatial multiplexing
	4

	
	
	4 antenna ports, 4-layer spatial multiplexing
	5

	2c
	Wideband CQI
 / first PMI 
/ second PMI
	8 antenna ports RI = 1
	8

	
	
	8 antenna ports 1 < RI  4
	11

	
	
	8 antenna ports 4 < RI  7
	9

	
	
	8 antenna ports RI = 8
	7

	
	
	4 antenna ports RI=1
	8

	
	
	4 antenna port 1<RI4
	11

	3
	RI
	2/4 antenna ports, 2-layer spatial multiplexing
	1

	
	
	8 antenna ports, 2-layer spatial multiplexing
	1

	
	
	4 antenna ports, 4-layer spatial multiplexing
	2

	
	
	8 antenna ports, 4-layer spatial multiplexing
	2

	
	
	8-layer spatial multiplexing
	3



· A-CSI: Other than increased CSI payload, the impact on PUSCH is rather small. One possible impact may be on channel coding. When the maximum payload size is increased, it may be necessary to consider using Turbo code for larger payload sizes (also mentioned in [6] for enhanced CA).
Observation: While potential A-CSI feedback enhancements result in smaller impact on PUSCH, P-CSI may require extension(s) of Rel-12 specification to support FD-MIMO.
DL control signaling 
The use of DL assignments and UL grants enables dynamic reconfiguration of some FD-MIMO parameters (see Section 2, third-level configuration). Especially relevant is dynamic reconfiguration of precoding/beamforming scheme and CSI feedback. 
If we retain the dual-stage structure of Rel.12 precoding (see [2] and [4]) along with open-loop (semi closed-loop) operation (see [5]), it is desirable for the system to support a switching mechanism which does not rely on RRC signaling. As deployment conditions may change abruptly due to various factors, switching between different FD-MIMO schemes allows better usage of system resources. Yet this switching needs to be done efficiently in a per-need basis. Here, using DL assignments allows a viable and simple solution to this problem. For instance, a small DCI field which informs UE an assigned MIMO scheme is introduced into DL assignments. Since precoding is performed across UE-specific RS, precoding is transparent to the UE from demodulation perspective. Therefore, there is no need for the eNB to inform the choice of precoding vector/matrix to the UE. However, the UE may need to know if the eNB switches between open- and closed-loop (depending on the type open-loop scheme). 
Other than facilitating dynamic reconfiguration of FD-MIMO schemes via DL assignment, UL grant can be used to (re)configure CSI feedback. As evident from our discussion in Section 3.1, it is beneficial to reduce CSI feedback overhead whenever possible. In Rel.12, an eNB uses codebook subset restriction (CSR) to restrict PMI computation and report of a UE. Since it is a higher-layer (RRC) configuration, it is semi-static and incurs large reconfiguration delay. Yet another shortcoming of 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. 
For this purpose, CSI feedback overhead can be reduced by extending Rel.12 CSR to support dynamic reconfiguration of CSR via UL grant. That is, based on a timing relationship similar to that for A-CSI triggering, CSR is included in a DCI field.
· This CSR field is used to constrain PMI hypotheses within a chosen codebook subset.
· This subset is maintained until the next UL grant containing a new CSR field is received.
· Based on the reduced codebook subset, a UE reduces its CSI feedback payload size 
Proposal: Consider utilizing UL grant to reduce CSI feedback overhead by dynamic codebook subset restriction, and possibly DL grant to switch between different FD-MIMO schemes.

Conclusion
In this contribution, we discussed configuration and control signaling issues to support FD-MIMO for Rel.13. Our tentative observations and conclusions can be summarized as follows:
Observation:
· Whether to introduce a new FD-MIMO transmission mode in Rel.13 depends on the nature of enhancements. Regardless, it is possible to enable FD-MIMO by configuring each of the relevant component features separately.
· While potential A-CSI feedback enhancements result in smaller impact on PUSCH, P-CSI may require extension(s) of Rel-12 specification to support FD-MIMO.
Proposal: 
· Extend all (if not most) Rel.12 CSI reporting modes with PMI to accommodate newly introduced FD-MIMO PMI codebook(s) by introducing new payload sizes 
· Study the feasibility of new CSI modes aimed for more efficient MU-MIMO operations with large antenna array
· [bookmark: _GoBack]Consider utilizing UL grant to reduce CSI feedback overhead by dynamic codebook subset restriction, and possibly DL grant to switch between different FD-MIMO schemes
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