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Introduction
[bookmark: _GoBack]At the RAN1 NR#3 meeting [2], the followings issues were discussed and the agreements are captured as followings:
	Agreements:
· The same information payload irrespective of RI/CRI in a given slot (to avoid blind decoding)
· Note: the size of information payload can be different according to the largest number of CSI-RS ports of the CSI-RS resources configured within a CSI-RS resource set
· Details to be decided in the channel coding session.  For example: 
· When PMI+CQI payload varies with RI/CRI, padding bits are added to RI/CRI/PMI/CQI prior to encoding to equalize the payload associated with different RI/CRI values
· RI/CRI/PMI/CQI, along with padding bits when necessary, is jointly encoded


In this contribution, we discuss the channel coding aspects of CSI reporting.
Physical channels for CSI reporting
· Encoding of CSI parameters for PUCCH-based reporting
To control the error propagation and complexity, joint encoding of CSI parameters (RI/CRI/PMI/CQI) on short PUCCH has been agreed in RAN1#90 [1]. When joint encoding is applied to CSI reporting, one problem that needs to be paid attention to is payload size ambiguity, i.e., PMI and CQI payload size vary as RI varies, and the payload size of one packet (containing RI/CRI/PMI/CQI) is unknown to BS. Following alternatives have been agreed as candidate schemes to solve payload size ambiguity problem on short PUCCH.
· Alt. 1: RI/CRI/PMI/CQI jointly encoded
· [bookmark: OLE_LINK1]Alt. 1B: RI/CRI/PMI/CQI with padding bits prior to encoding (to ensure the same payload irrespective of RI)
For Alt.1, multiple layers’ CSI parameters can be jointly encoded, which is similar to joint encoding of RI and i1 in LTE (Table 7.2.2-1E in TS 36.213). One example is provided in Table 1. In the table, 32 ports are assumed and the antenna layout is (N1, N2) = (4,4), where N1 and N2 is the port number for two dimensions. In the PMI payload size calculation, only WB PMI counts and no codebook subsampling is assumed. 4 bits CQI is assumed for rank 1-4, while 7 bits CQI is assumed for rank 5-8.
Table I Example of joint encoding of RI/PMI/CQI (WB)

	Parameters
	PMI 1
	PMI 2
	PMI
	CQI
	Value of joint encoding

	RI=1
	0-255 (L=1)
	0-3
	0-1023
	0-15
	0-16383

	
	0-63 (L=4)
	0-15
	0-1023
	
	

	RI=2
	0-1023 (L=1)
	0-1
	1024-3071
	
	16384-49151

	
	0-255 (L=4)
	0-7
	1024-3071
	
	

	RI=3
	0-511
	0-1
	3072-4095
	0-15
	49152-65535

	RI=4
	0-511
	0-1
	4096-5119
	
	65536-81919

	RI=5
	0-255
	0-1
	5120-5631
	0-127
	81920-147455

	RI=6
	0-255
	0-1
	5632-6143
	
	147456-212991

	RI=7
	0-255
	0-1
	6144-6655
	
	212992-278517

	RI=8
	0-255
	0-1
	6656-7167
	
	278528-344063


By this means, for 32 ports WB CSI reporting, the maximum payload size is 19 bits for rank 1-8 joint encoding. For rank 1-4 joint encoding, the payload size is 17 bits, while for rank1-2 joint encoding, the payload size is 16 bits. In LTE, as BS will indicate UE of UL and DL capability, i.e., signalling MIMO-CapabilityDL is used to indicate the number of supported layers for spatial multiplexing in DL, there is no payload size ambiguity of CSI reporting at both BS and UE sides. Likewise, similar signalling can also be used in NR to indicate supported maximum multiplexing layers for eliminating the payload size ambiguity.
For Alt.1B, padding bits is considered addressing to payload size ambiguity problem. For example, as illustrated in Figure 1, due to the different number of precoders and CWs, the PMI and CQI payload size vary as RI varies (the ordering of UCI bits can be different). The payload size for rank 1, rank 2, rank 3/4 and rank 5/6/7/8 have 1 or 2 bits difference. With padding bits, the payload size can be solved, e.g., by padding 2 bits for rank 1/3/4, 1 bit for rank 1, the payload size for each layer is the same. 

[image: ]

Figure 1 Padding bits for Type I CSI (WB) 
For the content of the padding bits, there are also some alternatives.
· Alt. 1B-1: padding varying length of zero bits
· Alt. 1B-2: padding varying length of CRC bits
· Alt. 1B-3: padding varying length of parity bits

All the alternatives above subordinating to Alt. 1B aim to achieve the same length of CSI bits prior to coding. Alt.1-B-1, which pads zeros, is one straightforward way. However, the padding bits carry no information, and only reduce the equivalent coding rate of information bits, which impacts the decoding performance. Based on this observation, we propose to utilize padding bits as a part of error-detection codes, e.g., CRC bits (Alt.1-B-2) can be used to check the correctness of the decoded CSI bits. If the decoding results are not corrected, the CSI feedback can be dropped and BS can transmit data as the CSI received before that slot or set CSI to a default value, e.g., one stream transmission. Another example is that the padding bits can be used as parity bits to check the correctness of received RI, as RI has higher information importance. Note that all the checking can be based on the decoding results of the maximum payload sizes.
Table II shown the payload size and complexity for Alt.1 and Alt.1B, continuing the example of 32 ports CSI feedback.
Table II Pros and cons of joint encoding and padding bits prior to encoding

	Schemes
	Payload size
	Complexity

	Alt. 1
	16~19 bits
	low

	Alt. 1B
	Alt. 1B-1
	At least 19 bits
	low

	
	Alt. 1B-2
	
	minor

	
	Alt. 1B-3
	
	minor


From Table II, we have following observations:
Observation 1: Joint encoding have the same or less payload size compared to scheme of padding bits prior to encoding.
Observation 2: Padding bits with varying size of CRC provides additional error detection ability, with minor complexity introduced.
Based on the observations, we have following proposals:
Proposal 1: Support joint encoding of rank 1-2, rank 1-4, and rank 1-8 CSI parameters, respectively. The maximum transmission layers are indicated at least for WB CSI feedback on short PUCCH.
Proposal 2: Utilize padding bits as a part of CRC for Alt. 1B: RI/CRI/PMI/CQI with padding bits prior to encoding (to ensure the same payload irrespective of RI).
Summary
In this contribution, we discuss some remaining issues on CSI reporting, and we have following proposals and observations:
Observation 1: Joint encoding have the same or less payload size compared to scheme of padding bits prior to encoding.
Observation 2: Padding bits with varying size of CRC provides additional error detection ability, with minor complexity introduced.

Proposal 1: Support joint encoding of rank 1-2, rank 1-4, and rank 1-8 CSI parameters, respectively. The maximum transmission layers are indicated at least for WB CSI feedback on short PUCCH.
Proposal 2: Utilize padding bits as a part of CRC for Alt. 1B: RI/CRI/PMI/CQI with padding bits prior to encoding (to ensure the same payload irrespective of RI).
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