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Introduction
In RAN1-NRAH3, many open issues regarding CSI reporting were resolved by agreeing the WF R1-1716901, especially decisions were made regarding A-CSI and SP-CSI reporting:
· Support S-CSI on PUSCH using similar mechanism to LTE SPS
· Resources/MCS for S-CSI on PUSCH are allocated semi-persistently using DCI
· S-CSI supports Type II with minimum periodicity of 5ms
· Support A-CSI on long and short PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering, working assumption: including with Y>0
FFS: timing relationship relative to CSI-RS
In this contribution, we discuss aperiodic and semi-persistent CSI reporting on PUCCH in the light of these agreements.
Discussion
It was agreed to support aperiodic CSI reporting on short PUCCH in RAN1#90-AH3. One motivation for this is to allow for more scheduling flexibility, even WB CSIs can be triggered aperiodically and it can be wasteful to spend an entire PUSCH transmission (spanning multiple OFDM symbols) if only transmitting a couple of 10 bits of WB CSI. Another motivation is to allow for same-slot CSI feedback (i.e. Y=0).
Obviously, an A-CSI report must be triggered with DCI by indicating which CSI report(s) shall be reported in the CSI request field. Traditionally, the CSI request field is present in UL-related DCI, as the CSI report in that case is multiplexed with UL-SCH on PUSCH and the UL-related DCI contains the PUSCH RA. However, when the A-CSI report is transmitted on PUCCH, it makes more sense to include a CSI request field in DL-related DCI. Firstly, for the case same-slot CSI reporting (Y=0), the UE is likely being scheduled with PDSCH in the same slot as it is triggered with an immediate CSI report (otherwise, there is little benefit with immediate reporting). Thus, if the CSI request field is not present in the DL-related DCI containing the DL grant, both a UL-related and DL-related DCI would need to be transmitted in the same slot. Secondly, the DL-related DCI already contains a PUCCH resource indicator field for HARQ-ACK, indicating the timing offset and frequency/code location of the PUCCH containing ACK/NACK. This field can be re-used for indicating the PUCCH resource for A-CSI. 
[bookmark: _Toc494739970]Triggering of A-CSI on PUCCH must be done with DL-related DCI
The simplest approach would be to always piggyback the A-CSI report on the same PUCCH that is used to transmit the HARQ-ACK. However, this would limit the flexibility for the gNB. It can also be wasteful in terms of UL resources. As HARQ-ACK is only a few bits, while WB CSI can be on the order of 20 bits, different frequency-allocations and/or PUCCH formats could be required depending on if “HARQ-ACK only” or “HARQ-ACK + CSI” are multiplexed in the PUCCH. Furthermore, it could potentially be beneficial to transmit the HARQ-ACK and CSI that was triggered with the same DCI on different PUCCH resources. For instance, a CSI report with many antenna ports could be triggered, requiring some CSI processing delay by the UE so that the CSI report is transmitted in e.g. slot , while the ACK/NACK could be transmitted in slot . Thus, different PUCCH timing offsets would need to be indicated. Such flexibility can be introduced without increasing DCI overhead. The PUCCH resource indicator field can simply be interpreted differently depending on the presence of DL grant and/or CSI request in the DCI. This is illustrated in Table 3 below. In this example, if bits 00 are indicated, PUCCH resource #1 is used if the DCI contains DL grant only and not a CSI request while PUCCH resource #3 is used if DCI contains CSI request only and no DL grant. If DCI contains both DL grant and CSI request, PUCCH resource #7 is used. Further in the example, if bits 10 are indicated, PUCCH resource #3 is used for HARQ-ACK and PUCCH resource #2 is used for CSI, if both are triggered simultaneously, separate PUCCH resources are used for the respective transmissions.
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	PUCCH resource indicator bitfield
	HARQ-ACK only
	CSI only
	HARQ-ACK+CSI

