
Page 4
Draft prETS 300 ???: Month YYYY

[bookmark: _GoBack]3GPP TSG-RAN WG1 #87ah-NR	R1-1700760
Spokane, WA, USA, 16th – 20th January, 2017

Source:	Ericsson
Title:	On Supported Codebook Sizes
Agenda Item:	5.1.2.2
Document for:	Discussion and Decision
Introduction
In RAN1#87, the following agreements/working assumptions were made with regards to the number of CSI-RS ports and codebook sizes supported in NR [1]:
Agreements:
· In NR, a UE can be configured with a CSI-RS resource configuration with X ports
· Supported values of X are up to at least 32
· NR supports up to at least 32 port codebook
· FFS: Codebook design
· Study the potential benefits of 64 ports

Working assumptions:
· For Type I,  CSI feedback using a PMI codebook for X CSI-RS ports is supported
· Supported values of X are at least 1,2,4,8,12,16,[24],32
· Note: For X=1, Type I does not have PMI feedback
· Support for other values of X is not precluded
· Note the number of ports in CSI-RS resource configuration may not be the same with the number of ports in the PMI codebook


In this contribution, we discuss further these aspects on the supported codebook sizes in NR.
[bookmark: _Ref178064866]Discussion
An open issue from last meeting is on the number of antenna ports in the brackets (1, 2, 4, 8, 12, 16, [24], 32).  The question is whether the additional support of 24 CSI-RS ports is needed for the CSI-RS configuration or whether CSI-RS resources with X = 1, 2, 4, 8, 12, 16, 32 ports is sufficient for NR.
The port layout and thus the number of antenna ports is influenced on the expected user distribution in the TRP coverage area. In scenarios with low rise buildings it has been shown in LTE evaluations that placing as many antenna ports as possible in the 1D horizontal dimension provides better performance than the 2D antenna port layout. This is natural since there is less need for vertical beam adaptation. In other scenarios e.g. in high rise environment, the port layout is likely vertical 1D or 2D.  Hence, 1D port layouts are likely to be used in many cases and the step between 16 and 32 ports could be too large when it comes to the dimensions on the physical antenna since in this step the length or height of the antenna doubles. In some cases, the 24 port 1D or 2D port layouts could give just the right size for the actual carrier frequency and typical deployment.
Performance Comparison between 16, 24, and 32 Port Codebooks
The system performance of different number of antenna ports (16, 24, 32) and port layouts are presented under the 3D UMa scenario in Tables 1-2. In the results presented in Tables 1-2, a 2x1 subarray virtualization is utilized and the LTE Rel-13/Rel-14 Config 1 codebook with the corresponding number of ports is used.  More detailed simulation assumptions can be found in Appendix A.  Using the 16 port case as the baseline, it can be seen that for 32 antenna ports, the cell-edge gains ranges from 59% to 64% at 50-percentile RU and from 106% to 123 % at 70-percentile RU.  The cell-edge gains for 24 ports is somewhere in between and ranges from 33% to 41% at 50-percentile RU and from 59% to 78% at 70-percentile RU.  Similarly, it is observed that the mean user throughput gains for 24 ports are somewhere in between the mean user throughput gains for 32 ports.  So if only 16 and 32 ports are supported, there would be a large performance gap if 32 port antenna could not be deployed due to antenna size constraints and only an antenna with 16 ports could be deployed.

[bookmark: _Toc471734036]Supporting only 16 and 32 ports would leave a large performance gap if an antenna with 32 ports could not be deployed due to antenna size constraints. 

