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Discussion and Decision
1
Introduction
During RAN1#89 meeting, a joint codebook design proposal of type I and type II CSI reporting has been agreed in all pertinent scenarios except for some FFS items [1] [2], such as variable size payload, feedback overhead reduction of beamformed CSI-RS, codebook subset restriction, frequency-dependent parameterization, and analog beamforming, etc.
During RAN1#89 meeting, the followings have also been agreed for CSI acquisition details [1]:

· Support following features for NR CSI acquisition
· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· CSI reporting via short duration PUCCH

· FFS on detailed setting in CSI reporting setting

· CSI reporting via long duration PUCCH

· FFS on detailed setting in CSI reporting setting

· PUCCH reporting which is contained in a single slot

· FFS on PUCCH reporting which is contained in multiple slots

During RAN1#AH1_NR meeting, the followings have already been agreed for PUCCH [3]:

· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.

· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.

· For PUCCH in long-duration, transmit antenna diversity is supported.

· FFS: PUCCH in short-duration

In this contribution we mainly discuss feedback transmission issues of type II codebook on PUCCH, such as payload statistic and support of variable size payload for type II CSI on PUCCH.

2
PUCCH reporting for type II codebook
According to the agreement in RAN1#AH1_NR meeting, two types of PUCCH transmission (short duration and long duration) are supported in NR, and supportable UCI payload size on PUCCH becomes very wide depending on PUCCH types. For example, short duration PUCCH can support UCI payload up to at least a few tens of bits, while long duration PUCCH provides even larger container up to at least a few hundreds of bits. Accordingly, high spatial resolution CSI feedback, such as type II codebook in NR, may probably be conveyed through PUCCH, and the detailed CSI reporting contents should be designed considering PUCCH transmission type.

2.1 Type II CSI payload statistic
NR type II CSI feedback requires large reporting overhead to acquire enhanced spatial channel information. According to the agreed WF in [2], type II Cat 1 CSI is a dual-stage codebook structure up to rank 2, W = W1 x W2. The first stage W1 consists of a set of L orthogonal beams selected from the predefined oversampled 2D DFT beams for a single polarization, and beam selection is realized in wideband. The second stage W2 consists of 2L-1 beam combining coefficients for L selected beams and 2 polarizations in each layer. Generally beam combining coefficients can be divided into phase combining and amplitude scaling quantization separately. Phase combining is configured for subband reporting, and amplitude scaling is configured to report wideband amplitude with or without subband amplitude.
Type II CSI has different feedback payload after configured as different PMI feedback types, such as subband or wideband PMI feedback. Subband PMI feedback may consist of subband phase and amplitude quantization, while wideband PMI feedback can only support wideband phase and amplitude quantization.
For subband PMI feedback, type II CSI has the following configuration assumptions according to [2]:
· (WB amplitude, SB amplitude, SB phase) are quantized and reported in (X, Y, Z) bits as follows:
· (N1, N2) = (4, 4), (O1, O2) = (4, 4)
· For WB+SB amplitude, assuming SB Z = 3 (8PSK phase)
· (X, Y, Z) = (3, 1, 3) for the first (K–1) leading (strongest) coefficients out of (2L–1) coefficients, and (X, Y, Z) = (3, 0, 2) for the remaining (2L–K) coefficients
· For L=2, 3, and 4, the corresponding value of K is 4 (=2L), 4, and 6, respectively.  
· The index of the strongest coefficient out of 2L coefficients is reported per layer in a WB manner
· Assumed that all the WB amplitude 
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· Beam selection is signalled using 
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Example PMI payload calculations of different beam number and rank are listed in Table 1 for type II CSI assuming subband PMI feedback.
Table 1: Example PMI payload calculations assuming subband PMI feedback
	L
	Rotation:
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	L-beam selection
	Strongest coefficient:
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 per layer
	WB amp:

3 x (2L – 1) per layer
	Total WB payload
	SB amp (1 SB):

