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1 Introduction

In 3GPP RAN1#88 meeting, the agreement was achieved for advanced CSI [1]:

Agreement:

· For RI=1,2 CQI/PMI is calculated based on advanced CSI codebook
· For RI>2, CQI/PMI is calculated based on legacy/class A codebook (see below)
· For A-CSI, support PUSCH mode 1-2, 2-2, 3-1, and 3-2
· For P-CSI, support only PUCCH mode 1-1 
· PUCCH Format 2/2a/2b is used
· 3 reporting instances (analogous to Rel.13 Class A)
· 1st reporting instance: RI + beam power
· When RI >2, reported beam power is zero
· 2nd reporting instance: (i1,1,i1,2) + beam selection
· 3rd reporting instance: i2 / CQI
· For rank 1, i2 is 6 bits (not subsampled)
· For rank 2, i2 is 4 bits, with the following working assumption for W2: 
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where c (2 bits) is QPSK, and [image: image5.png]


 is {1,j} and [image: image7.png]


is {1,-1}

· For rank 3-8 P-CSI and rank 3-8 A-CSI, use the following codebooks:
· 4 port: Rel. 8/12 4 Tx rank 3-4 codebook 
· 8 port, 1D: Rel. 10 8 Tx rank 3-8 codebook
· 8 ports, 2D: Rel. 13 rank 3-8 Class A codebook
· {12,16,20,24,28,32} ports: Rel. 13/14 rank 3-8 Class A codebook
· (N1,N2) combinations
· Support all Rel. 13/14 Class A combinations
· Support two additional combinations, (N1,N2) = (2,1) and (4,1)
· Use Class A RRC parameter to configure codebook parameters
· (N1,N2)
· (O1,O2,Config) only for Class A (N1,N2) combinations and rank 3-8
The working assumption for W2 can be revisited with a CR at RAN1#88bis if redundant PMIs are identified and there is consensus for an alternative. 

The necessity to change the corresponding encoding descriptions of beam power in aperiodic CSI reporting in the current specification 36.212 [2] is discussed. 
2 Agreement aspect
As seen in section 1, according to the agreement of last meeting, aperiodic advanced CSI supports PUSCH mode 1-2, 2-2, 3-1, and 3-2 without any additional conditions. Since the encoding of beam power for aperiodic advanced CSI reporting was never discussed in the meetings, the advanced CSI should naturally reuse the legacy A-CSI reporting method. As we know, CSI contains RI, PMI and CQI. In legacy system, when control signaling is transmitted on PUSCH, the position of these parameters is shown in Figure 1. RI locates on the side of ACK/NACK, and CQI/PMI locates on the top of PUSCH resources. It is clear that beam power is one of the W1 parameters from the advanced codebook definition [3]. Therefore, it is straightforward to jointly report beam power with other W1 parameters. All the companies have reached a consensus on this issue in last meeting. The description about the encoding of beam power in aperiodic advanced CSI reporting in 36.212 is consistent with the agreement from last meeting.
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Figure 1 CSI on PUSCH
Observation 1: The description of the beam power encoding in aperiodic advanced CSI reporting in 36.212 is straightforward and consistent with the agreement of last meeting.
3 Technical aspect
The main question for aperiodic advanced CSI reporting is whether or not to jointly report beam power with RI. RI information is more important and has higher performance requirement than CQI/PMI. On the other hand, beam power in advanced CSI is no more important than, and can be jointly encoded with other W1 parameters.  

From email discussion, the reason that support joint report of beam power and RI can be listed as follows:

· A-CSI should be same than P-CSI with respect to RI+RPI for advanced CSI reporting, 
· RPI has a ‘0’ state which can be used to reduce the overhead in the second beam reporting.
Where RPI means beam power.
Obviously, joint report of beam power and RI contradicts the agreement as discussed in section 2. For PUCCH CSI, the reason for joint report is to make payload of other W1 related parameters fitting into PUCCH format2 capacity. However for PUSCH, the situation is different. The bit saving for PUSCH advanced CSI has not been discussed before. Furthermore, advanced CSI codebook is a beam combination codebook instead of beam selection codebook. Advanced CSI is used for large angle spread scenario. Therefore, zero beam power case is not the typical scenario, and the probability of zero beam power should be low. We simulate different antenna configurations to observe the ratio of zero beam power case as shown in Table 1.
Table 1 Ratio of zero beam power 
	Antenna port
	Ratio (%)
	

	4Tx
	2%
	

	16Tx
	9%
	


From the simulation results we can see, the probability of zero beam power is low under various antenna configurations based on the working assumption of advanced CSI. Obviously, there is no necessity to jointly report beam power with RI in aperiodic advanced CSI reporting.
Observation 2: The probability of zero beam power is low.

According to above observations, we propose:

Proposal 1: There is no necessity to jointly report beam power with RI in aperiodic advanced CSI reporting.
Proposal 2: Beam power should be reported with the other PMI information in aperiodic advanced CSI reporting.
4 Conclusions

This contribution first confirmed the description of the encoding of beam power in aperiodic advanced CSI reporting in 36.212 is aligned with agreement of last meeting. Then, we presented evaluation results which justify that joint report of beam power and RI is unnecessary. Based on above discussions, we have the following observations and proposals:
Observation 1: The description of the beam power encoding in aperiodic advanced CSI reporting in 36.212 is straightforward and consistent with the agreement of last meeting.
Observation 2: The probability of zero beam power is low.

Proposal 1: There is no necessity to jointly report beam power with RI in aperiodic advanced CSI reporting.
Proposal 2: Beam power should be reported with the other PMI information in aperiodic advanced CSI reporting.
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Appendix
Simulation assumptions
	Parameter
	Value

	Scenario
	UMi with 200m ISD, 2GHz

	Antenna 
configuration
	4Tx/16Tx(N1=4, N2=2), X-polarized: 45/-45 degrees

	
	2 Rx at UE with 
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l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.897

	UE 
configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS configuraton
	2Tx at UE with
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l

spacing
X-polarized: 0/+90 degrees

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Number of UEs per cell
	10

	traffic model
	Burst buffer with 70% RU 

	Transmit Mode
	TM10 with a single CSI process

	
	Max paired UE number: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3dB
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