Table 1: 3D UMa 2D Wide Array Results
	Baseline RU
	50%
	70%

	Antenna
	4×4
	4×6
	4×8
	4×4
	4×6
	4×8

	Number of Antenna Ports
	16
	24
	32
	16
	24
	32

	Mean User Throughput Gain
	0%
	19%
	27%
	0%
	35%
	50%

	Cell-Edge User Throughput Gain
	0%
	41%
	64%
	0%
	78%
	123%



Table 2: 3D UMa 2D Tall Array Results
	Baseline RU
	50%
	70%

	Antenna
	8×2
	12×2
	16×2
	8×2
	12×2
	16×2

	Number of Antenna Ports
	16
	24
	32
	16
	24
	32

	Mean User Throughput Gain
	0%
	14%
	23%
	0%
	27%
	40%

	Cell-Edge User Throughput Gain
	0%
	33%
	59%
	0%
	59%
	106%




Performance Comparison with Approaches without 24 Port Codebook
We next compare the performance of the 24-port codebook to two approaches that do not rely on the 24 port codebook.  The two approaches that do not rely on the 24 port codebook are summarized below:
· Approach 1:  Non-precoded CSI-RS (i.e., Class A) using a mismatched codebook where the number of ports in the codebook is larger than the number of ports that are actually deployed.  With this type of mismatched codebook, the gNB transmits CSI-RS on the used ports (i.e., the number of ports actually deployed) and does not transmit CSI-RS on the unused ports.  The UE measure the channel on all ports (including used and unused ports).  As shown in Figure 1(a), for a 4×6 array with 2x1 virtualization, the UE is configured with a mismatched codebook corresponding to a 32-port 2×8 layout.  For a 12×2 array with 2×1 virtualization, the UE is configured with a mismatched codebook corresponding to a 32-port 8x2 layout as shown in Figure 1(b). 
· Approach 2:  Applying precoded CSI-RSs such that each precoded CSI-RS is beamformed in different directions in the horizontal or vertical domain (i.e., Class B).  As shown in Figure 2(a), for a 4×6 array with 2×1 virtualization, we place K = 6 beams horizontally with 4 CSI-RS ports per beam.  For a 12×2 array with 2×1 virtualization, we place K = 6 beams vertically with 4 CSI-RS ports per beam as shown in Figure 2(b).

It should be noted that Approach 2 has the same amount of CSI-RS overhead when compared to the 24-port codebook (i.e., 24 ports will be required in both cases).  However, with Approach 1, the UE measures the channel on all CSI-RS ports including the used and unused ports.  Hence, Approach 1 will have a higher CSI-RS overhead when compared to the 24-port codebook.  The overhead associated with Approach 1 corresponds to the overhead associated with 32 port CSI-RS.
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	(a)
	(b)


[bookmark: _Ref471228524]Figure 1: Simulated cases for Approach 1 with 24-port layouts. For Case (a) a 2×6 port layout is mismatched with a 32-port 2×8 layout codebook.  For Case (b) a 6×2 port layout is mismatched with a 32-port 8×2 layout codebook.
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[bookmark: _Ref471218289]Figure 2: Simulated cases for Approach 2 with 24-port layouts. For Class B operation there are (a) 6 DFT beams in the horizontal dimension and (b) 6 DFT beams in the vertical dimension, both with 4 ports/beam.

In Tables 3-4, the performance of the two approaches that do not rely on the 24-port codebook is compared to the performance of the 24-port codebook.  From the results in these tables, it can be clearly seen that Approach 2 of using precoded CSI-RS (Class B) suffers a performance loss due to the reduced quality of the channel estimate resulting from the constraint that the channel estimate must lie within one of the subspaces spanned by the set of precoded CSI-RSs.  Furthermore, Approach 1 of using a mismatched 32-port codebook also suffers performance losses due to unnecessary interference/noise leakage in the unused CSI-RS ports.  This is because the UE measures interference/noise at the unused ports which can affect the PMI/CQI estimation depending on the severity of interference/noise leakage.

[bookmark: _Toc471734037]The approach of utilizing precoded CSI-RS for 24 ports has a performance loss compared to the non-precoded CSI-RS for 24 ports with a 24 port codebook for all the simulated cases. 
[bookmark: _Toc471734038]The approach of utilizing a  32 ports codebook  for an actually deployed antenna array of 24 ports also suffers performance losses.