1 x (K - 1) per layer
	SB phase (1 SB):

3 x (K – 1) + 2 x (2L – K) per layer
	Total payload

(WB + 10 SBs)

	Rank 1 payload (bits)

	2
	4
	7
	2
	9
	22
	3
	9
	142

	3
	4
	10
	3
	15
	32
	3
	13
	192

	4
	4
	11
	3
	21
	39
	5
	19
	279

	Rank 2 payload (bits)

	2
	4
	7
	4
	18
	33
	6
	18
	273

	3
	4
	10
	6
	30
	50
	6
	26
	370

	4
	4
	11
	6
	42
	63
	10
	38
	543


For wideband PMI feedback, type II CSI has the following configuration assumptions according to [2]:
· (WB amplitude, WB phase) are quantized and reported in (X, Z) bits as follows:
· (N1, N2) = (4, 4), (O1, O2) = (4, 4)
· For WB-only amplitude, assuming WB Z = 3 (8PSK phase)
· (X, Z)= (3, 3)
· The index of the strongest coefficient out of 2L coefficients is reported per layer in a WB manner
· Assumed that all the WB amplitude 
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· Beam selection is signalled using 
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Example PMI payload calculations of different beam number and rank are listed in Table 2 for type II CSI assuming wideband PMI feedback.
Table 2: Example PMI payload calculations assuming wideband PMI feedback
	L
	Rotation:

[image: image15.png][log,(0; 0,)]




	L-beam selection
	Strongest coefficient:
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 per layer
	WB amp:

3 x (2L – 1) per layer
	WB phase:

3 x (2L – 1) per layer
	Total WB payload

	Rank 1 payload (bits)

	2
	4
	7
	2
	9
	9
	31

	3
	4
	10
	3
	15
	15
	47

	4
	4
	11
	3
	21
	21
	60

	Rank 2 payload (bits)

	2
	4
	7
	4
	18
	18
	51

	3
	4
	10
	6
	30
	30
	80

	4
	4
	11
	6
	42
	42
	105


According to Table 1, subband PMI feedback has the payload of 100~600 bits for type II CSI, and it has the potential to be contained in long duration PUCCH reporting. However, wideband PMI feedback can greatly lower PMI payload to almost less than 100 bits, as shown in Table 2, if configuring phase combining and amplitude scaling coefficients in wideband level reporting, and hence it can fit into short duration PUCCH reporting.
Proposal 1: Phase combining coefficients can be configured as subband or wideband level reporting to fit into long duration or short duration PUCCH separately for type II CSI at least in a single CC.

· PUSCH transmission should be considered for multiple CCs.
2.2 Support of variable size payload for type II CSI

We know that amplitude scaling coefficients can be quantized as the set (e.g.: 3 bits):
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When an amplitude from 2L coefficients is quantized into zero, its phase combining coefficient and even differential amplitude scaling have no need to reporting, and then feedback payload is reduced correspondingly especially when configured in subband level reporting. PMI payload can vary depending on whether an amplitude is zero or not. How to support variable size payload reporting for type II CSI on NR PUCCH?
Three feedback instances are defined to adapt to flexible payload size of type II CSI on NR PUCCH transmission. For example:
The 1st reporting instance is to report RI (e.g.: 1 bit for rank 1 or rank 2) and wideband orthogonal beam selection (including rotation index and L-beam selection. According to Table 1 and 2, this instance needs 11~15 bits for report considering different beam number, thus short duration PUCCH is the proper container.
The 2nd reporting instance is to report wideband amplitude scaling coefficients (including the strongest index out of 2L coefficients per layer and (2L–1) amplitude coefficients per layer). Amplitude scaling had better be separately encoded from RI to align with the proper layer number and reduce feedback overhead. Amplitude scaling coefficients implicitly indicate the location of zero power quantization over 2L coefficients, so phase combining and even differential amplitude scaling coefficients can be further suppressed in the next reporting instance according to zero power indication. According to Table 1 and 2, this instance needs 11~48 bits for report considering different beam number and rank, thus short duration PUCCH is also the proper container.
The 3rd reporting instance is to reporting the remaining wideband or subband beam combining coefficients (e.g.: phase or differential amplitude) and corresponding CQI values based on the indication in the previous two reporting instances. In LTE, for RI > 1, wideband CQI reporting in PUCCH includes a 4-bit CQI for codeword 0 and a 3-bit spatial differential CQI for codeword 1. Subband CQI values are encoded differentially with respect to wideband CQI using 2-bits. Table 3 gives example payload calculation in the 3rd reporting instance assuming subband feedback, where the remaining beam combining coefficients employ subband PMI feedback similar to Table 1 and CQI values use subband CQI feedback. Table 4 gives example payload calculation in the 3rd reporting instance assuming wideband feedback, where the remaining beam combining coefficients employ wideband PMI feedback similar to Table 2 and CQI values use wideband CQI feedback.
Table 3: Example payload calculations of 3rd reporting instance assuming subband feedback
	L
	WB CQI
	SB CQI (1 SB)
	SB amp (1 SB):

