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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. 
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 with 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 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” based on 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.
Figure 2 shows some examples for large beam group design. In these examples, (L1, L2) = (2,8) is assumed. The first is extended from the existing Config3 by introducing more beams in a beam group. 5 bits feedback for W2 is required to select one of 8 beams and polarization co-phasing. In another example, the number of beams in the group is same as the legacy but four beams are not uniformly distributed in the 2D grid. As shown in Figure 2 four beams are divided into two groups each containing two adjacent beams, and the two groups are separated by a gap of two beams. The benefit of the second option is to maintain same W2 feedback overhead but provide large beam coverage compared to legacy Rel-13 codebook.
[image: ]
Figure 2: Examples of new W1/W2 design with large beam group
Alternatively, UE specific beam group design can be considered since not all the UEs in the cell demand large beam coverage. For small angular spread channel the legacy W1/W2 design can be reused without performance loss. An enlarged W1 beam group is beneficial for large angular spread channel but may be restricted due to the increase of W2 feedback overhead. Therefore, it is preferable to have UE to select small or large beam group according to the experienced channel angular spread. For example, as shown in Figure 3, there are two options to select four beams from a grid of beams with (L1, L2) = (2,8). The two options for beam selection are differentiated by the inter-beam spacing, e.g., (p1, p2) = (1,1) and (2,1) for the left and right figures, respectively. The first option provides more beam granularity when channel angular spread is small, and the second provides sufficient angular coverage thus better supports large angular spread channel. For both options, other codebook parameters such as (s1, s2) and (O1, O2) are same. Therefore total W1/W2 overhead is same for both options. 
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Figure 3: W1 with adaptive inter-beam spacing (p1, p2) 
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, W1 feedback is based on the non-precoded CSI-RS and W2 feedback is based on the beamformed CSI-RS. Compared to standalone non-precoded CSI-RS, the W2 feedback for hybrid CSI-RS is limited to maximum 4 bits according to Rel-13 Class B codebook. Additional benefit for hybrid CSI-RS is to reduce CSI-RS overhead since the beamformed CSI-RS resources can be dynamically shared among multiple UEs. Therefore, enhanced W1/W2 codebook design with large W2 feedback overhead for Class A non-precoded CSI-RS shall be well justified by significant performance benefits over hybrid CSI-RS. If no significant performance gain is achieved our preference is to enhance only W1 codebook for non-precoded CSI-RS ports {20, 24, 28, 32} for hybrid CSI-RS operation.
Performance Evaluation 
In this section, we will provide initial evaluation results of different codebook design options for the newly supported number of non-precoded CSI-RS ports. The baseline is an extension of Rel-13 codebook Config3. Three codebook enhancements are considered in the evaluation: 
· Alt. 1: the large W1 beam group and 5-bits W2 as shown in Figure 2 (left)
· Alt. 2: the large W1 beam group and 4-bits W2 as shown in Figure 2 (right)
· Alt. 3: Adaptive inter-beam spacing as shown in Figure 3
In the evaluation, two antenna array (8, 4, 2) and (4, 8, 2) are considered. Both are virtualized to 32-ports, but with different port layout, e.g., (4, 4, 2) and (2, 8, 2) respectively. (O1, O2) = (4, 4) is used for all the codebooks. The same (s1,s2) = (2,2) is used for all codebook options except for Alt. 1 for which (s1,s2) = (4,2) is used.  FTP traffic is assumed with a packet arrival rate =4.2 corresponding to 50% resource utilization for 32-ports baseline. Other simulation assumption are based on [2].
Table 2 shows the system performance for (4, 4, 2) port layout with 32-ports under 3D UMa and 3D UMi. It can be seen that Alt. 2 with 4-bits W2 has a much higher gain in both mean and cell edge throughput than other two codebook enhancement under 3D-UMa, and comparable performance under 3D-UMi. Alt. 1 with 5-bits W2 does not perform well, and the possible reason that a large beam group spacing s1 = 4 is used which may decrease W1 granularity. Alt. 3 with two (p1, p2) outperforms Alt. 2 with 4bits W2 due to adaptive selection of inter-beam spacing according to channel angular spread.
Table 2: Non-full buffer simulation results for 32-ports with (4, 4, 2) port layout
	32TxRU, (4,4,2), (O1,O2) = (4,4)
	Baseline (Config3)
	Alt. 1 with 5bits W2
	Alt. 2 with 4bits W2
	Alt. 3 with two (p1, p2)

	3D UMa   ISD 200m
	5%-tile (Mbps)
	8.13
	8.6768 (6.73%)
	8.85 (8.85%)
	8.602 (5.81%)

	
	50%-tile (Mbps)
	21.739
	 21.978 (1.1%)
	22.6 (3.96%)
	22.599 (3.96%)

	
	Mean (Mbps)
	25.852
	26.355 (1.95%)
	26.84 (3.81%)
	26.77 (3.55%)

	3D UMi    ISD 200m
	5%-tile (Mbps)
	8.457
	8.639 (2.16%)
	8.51 (0.63%)
	8.602 (1.72%)

	
	50%-tile (Mbps)
	23.39
	24.242 (3.64%)
	23.39     (0%)
	24.096 (3.02%)

	
	Mean (Mbps)
	27.90
	28.382 (1.73%)
	28.128 (0.82%)
	28.522 (2.23%)



