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Introduction
In RAN1#89 meeting, the following agreements on CSI feedback have been achieved:
Agreements:
· 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
Moreover, the Type I/II CSI codebook design has been finalized [1]. In this contribution, we provide our views on CSI feedback for Type I/II codebook based scheme and semi-open loop transmission scheme.
Discussion
CSI feedback for Type I/II codebook based scheme
According to the above agreements, CSI could be reported via both short duration PUCCH and long duration PUCCH. Short duration PUCCH includes 1 or 2 OFDM symbols, while long duration PUCCH may occupy 4-14 OFDM symbols. Although the exact payload size has not been determined yet, it is reasonable to conclude that long duration PUCCH has larger payload size than that of short duration PUCCH. Such concept would be used in the CSI reporting design. The agreed Type I/II codebooks comprise of Type I single-panel (SP) codebook, Type I multi-panel (MP) codebook and Type II single-panel (SP) codebook. The CSI reporting components include at least CRI, RI, PMI and CQI. In the following, the corresponding CSI feedback principle is discussed for these codebooks, individually. 
· Type I CSI feedback 
For Type I SP codebook, antenna ports {2,4,8,12,16,24,32} and rank 1-8 are supported. Overhead of subband PMI is less than 4 bits/subband for all the ranks. For rank <= 4, a single CQI is reported per subband, while for rank > 4, 2 CQIs are reported per subband.
For Type I MP codebook, antenna ports {8,16,32} and rank 1-4 are supported. There are two modes of MP codebook: Mode-1 and Mode-2. In the case of Mode-1, overhead of subband PMI is 2bits/subband, while in the case of Mode-2, overhead of subband PMI is 4bits/subband. As rank <= 4, only a single CQI is needed. Table I illustrates the payloads for both Type I SP and MP codebooks, where antenna layout (N1,N2)=(4,4) is assumed. In general, compared with Type I SP codebook, Type I MP codebook incurs a slightly larger wideband CSI overhead (caused by the inter-panel co-phasing) and similar subband CSI overhead. Referring to LTE, periodic, semi-persistent and aperiodic CSI feedback should be supported for the Type I codebook. 





Table I: Payloads for Type I codebooks
	Payloads/codebooks
	SP
	MP

	
	L=1
	L=4
	Mode-1 (Ng=4)
	Mode-2 (Ng=2)

	Rank 1
	wideband (bits)
	8
	6
	14
	12

	
	subband (bits)
	2
	4
	2
	4

	Rank 2
	wideband (bits)
	10
	8
	14
	12

	
	subband (bits)
	1
	3
	1
	3



Periodic and semi-persistent CSI reporting could be carried by short duration PUCCH and long duration PUCCH. Short duration PUCCH should at least support single slot reporting and multiple slots reporting could also be supported if necessary. For the single slot reporting, only wideband CSI is allowed. The subband PMIs and CQIs could be fed back through multiple slots reporting, where we prefer that the wideband CSI is reported in one slot and the subband CSI is managed to be reported in as few slots as possible. On the other hand, with larger payload size, long duration PUCCH is expected to support single slot reporting with subband CSI feedback. Further, for certain antenna port number, if the required payload size becomes larger than the specified PUCCH payload size, codebook subsampling could be considered. Since there are no overlapped beams for the wideband PMI, subsampling may be applied on certain oversampled DFT beams or on inter-panel co-phasing. With codebook subsampling, periodic and semi-persistent CSI reporting could support all the antenna ports.
Aperiodic CSI reporting is carried by PUSCH, which supports wideband and subband CSI feedback. The same design as specified in LTE could be reused. 
Proposals:
· Periodic, semi-persistent and aperiodic CSI feedback should be supported for the Type I CSI feedback.
· Short duration PUCCH should at least support single slot reporting.
· Long duration PUCCH is expected to support single slot reporting of subband CSI feedback.

· Type II SP CSI feedback
For Type II SP codebook, antenna ports {4,8,12,16,24,32} and rank 1-2 are supported. Similar as the advanced CSI in LTE Rel-14, such codebook targets for high resolution CSI feedback. As given in [1], with subband CSI feedback, hundreds of bits are required to be reported. Since the high resolution CSI is not always needed, periodic or semi-persistent CSI feedback should be avoided considering such large overhead. The Type II CSI could be reported when necessary. Therefore, only aperiodic CSI feedback using PUSCH should be supported.                                         
Proposal:
· Only aperiodic CSI feedback is supported for Type II CSI feedback.

CSI feedback for semi-open-loop transmission scheme
In the last meeting it was agreed that transmission scheme 2 is not explicitly supported in NR. This implies that from PDSCH demodulation perspective it can be implicitly supported in the same framework as transmission scheme 1 by using different precoders on different PRG. Since the UE performs channel estimation on a per PRG basis, the actual precoder on each PRG can be transparent from UE’s perspective. CSI feedback enhancement for semi-open-loop can be supported by PRB-level precoder cycling. Given the double codebook structure W = W1W2, it is natural to report a wideband W1 matrix under the hypothesis of W2 precoder cycling. The cycling granularity of W2 should be equal to or an integer multiple of the PRG size. A large cycling granularity requires large resource allocation bandwidth to achieve sufficient frequency diversity, which is less flexible for small data package. Hence, W2 cycling granularity equal to the PRG size can be a starting point. 
Proposal:
· Support semi-open-loop CSI feedback with wideband W1 report, under the hypothesis of PRG-level W2 cycling. 

Conclusions
In this contribution, we provide our high level views on CSI reporting for Type I/II codebook based scheme. In addition, CSI feedback for semi-open-loop transmission scheme is further discussed. We have the following proposals:
Proposal 1: Periodic, semi-persistent and aperiodic CSI feedback should be supported for the Type I CSI feedback.
Proposal 2: Short duration PUCCH should at least support single slot reporting.
Proposal 3: Long duration PUCCH is expected to support single slot reporting of subband CSI feedback.
Proposal 4: Only aperiodic CSI feedback is supported for Type II CSI feedback.
Proposal 5: Support semi-open-loop CSI feedback with wideband W1 report, under the hypothesis of PRG-level W2 cycling. 
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