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Introduction
At RAN1#98bis an agreement was reached for Rel-16 Type II CBSR process. In this contribution, we address an issue with the functionality of the CBSR process in the specification which can impact network performance and thus needs to be modified. We propose a solution that resolves this issue.
CBSR Related Issues
Current Agreement
In TS 38.214 [1], CBSR for NR eType-II is specified in Section 5.2.2.2.5, as follows

----------------------------Beginning of text for TS38.214 -----------------------------------------------------------
The bitmap parameter n1-n2‑codebookSubsetRestriction-r16 forms the bit sequence  and configures the vector group indices  as in clause 5.2.2.2.3. Bits  indicate the maximum allowed average amplitude,  (), with , of the coefficients associated with the vector in group  indexed by , where the maximum amplitudes are given in Table 5.2.2.2.5-6 and the average coefficient amplitude is restricted as follows
	
for , and . A UE that does not report the parameter amplitudeSubsetRestriction='supported' in its capability signaling is not expected to be configured with  or .
Table 5.2.2.2.5-6: Maximum allowed average coefficient amplitudes for restricted vectors
	Bit

	Maximum
Average Coefficient Amplitude 

	
	

	00
	0

	01
	

	10
	

	11
	1



----------------------------End of text for TS38.214 -----------------------------------------------------------


Discussion on CBSR for NR eType-II 
In RAN1#98bis [2], an agreement was reached to support soft CBSR with sum-power constraint on the delay-domain coefficients, as follows

One can rewrite the CBSR check equation in (1) as follows

Note that (2) restricts the sum power of the coefficients of beam i with the product of  and , leading the power constraint to be scalable from  up to . This causes a serious issue in the CBSR process, since it would be parametrized by the number of non-zero coefficients in the transformed delay domain. This leads to anomalous behavior in the CBSR process, since the left-hand side in (1) may not always be proportional with the wideband beam power. The following example illustrates the underlying issue with the current CBSR check equation in (1), where two different parameter designs of a restricted beam are provided, where both designs have negligible difference in total power, yet showing substantial irregularity in the behavior of the CBSR check equation.

Example 1:
Setup. Rank-1 codebook with Mv=4, and beam i* is restricted with 

Design 1., 

Obviously, this beam violates the CBSR check equation in (1), since . However, the UE can alter the codebook design to pass the CBSR check, as follows
Design 2. 

Here, Design 2 passes the CBSR check in equation (1), since , although the change in the power of beam i* is negligible. Not only would the issue result in random behavior of CBSR, it also opens a backdoor for UE implementation to manipulate the CBSR process via converting one or more zero-valued coefficients within a restricted beam to non-zero coefficients with the minimum amplitude value to satisfy the CBSR threshold, without actually reducing the restricted beam power. Note that such manipulative design would be beneficial to the UE since CBSR restricts the individual codebook of the UE in favor of reducing interference at other users, and thereby can adversely impact the network performance. In essence, the role of the 3GPP specifications is to prohibit such UE implementations that may have detrimental effect on other users in the network and on network performance. In Figure 1 we use system simulations to plot the per sub-band power of a beam whenever there is only one non-zero coefficient with amplitude larger than , similar to Design 1, and compare it with the beam power under Design 2, where two zero-valued coefficients are transformed to non-zero coefficients with amplitude  each. Assuming a CBSR threshold value of , the beam under Design 2 would pass the CBSR check in (1), whereas the beam under Design 1 would not pass the CBSR check, although it has less power than that of Design 2 for each sub-band. This implies the current CBSR equation in (1) is not robust. More details on simulation assumptions can be found in the Appendix.