	00
	PUCCH resource #1
	PUCCH resource #3
	PUCCH resource #7

	01
	PUCCH resource #2
	PUCCH resource #5
	PUCCH resource #8

	10
	PUCCH resource #3
	PUCCH resource #2
	{PUCCH resource #3, PUCCH resource #2}

	11
	PUCCH resource #4
	PUCCH resource #6
	{PUCCH resource #4, PUCCH resource #6}



Based on this discussion, we propose:
[bookmark: _Toc494637721][bookmark: _Toc494738964][bookmark: _Toc494739971][bookmark: _Toc494749268]To support aperiodic CSI feedback on PUCCH, a CSI request field can be configured to be present in DL-related DCI
· [bookmark: _Toc494637722][bookmark: _Toc494738965][bookmark: _Toc494739972][bookmark: _Toc494749269]PUCCH resource indicator field in DL-related DCI indicates PUCCH resource for the triggered CSI report
· [bookmark: _Toc494637723][bookmark: _Toc494738966][bookmark: _Toc494739973][bookmark: _Toc494749270]The field is interpreted differently depending on if DCI contains DL grant only, CSI request only, or both
· [bookmark: _Toc494637724][bookmark: _Toc494738967][bookmark: _Toc494739974][bookmark: _Toc494749271]Both bundling of HARQ-ACK and CSI in same PUCCH as well as indication of separate PUCCH is supported

In the agreed WF, support of A-CSI on PUCCH for CSI triggering offsets larger than zero was left as a working assumption. It should be noted that Y=0 is the most difficult case for a UE to handle, as it requires fast CSI calculation. Since the mechanisms for A-CSI on PUCCH is introduced in the spec regardless, limiting its support to only Y=0 seems like a very artificial restriction.  Therefore, we propose:
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The agreement in RAN1#90-AH3 only added support for A-CSI on short PUCCH. However, the same mechanism could be used to support A-CSI on long PUCCH as well, which could be beneficial for reliability if e.g. CSI and HARQ-ACK is bundled together in a single PUCCH. Furthermore, it increases scheduling flexibility at the gNB.
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In RAN1#90, it was agreed that SP-CSI potentially could be supported on short PUCCH / long PUCCH / PUSCH, with potential downselection. In RAN1#90-AH3 it was agreed that SP-CSI is supported on PUSCH, with LTE SPS-like triggering. Thus, the question remains if SP-CSI is supported on short / long PUCCH as well.
In RAN1#89-AH2 Qingdao, it was agreed that Type I subband CSI can be carried on either one of PUSCH and long PUCCH. Since only WB CSI is supported for periodic CSI feedback, this implies that either A-CSI or SP-CSI (or both) must support being carried on long PUCCH for the agreement to be fulfilled. Furthermore, according to agreement in RAN1#90-AH3, the use of short or long PUCCH resource for a PUCCH-based CSI report is configured, meaning that either both short/long PUCCH or none of them must be supported for SP-CSI. 
In order to keep down the number of reporting modes, we believe that it is sufficient to support SP-CSI on PUSCH and A-CSI on long PUCCH. Therefore, if SP-CSI is supported on PUCCH can be further studied.
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Conclusions
In this contribution, we made the following observations:
Observation 1	Triggering of A-CSI on PUCCH must be done with DL-related DCI


We make the following proposals:
Proposal 1	To support aperiodic CSI feedback on PUCCH, a CSI request field can be configured to be present in DL-related DCI
		PUCCH resource indicator field in DL-related DCI indicates PUCCH resource for the triggered CSI report
		The field is interpreted differently depending on if DCI contains DL grant only, CSI request only, or both
		Both bundling of HARQ-ACK and CSI in same PUCCH as well as indication of separate PUCCH is supported
Proposal 2	Confirm the working assumption to support A-CSI on PUCCH for Y>0
Proposal 3	Aperiodic CSI feedback can be carried on long PUCCH
Proposal 4	FFS if semi-persistent CSI reporting on PUCCH is supported
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