1 x (K - 1) per layer
	SB phase (1 SB):

3 x (K – 1) + 2 x (2L – K) per layer
	Total payload

(WB + 10 SBs)

	Rank 1 payload (bits)

	2
	4
	2
	3
	9
	144

	3
	4
	2
	3
	13
	184

	4
	4
	2
	5
	19
	264

	Rank 2 payload (bits)

	2
	7
	4
	6
	18
	287

	3
	7
	4
	6
	26
	367

	4
	7
	4
	10
	38
	527


Table 4: Example payload calculations of 3rd reporting instance assuming wideband feedback 
	L
	WB CQI
	WB phase:

3 x (2L – 1) per layer
	Total WB payload

	Rank 1 payload (bits)

	2
	4
	9
	13

	3
	4
	15
	19

	4
	4
	21
	25

	Rank 2 payload (bits)

	2
	7
	18
	25

	3
	7
	30
	37

	4
	7
	42
	49


As shown in Table 3, the maximum payload in the 3rd feedback instance is still very high, about 100~600 bits for subband PMI and CQI feedback, but with increase of zero power coefficient number, the payload can be significantly reduced. Therefore subband beam combining coefficients should be separately encoded from RI and wideband amplitude scaling, and reported over long duration PUCCH in the 3rd instance.
As shown in Table 4, the maximum payload in the 3rd feedback instance is low, about 10~50 bits for wideband PMI and CQI feedback. With increase of zero power coefficient number, the payload size can also be further reduced. Therefore wideband beam combining coefficients can be reported over short duration PUCCH in the 3rd instance.

Proposal 2: NR PUCCH reporting should be contained in three feedback instances to adapt to flexible payload size for type II CSI.

· 1st reporting instance: RI + wideband beam selection

· 2nd reporting instance: wideband amplitude scaling coefficients per layer

· 3rd reporting instance: remaining beam combining coefficients per layer + CQI

· Feedback contents in each instance can be flexibly fitted into long duration or short duration PUCCH for type II CSI
3
Conclusions
In this contribution we have discussed feedback transmission issues of type II codebook on PUCCH, and the corresponding proposals are summarized as follows:
Proposal 1: Phase combining coefficients can be configured as subband or wideband level reporting to fit into long duration or short duration PUCCH separately for type II CSI at least in a single CC.

· PUSCH transmission should be considered for multiple CCs.

Proposal 2: NR PUCCH reporting should be contained in three feedback instances to adapt to flexible payload size for type II CSI.

· 1st reporting instance: RI + wideband beam selection

· 2nd reporting instance: wideband amplitude scaling coefficients per layer

· 3rd reporting instance: remaining beam combining coefficients per layer + CQI

· Feedback contents in each instance can be flexibly fitted into long duration or short duration PUCCH for type II CSI
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