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Introduction
In 3GPP RAN#71, the WID of Enhancements on Full-Dimension MIMO for LTE (eFD-MIMO) was approved. For CSI feedback enhancement the following objectives were captured in the WID [1]:
· Extend specification support for CSI reporting in the following areas [RAN1]
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
In this contribution, we discuss codebook design for the newly supported number of non-precoded CSI-RS ports for eFD-MIMO.
Possible port layouts for codebook design
According to the WID, the newly supported number of non-precoded CSI-RS ports is restricted to the set of {20, 24, 28, 32}. Table 1 shows all possible port layouts and associated () combinations for the newly supported number of non-precoded CSI-RS ports under X-Pol antenna array. An example on the possible port layouts for 32 CSI-RS ports is also shown in Figure 1 below.
Table 1 Possible 1D/2D layout for {20, 24, 28, 32} non-precoded CSI-RS ports
	Number of CSI-RS ports
	1D
	2D

	20
	(10,1)
	(2,5), (5,2)

	24
	(12,1)
	(2,6), (6,2), (3,4), (4,3)

	28
	(14,1)
	(2,7), (7,2)

	32
	(16,1)
	(2,8), (8,2), (4,4)
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Figure 1: Possible 1D/2D layout for non-precoded CSI-RS 32-ports
If all the above (N1, N2) combinations are supported for new codebook design, it could mean that 15x4x2=120 codebooks will be designed in Rel-14, where we assume 8 different codebook sets based on two set of (O1, O2) and four codebook “Config” are associated with each (N1, N2) combination. Compared to Rel-13 for which a total of 48 codebooks, e.g., 6x4x2, were designed, the number of codebook in Rel-14 is increased more than 2 times. Although the specification efforts can be minimized by reusing most Rel-13 codebook design methodology, RAN4 performance testing and UE implementation efforts can still be very high. It is not clear whether all these port layouts will be used in a real network deployment, such as 7 vertical ports. Therefore, it is desirable to down-select a subset from all possible (N1, N2) combinations for Rel-14 codebook design.
Proposal 1: Study the supported (N1, N2) configurations for Rel-14 codebook design.
Codebook design for newly supported number of CSI-RS ports 
A scalable codebook design framework was introduced in Rel-13, for which a codebook is configured by a set of RRC parameters to support a variety of port layouts. Therefore, a straightforward solution for Rel-14 codebook design for {20, 24, 28, 32} ports is to extend the Rel-13 codebook by introducing additional (N1, N2) combinations. Some investigations may be needed, e.g., determining the set of (O1, O2) for new (N1, N2) combinations, but in principle the existing parameter values can be reused. 
We evaluate the performance of codebook extension for {20, 24, 28, 32} and compare to the baseline 16-port. For all the simulations, there are the same number of ports on the vertical dimension, e.g., two ports virtualized from 8 elements but a different number of ports on the horizontal dimension, e.g., {4, 5, 6, 7, 8} respectively. The codebook “Config” 2 is used with an oversampling factor of 8 on both dimensions. FTP traffic is assumed with a packet arrival rate =4.2 which is corresponding to 50% resource utilization for 16-ports baseline. SU-MIMO with max rank 2 is used. Detailed simulation assumption can be found in the appendix. 
Results are reported for 3D UMi with ISD 200m. Figure 2 shows the gain of the larger number of CSI-RS ports on the system loading (resource utilization), cell edge and mean user throughput over the baseline 16-ports. As expected, notable gains can be observed by increasing the number of CSI-RS ports. For example, system loading is reduced by 14% and cell edge user throughput improved by 40% for 32-ports of (2, 8, 2) over the baseline 16-ports of (2, 4, 2). The evaluation results seem to justify the feasibility of extending Rel-13 codebook for {20, 24, 28, 32} ports. 
 