The current CBSR check equation is not robust and can be bypassed via manipulating the codebook design at the UE. 
Proposal for CBSR Equation
As shown in Example 1, the issue with the CBSR check in (1) for eType-II is tied to the normalization factor . Alternatively, the power of the restricted beam should be constrained with the power of another beam in the codebook, e.g., the unrestricted beam with the maximum wideband power. For instance, the following CBSR equation can be used

where  is the set of indices of the selected L beams that do not include beams from the restricted beam set , which is defined in TS 38.214, Sec. 5.2.2.2.3 [1]. 
[image: ]
[bookmark: _Ref37418524]Figure 1: Beam i* power per sub-band using both designs in Example 1
The proposed CBSR check equation has the following characteristics:
1. It resembles the CBSR behavior in Rel. 15 Type-II codebook, in the sense that the amplitude restriction is with respect to the largest wideband amplitude value of an unrestricted beam, which has value one. 
2. It prohibits UE implementations that could bypass restricting a beam power via adding dummy coefficients with low amplitude. The proposed solution provides an intuitive and accurate behavior for CBSR checking.
3. Applicable to frequency domain codebooks where the index f is replaced with  Hence, the proposed solution is expected to be forward-compatible with codebook designs in future releases. 
Modify the CBSR check equation to be normalized with the power of the strongest selected beam that does not belong to the restricted set.
Consider the following text proposal for TS 38.214 

---------------------------- Start of proposed TP for TS38.214 -----------------------------------------------------------
[bookmark: _Toc29673185][bookmark: _Toc29673326][bookmark: _Toc29674319]5.2.2.2.5	Enhanced Type II Codebook
--- Unchanged text omitted ---------
The bitmap parameter n1-n2‑codebookSubsetRestriction-r16 forms the bit sequence  and configures the vector group indices  as in clause 5.2.2.2.3. Bits  indicate the maximum allowed average amplitude,  (), with , of the coefficients associated with the vector in group  indexed by , where the maximum amplitudes are given in Table 5.2.2.2.5-6 and the average coefficient amplitude is restricted as follows
	



for , and .  is the set of indices of the selected beams that are not associated with any of the sets of group indices g(k) for k=0,1,2,3 described in 5.2.2.3. A UE that does not report the parameter amplitudeSubsetRestriction='supported' in its capability signaling is not expected to be configured with  or .
--- Unchanged text omitted ---------
----------------------------End of proposed TP for TS38.214 -----------------------------------------------------------
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Conclusion
Based on the discussion in this contribution we make the following observations:
1. The current CBSR check equation is not robust and can be bypassed via manipulating the codebook design at the UE. It is a faulty function in the specification which can adversely impact network performance and thus needs to be corrected.
1. Modify the CBSR check equation to be normalized with the power of the strongest selected beam that does not belong to the restricted set.
Our proposal is as follows:
1. Consider the text proposal for TS38.214.
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Appendix
	Modulation
	Up to 256 QAM

	Coding on PDSCH
	LDPC

	Numerology
	15KHz 14 OFDM symbol slot and 52 PRBs

	Frequency band
	4 GHz

	Simulation bandwidth
	10 MHz

	Transmission scheme
	Closed SU/MU-MIMO adaptation

	Scenario
	Dense Urban (Micro layer only)

	UE antenna height and gain
	TR36.873

	Channel model
	38.901 UMa channel model B

	Inter-site distance 
	200 m.

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Type II coedebook parameters
	(L, p0, β) = (4, 1/4, 1/4)

	PRBs bundling per SB
	1 PRB

	MU dimension
	Up to 12 layers

	SU dimension
	1/2 layers

	Codeword (CW)-to-layer mapping
	Single codeword

	CSI feedback
	PMI, CQI: sub-band based every 5 slots; 4 slot delay 

	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	ACK/NACK delay
	The next available UL slot

	Re-transmission delay
	The next available DL slot after receiving NACK

	Antenna configuration at TRxP
	(M,N,P,Mg,Ng) =(8,1,2,1,1),  (dH, dV)=(0.5, 0.8)λ

	Antenna configuration at UE
	 (M,N,P,Mg,Ng) = (1,1,2,1,1),  (dH, dV)=(0.5, N/A)λ

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	UE Noise Figure
	9 dB

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)

	Handover margin (dB)
	1 dB

	TRxP total transmit power
	41 dBm
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