Table 3 shows the system performance for (2, 8, 2) port layout with 32-ports under 3D UMa and 3D UMi. Similar observation can be made for Alt. 2. The cell edge throughput gain is much larger compared to (4, 4, 2) port layout, e.g., more than 11% for 3D UMa. This is because more antenna ports are now on the horizontal dimension.   
Table 3: Non-full buffer simulation results for 32-ports with (2, 8, 2) port layout
	32TxRU, (2,8,2), (O1,O2) = (4,4)
	Baseline (Config3)
	Alt. 1 with 5bits W2
	Alt. 2 with 4bits W2
	Alt. 3 with two (p1, p2)

	3D UMa   ISD 200m
	5%-tile (Mbps)
	7.905
	8.368 (5.9%)
	8.772   (11%)
	8.584 (8.6%)

	
	50%-tile (Mbps)
	21.98
	 22.857 (4.0%)
	23.256 (5.81%)
	22.86 (4.0%)

	
	Mean (Mbps)
	26.38
	27.005 (2.37%)
	27.58 (4.55%)
	27.06 (2.58%)

	3D UMi    ISD 200m
	5%-tile (Mbps)
	8.97
	9.5012 (5.9%)
	9.1533 (2.04%)
	9.3897 (4.68%)

	
	50%-tile (Mbps)
	25.48
	25.478   (0%)
	25.806 (1.28%)
	26.144 (2.61%)

	
	Mean (Mbps)
	29.85
	30.159 (1.03%)
	30.175 (1.09%)
	30.585 (2.46%)



Observation 1: Under 3D UMa, Alt. 2 with 4bits W2 achieves the best performance for both mean and cell edge throughput.
Observation 2: Under 3D UMi, Alt. 3 with two (p1, p2) performs better than Rel-13 codebook extension and Alt. 2 under the same W2 feedback overhead.
Based on the above observations we have the following proposal:
Proposal 2: 4-bits W2 is maintained for Rel-14 non-precoded CSI-RS codebook design.
Proposal 3: Consider both Alt. 2 with 4bits W2 and Alt. 3 with two (p1, p2) as potential codebook enhancement options for the newly supported number of non-precoded CSI-RS ports.
In addition, we compare the performance of hybrid CSI-RS and standalone non-precoded CSI-RS for RU=50%. We assume the non-precoded CSI-RS for Class A is transmitted every 5ms, and for hybrid CSI-RS, the periodicity of the non-precoded and beamformed CSI-RS is 50ms and 5ms, respectively. Np=4 is used for beamfomred CSI-RS. For 50% RU, the average number of active UEs per cell during packet transmission interval is about 1.79 and 1.84 for 3D UMi and UMa, respectively. This means the total overhead of hybrid CSI-RS is only 10.36 REs/RB/5ms for 3D UMi which contributes about 4.3% user throughput improvement. Figure 2 shows the overall gain of hybrid CSI-RS over Class A with Rel-13 codebook extension for 32-ports. It is can be seen that the gain is slightly better than the proposed W1/W2 codebook enhancement. Therefore, RAN1 needs to study whether it is necessary to enhance codebook for the newly supported number of non-precoded CSI-RS ports if enhanced hybrid CSI-RS is supported in Rel-14.

Figure 2 Gain of Hybrid CSI-RS over Non-precoded CSI-RS @ 32-ports (4,4,2) layout, SU/MU
Observation 3: The gain of hybrid CSI-RS using Rel-13 codebook extension is comparable to the codebook enhancement with large beam group.
Proposal 4: RAN1 needs to study the necessity to enhance codebook for the newly supported number of non-precoded CSI-RS ports if enhanced hybrid CSI-RS is supported in Rel-14.
Conclusion
In this contribution, we discuss codebook enhancements for Rel-14 eFD-MIMO. We have the following observations.
Observation 1: Under 3D UMa, Alt. 2 with 4bits W2 achieves the best performance for both mean and cell edge throughput.
Observation 2: Under 3D UMi, Alt. 3 with two (p1, p2) performs better than Rel-13 codebook extension and Alt. 2 under the same W2 feedback overhead.
Observation 3: The gain of hybrid CSI-RS using Rel-13 codebook extension is comparable to the codebook enhancement with large beam group.
Based on the above observations we have the following proposal:
Proposal 1: Study the supported (N1, N2) configurations for Rel-14 codebook design.
Proposal 2: 4-bits W2 is maintained for Rel-14 non-precoded CSI-RS codebook design.
Proposal 3: Consider both Alt. 2 with 4bits W2 and Alt. 3 with two (p1, p2) as potential codebook enhancement options for the newly supported number of non-precoded CSI-RS ports.
Proposal 4: RAN1 needs to study the necessity to enhance codebook for the newly supported number of non-precoded CSI-RS ports if enhanced hybrid CSI-RS is supported in Rel-14.
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Cell edge throughput gain	
3D-UMi	3D-UMa	3.1E-2	9.2999999999999999E-2	Mean throughput gain	
3D-UMi	3D-UMa	4.2999999999999997E-2	6.9000000000000006E-2	



1/6

image2.emf
1

st

dimbeams

0

1 1 3

0 2

0 1 2 3

5 7

4 6

4 5 6 7

2

n

d

d

i

m

b

e

a

m

s

1

st

dimbeams

0

1 0 1

0 1 2 3

2 3

4 5 6 7

2

n

d

d

i

m

b

e

a

m

s


image3.emf
1

st

dimbeams

0

1 1 3

0 2

0 1 2 3 4 5 6 7

2

n

d

d

i

m

b

e

a

m

s

1

st

dimbeams

0

1

0 1 2 3 4 5 6 7

2

n

d

d

i

m

b

e

a

m

s

1

0

3

2