Figure 2 System performance gains over baseline (16 CSI-RS ports) @ 3D UMi-200m, SU-MIMO
Although the extension of Rel-13 codebook to additional (N1, N2) combinations may work for the newly supported number of non-precoded CSI-RS ports, it may not be sufficient for achieving the optimal performance. A big difference between Rel-13 and Rel-14 is that Rel-14 codebook design needs to support a larger number of antenna ports and a larger antenna array, such as 32 ports of 16 columns x-pol antenna array. It is known that the beam width is reduced with the increase of array form factor, and the beam width of 32-ports may be only a half of that of 16-ports. If the same codebook “Config” is reused it could mean the effective DoA range covered by a set of beams in W1 codebook is significantly reduced. Using a small oversampling factor such as 2 may increase effective range but at the price of a loss of beam granularity. It is also concluded in the study item that significant performance loss is observed for an oversampling factor of 2. Therefore, to avoid performance degradation for relatively large ASD/ESD, a new codebook “Config” with a larger number of L1 and L2 may need to be designed for the newly supported number of CSI-RS ports. But this implies to design new W1 and W2 codebooks.
On the other hand, enhanced hybrid CSI-RS will be supported in Rel-14, which utilizes both non-precoded and beamformed CSI-RS for CSI reporting. For hybrid CSI-RS operation, UE reports a long-term/wideband precoding matrix W1 measured on the non-precoded CSI-RS and a short-term/subband precoding matrix W2 as well as RI and CQI based on the beamformed CSI-RS [2]. The W1 precoding matrix can be based on class A W1 codebook and W2 precoding matrix can reuse class B K=1 W2 codebook. Therefore, only W1 codebook is needed for 20, 24, 28 and 32 ports for hybrid CSI-RS operation. Another benefit for hybrid CSI-RS is its potential capability to reduce CSI-RS overhead since the non-precoded CSI-RS with a large number of antenna ports is transmitted less frequently with a low duty cycle. The saving on CSI-RS overhead is much more beneficial for a network deployed with a larger number of antenna ports such as 32. Therefore, for the newly supported number of non-precoded CSI-RS ports, e.g., {20, 24, 28, 32}, our preference is to design only W1 codebook combined with hybrid CSI-RS operation.
System level simulations are conducted to compare the performance of the non-precoded and hybrid CSI-RS for 16-ports of a port layout (2, 4, 2). In the simulation, we assume the Class A non-precoded CSI-RS is transmitted every 5ms, and for hybrid CSI-RS, the transmission periodicity of the non-precoded and beamformed CSI-RS is 50ms and 5ms, respectively. Np=4 is assumed for beamfomred CSI-RS. 
[bookmark: _GoBack]Figure 2 shows the performance gain of hybrid CSI-RS over the non-precoded CSI-RS for RU=20%. We can see moderate gains are observed for both 3D UMa and UMi. For 20% RU, the average number of active UEs per cell is about 1.31, and for Np=4, it means the overhead of beamformed CSI-RS is only 5.24 REs/RB/5ms which is much lower than 16 REs/RB/5ms for class A non-precoded. The reduced CSI-RS overhead contributes to user throughput improvement. It is expected that the gain of hybrid CSI-RS over the non-precoded CSI-RS will be higher for a larger number of non-precoded CSI-RS ports, such as 32 ports. 

Figure 2 Gain of Hybrid CSI-RS over Non-precoded CSI-RS @ 16-ports, SU/MU-MIMO
Proposal 2: Consider only W1 codebook design for the newly supported number of non-precoded CSI-RS ports 
Conclusion
In this contribution, we discuss codebook enhancements for Rel-14 eFD-MIMO. We have the following proposals.
Proposal 1: Study the supported (N1, N2) configurations for Rel-14 codebook design.
Proposal 2: Consider only W1 codebook design for the newly supported number of non-precoded CSI-RS ports 
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Appendix
Table 1 System simulation assumptions
	Parameter
	Value

	Scenario
	3D-UMi (200m ISD) 

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	eNB Antenna configuration
	
	CSI-RS ports number
	(M, N, P, MTxRU, NTxRU)

	16
	(8,4,2,2,4)

	20
	(8,5,2,2,5)

	24
	(8,6,2,2,6)

	28
	(8,7,2,2,7)

	32
	(8,8,2,2,8)




	Codebook configuration
	(N1,N2) = (MTxRU, NTxRU), (O1,O2) = (8,8), Config = 2

	UE antenna configuration
	2 RX with X-Pol

	UE mobility 
	3km/h

	Traffic model
	FTP (4Mb per packet, 20%, 50% and 70% RU)

	UE association
	RSRP on CRS port0 with 3dB handover margin

	MIMO configuration
	Dynamic SU/MU: rank adaptation
Up to 2 layers for each UE and up to 4 layers per cell

	Scheduling algorithm
	PF

	Receiver
	MMSE-IRC receiver

	CSI feedback 
	PUSCH Mode 3-2, 5ms CSI delay

	Overhead
	CRS, PSS/SSS, DMRS, PCFICH, PDCCH, CSI-RS(ports number dependent)



20port	
Cell loading reduction	Cell edge throughput gain	Cell average throughput gain	5.7496036794900118E-2	0.12314540059347179	7.9741873671321351E-2	24port	
Cell loading reduction	Cell edge throughput gain	Cell average throughput gain	9.446965069559321E-2	0.24917491749175058	0.13449372976885599	28port	
Cell loading reduction	Cell edge throughput gain	Cell average throughput gain	0.11423277417244204	0.29845626072041331	0.16241093433994092	32port	
Cell loading reduction	Cell edge throughput gain	Cell average throughput gain	0.14179961074790737	0.39667896678966841	0.21464832901530873	



Cell edge throughput gain	
UMI	UMA	6.5596140018673532E-2	4.099288861008743E-2	Cell average throughput gain	
UMI	UMA	2.0279727308127438E-2	2.5548475407767723E-2	
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