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Introduction
[bookmark: _GoBack]Advanced CSI reporting has been introduced as part of Rel-14 eFD-MIMO.  Given that codebook subset restriction (CBSR) is deemed necessary for Class A FD-MIMO reporting and that CBSR is introduced for Type II CSI in NR, it makes sense to also support codebook subset restriction for advanced CSI. 
In RAN1#90bis, this issue was discussed and the following conclusions were made:
Conclusion:
· Accept codebook subset restriction for Advanced CSI and Hybrid CSI for both eMIMO types under TEI-15
Observations: 
· Alt 1: Beam restriction, restricting both strong and weak beams together
· Alt 2: Joint beam/power restriction as in R1-1718918
· Different views on performance gain from including the per-beam power restriction
· Some companies have concerns on:
· complexity of joint beam/power search
· restriction of flexibility of beam restriction for a given signalling overhead
· Alt 3: Two beam restriction bit maps, independently restricting the strong and weak beams. 
· Concerns on the signalling overhead
Next steps: 
· Further evaluate the potential gains of Alt 2 and Alt 3 joint beam/power restriction under the assumption of the same signalling overhead as beam-only restriction. 
· Aim to provide simulation results by 3rd November so that further email discussion can take place before RAN1#91. 

In RAN1#91, this issue was further discussed (without conclusion) and two WFs was presented:
1. WF R1-1721297 proposing a variant of Alt 2 above
1. WF R1-1721266 proposing that CBSR for adv. CSI CB is not supported in Rel. 15

In this contribution, we discuss the pros and cons of the different alternatives for CBSR and provide simulation results motivating the need for CBSR for Advanced CSI codebook.

Discussion on the proposed schemes
It has been agreed to support CBSR for advanced CSI codebook. A number of alternatives are up for discussion.
Alternative 1
In Alt 1, the DFT beam restriction of Class A codebook is reused for Advanced CSI CBSR, where the signalling consists of a bitmap of   bits where each bit restricts an individual 2D DFT beam. If a certain beam is restricted it cannot be used for either the weak beam or the strong beam of the advanced CSI precoder. Since this alternative has the ability to restrict all possible 2D beams, full flexibility is maintained and the CBSR can be perfectly aligned with the Class A CBSR. This is useful, since the Class A codebook is used for RI>2 reporting even with Advanced CSI codebook. Furthermore, codebook search complexity is not increased since standard beam selection method can be applied. For instance, the UE can for each set candidate value of rotation factors  perform 2D DFT transformation of the wideband covariance matrix and select the two strongest beams which have not been restricted by the CBSR, calculate the channel energy in those beam components, and choose the beams and rotation factors which yields the highest channel energy.
Alternative 2
In Alt 2, joint beam / power restriction is performed based on first selecting P=4 size- beam groups with a first bitmap, and then restricting the maximum allowed power value for each beam in the selected beam groups, with 4 additional bitmaps. As this is a rather complex operation, we illustrate it in Figure 1 below. As can be seen, Alt 2 limits the flexibility slightly of CBSR by only allowing 4 out of the 16 beam groups to have the possibility to be restricted. In some scenarios, this could limit system performance as interference in some directions cannot be avoided. In addition, the joint restriction of power and beam direction complicates the codebook search, as beam selection and power selection is no longer decoupled and the UE must make beam selection conditioned on power restriction. On the other hand, Alt 2 achieves both beam and power restriction which may be useful in some scenarios and additionally the scheme is sued for Type II CBSR in NR.
[image: ]
Figure 1: Illustration of joint beam/power restriction with Alt 2
As a compromise solution, we also offer a variant of Alternative 2 which also uses joint beam/power restriction but instead of grouping beams in blocks of size (N1,N2), the beams are grouped in blocks of (O1,O2). Instead of selecting P=4 beam groups and applying restriction on each individual beams in these groups, restriction is made on a beam group level and all beam groups can be restricted (not only P=4). This alternative allows for all beams to be restricted but decreases the granularity a bit since all beams in the group are jointly restricted. However, this also reduced the signaling overhead. The alternative is described in detail as follows:
Alternative 2B:
· Support DFT beam restriction based on DFT beam groups 
· Partition  DFT beams into  beam groups  comprising  adjacent beams
·  is the bottom-left DFT beam of the group, , 
· The group is defined as: 
· CBSR is configured via 
· 
·  is a length-2 bitmap and restricts DFT beams and associated maximum WB amplitude coefficients in  
· For all of the  beams in the beam group, a 2-bit indicator is used for amplitude restriction
· For rank1~2, the associated WB amplitude coefficients for each layer and polarization of a beam shall be at most the indicated  value
· For rank3~8, a beam is restricted when the associated value of bit pair is not equal to ’11’
· Total length of  and  =
Table 1: Beam power restriction
	Value of bit pair
	Max WB beam power 