[bookmark: _Ref471235213]Table 3: Comparison with Approaches without 24 Port Codebook for 3D UMa 2D Wide Array
	Baseline RU
	50%
	70%

	
	Baseline (Class A – 24-port 2×6 Codebook)
	Approach 1 (Class A – Figure 1a)
	Approach 2 (Class B – Figure 2a)
	Baseline (Class A – 24-port 2×6 Codebook)
	Approach 1 (Class A – Figure 1a)
	Approach 2 (Class B – Figure 2a)

	Mean User Throughput Gain
	0%
	-5%
	-11%
	0%
	-13%
	-26%

	Cell-Edge User Throughput Gain
	0%
	-8%
	-22%
	0%
	-22%
	-38%



[bookmark: _Ref471235221]Table 4: Comparison with Approaches without 24 Port Codebook for 3D UMa 2D Tall Array
	Baseline RU
	50%
	70%

	
	Baseline (Class A – 24-port 6×2 Codebook)
	Approach 1 (Class A – Figure 1b)
	Approach 2 (Class B – Figure 2b)
	Baseline (Class A – 24-port 6×2 Codebook)
	Approach 1 (Class A – Figure 1b)
	Approach 2 (Class B – Figure 2b)

	Mean User Throughput Gain
	0%
	-5%
	-3%
	0%
	-13%
	-6%

	Cell-Edge User Throughput Gain
	0%
	-8%
	-6%
	0%
	-23%
	-9%



Based on the observations in this section, we make the following proposals:

[bookmark: _Toc471244992][bookmark: _Toc471248258][bookmark: _Toc465173897][bookmark: _Toc471734039]Confirm the working assumption on the supported number of CSI-RS ports for Type I CSI feedback and remove the brackets around the value 24.
[bookmark: _Toc471244993][bookmark: _Toc471248259][bookmark: _Toc465176084][bookmark: _Toc465884552][bookmark: _Toc465884564][bookmark: _Toc471171304][bookmark: _Toc471198207][bookmark: _Toc471206993][bookmark: _Toc471215461][bookmark: _Toc471219001][bookmark: _Toc471224312][bookmark: _Toc471229571][bookmark: _Toc471235034][bookmark: _Toc471235194][bookmark: _Toc471734040]The number of CSI-RS ports supported for Type I CSI feedback includes at least 1, 2, 4, 8, 12, 16, 24, 32.

Conclusions
In this contribution we made the following observations:
Observation 1	Supporting only 16 and 32 ports would leave a large performance gap if an antenna with 32 ports could not be deployed due to antenna size constraints.
Observation 2	The approach of utilizing precoded CSI-RS for 24 ports has a performance loss compared to the non-precoded CSI-RS for 24 ports with a 24 port codebook for all the simulated cases.
Observation 3	The approach of utilizing a  32 ports codebook  for an actually deployed antenna array of 24 ports also suffers performance losses.

Based on the discussion in this contribution, we propose the following:

Proposal 1	Confirm the working assumption on the supported number of CSI-RS ports for Type I CSI feedback and remove the brackets around the value 24.
Proposal 2	The number of CSI-RS ports supported for Type I CSI feedback includes at least 1, 2, 4, 8, 12, 16, 24, 32.
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Appendix
	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa

	Antenna Configurations
	(M, N):
16 ports:  4x4, 8x2 
24 ports:  4x6, 12x2
32 ports:  4x8, 16x2
2x1 virtualization, 3D UMa (122° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE Rx antenna
	Two cross polarized isotropic antennas

	UE noise figure 
	9 dB

	eNB Tx power 
	46dBm (3D UMa)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for
Channel estimation error modeled.

	Class A Codebook
	Rel-13 class A and extension, config 1, O1=O2=4

	Class B
	6 DFT beams in one dimension and Rel-12 4 port codebook in the other dimension

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
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