	00
	0

	01
	

	10
	

	11
	1



This issue has been discussed for many meetings in RAN1 and while it has been agreed to introduced CBSR for advanced CSI under TEI-15 and many companies have shown simulation results proving the benefit, no consensus has been reached on which scheme to select. In our view, any of the above discussed schemes are good candidates for advanced CSI CBSR. We slightly prefer Alt 1, then Alt 2B and as third preference Alt 2.
[bookmark: _Toc506568801]For Advanced CSI CBSR, support either of Alt1, Alt 2B or Alt 2 described above
Simulation Results 
In this section, we present evaluation results for the advanced CSI codebook in the 3GPP 3D UMa scenario with 8x1, 8x2 and 16x1 antennas, respectively. The baseline scheme uses no CBSR and cell association based on one-TXRU pattern. Two systems with the proposed CBSR, according to Scheme 1 in the assumptions, are evaluated. The first system aligns the cell association pattern with the restricted codebook (Opt. 1) while the second system uses one-TXRU cell association pattern (Opt. 2). To verify that the performance gains are due to the CBSR and not the cell association alone, we also simulated the baseline scheme with Opt. 1 cell association using the same cell association signal as the second CBSR system. All aforementioned systems use 1x1 antenna virtualization. To verify that better performance cannot be obtained via virtualization, we also simulated the baseline system with 2x1 virtualization. Other simulation assumptions are according to the Appendix.
The results are presented in Tables 1-3 below. For all evaluated antenna setups, the proposed CBSR scheme 1 increases performance over the baseline, significantly with Opt. 2 cell association (except for 16x1 antenna) and substantially for Opt. 1 cell association. Neither using 2x1 virtualization or Opt. 1 cell association alone without CBSR can match the performance of the proposed CBSR scheme.
Table 2: Simulation results for UMa, 8x1 antenna, 50%RU
	Scheme
	Cell edge throughput [bps/Hz/user]
	Normalised User Throughput [bps/Hz/user]
	Cell edge gain [%]
	Normalized user throughput gain [%]

	Opt 2. Cell Selection + No CBSR
	0.30307
	1.6784
	0
	0

	Opt 2. Cell Selection + Proposed CBSR Scheme 1
	0.31834
	1.8975
	5
	13

	Opt 1. Cell Selection + Proposed CBSR Scheme 1
	0.57506
	2.3077
	90
	37

	Opt 1. Cell Selection + No CBSR
	0.2065
	1.5043
	-32
	-10

	2x1 virtualization + Opt 2. Cell Selection + No CBSR
	0.29063
	1.6419
	-4
	-2



Table 3: Simulation results for UMa, 8x2 antenna, 50%RU
	Scheme
	Cell edge throughput [bps/Hz/user]
	Normalised User Throughput [bps/Hz/user]
	Cell edge gain [%]
	Normalized user throughput gain [%]

	Opt 2. Cell Selection + No CBSR
	0.37765
	1.8752
	0
	0

	Opt 2. Cell Selection + Proposed CBSR Scheme 1
	0.3982
	2.0581
	5
	10

	Opt 1. Cell Selection + Proposed CBSR Scheme 1
	0.62348
	2.4169
	65
	29

	Opt 1. Cell Selection + No CBSR
	0.2797
	1.7438
	-26
	-7

	2x1 virtualization + Opt 2. Cell Selection + No CBSR
	0.37578
	1.8729
	0
	0



Table 4: Simulation results for UMa, 16x1 antenna, 50%RU
	Scheme
	Cell edge throughput [bps/Hz/user]
	Normalised User Throughput [bps/Hz/user]
	Cell edge gain [%]
	Normalized user throughput gain [%]

	Opt 2. Cell Selection + No CBSR
	0.35033
	1.829
	0
	0

	Opt 2. Cell Selection + Proposed CBSR Scheme 1
	0.27678
	1.752
	-21
	-4

	Opt 1. Cell Selection + Proposed CBSR Scheme 1
	0.52479
	2.2717
	50
	24

	Opt 1. Cell Selection + No CBSR
	0.26338
	1.7055
	-25
	-7

	2x1 virtualization + Opt 2. Cell Selection + No CBSR
	0.32593
	1.791
	-7
	-2



[bookmark: _Toc506568799]The proposed beam-based CBSR scheme (Scheme 1) substantially increases performance over the baseline system without CBSR, significantly with one-TXRU based cell association and substantially with cell association aligned with radiation pattern of the restricted codebook


Conclusions
In this contribution, we made the following observations:
Observation 1	The proposed beam-based CBSR scheme (Scheme 1) substantially increases performance over the baseline system without CBSR, significantly with one-TXRU based cell association and substantially with cell association aligned with radiation pattern of the restricted codebook

Based on the above observations, the following was proposed:
Proposal 1	For Advanced CSI CBSR, support either of Alt1, Alt 2B or Alt 2 described above

Simulation Parameters
	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 

	Antenna Configurations
	8x1, 8x2, 16x1
1x1 and 2x1 virtualization (Tilt according to TR 36.897)

	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
Advanced CSI codebook

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	46 dBm (UMa)

	Traffic model
	FTP Model 1, 100 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 modelled.

	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

	Schemes
	Baseline: No CBSR
Scheme 1: Beam-based CBSR where beams around are removed. For instance  and,…,} are removed, i.e. beams are removed from the 1st dim

Scheme2：Beam-based CBSR where beams around 900 are power restricted. For instance,   } are not allowed in W1;   For   } , the relative power larger than  is not allowed; For   } , the relative power larger than  is not allowed;


	Cell association
	Opt. 1: Align radiation pattern of cell association signal(s) with radiation pattern of the restricted codebook when applying CBSR, for instance by performing cell selection based on each precoder in the codebook.

Opt 2: Cell association pattern is approximated by one-TXRU pattern





image1.png
Bitmap ;" specifies W8 amplitude restriction
for the beams in selected beam group i

N0,

(N, Np) = (24)

Max WB | Colour
N, 0

0,0, = 16 beam groups of size N, N,

025

Bitmap B, selects P=4 beam groups

a
cocoe

Joint WB ampliitude
/beam resitriction





