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Introduction
During RAN #88e meeting, a revised WID of Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved. The first objective is about whether some physical layer feedback enhancements should be studied and specified for URLLC, including HARQ-ACK and CSI feedback enhancements. The objective is showed below.
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 

This contribution provides initial thoughts on CSI feedback enhancements.
Discussion
A-CSI can be triggered by UL grant and multiplexed on PUSCH.  It had been discussed about A-CSI on PUCCH feedback during Rel-15.There were three alternatives achieved at RAN1 90b, but no decisions made after that meeting.
· Alt 1: 
· The CSI report is triggered with CSI request field in DL-related DCI
· UE-specific or UE-group-specific DCI is to be discussed in control channel session
· PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources
· Alt 2:
· Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used
· Alt 3:	
· Use UE-specific UL-related DCI, indication on whether PUCCH or PUSCH is used is determined by bit in DCI

First of all, we support this A-CSI on PUCCH enhancements. In some heavy DL traffic scenarios, there is little chance for PUSCH transmission. However, CSI reports are essential for DL scheduling, especially URLLC traffic requires more instant A-CSI reports. So A-CSI on PUCCH enhancements can be specified in Rel-17.
Proposal 1. Support A-CSI on PUCCH enhancements
DCI formats for triggering A-CSI on PUCCH
Among the three alternatives above, one key differential point is DL-related DCI or UL-related DCI can be used to trigger A-CSI on PUCCH. 
DL-related DCI is supported. Because a UL-related DCI can trigger a PUSCH with A-CSI report already. If a gNB needs A-CSI reports from a UE and will send a UL grant DCI to this UE later, it can multiplex A-CSI on PUSCH directly. But DL-related DCI cannot trigger A-CSI anyway. Especially, for the heavy DL traffic case, there are many occasions of DL-related DCIs and PUCCHs with HARQ-ACK. It is easy to reuse these DL grant DCI to trigger A-CSI reports and select a PUCCH resource for them. Above all, DL-related DCI is more flexible than UL-related DCI for A-CSI reporting on PUCCH.
Furthermore, UE-specific DCI is more preferred compared with UE-group-specific DCI. UE-group DCI is designed for a group of UEs. Regarding A-CSI reports, they are per-UE requirements more than a group of UEs. Additionally, it needs a new DCI format defined for A-CSI reports on PUCCH. And a new RNTI should be introduced for this new DCI format. Obviously, this new DCI format will complicate UE implementation of PDCCH monitoring and also create some new problems of DCI size budgets. 
Proposal 2. For A-CSI on PUCCH, CSI report triggering in DL-related DCI is preferred. UE specific DCI is suggested.
PUCCH resource and feedback timing for A-CSI feedback
When a DL-related DCI triggers A-CSI reports, the simplest approach would be to piggyback the A-CSI report with HARQ-ACK on the same PUCCH resource, if HARQ-ACK is present. All the multiplexing operations can reuse the existing mechanism to select differently-sized PUCCH resources depending on UCI payload. So HARQ-ACK and A-CSI can be multiplexed on the same PUCCH. However, some special conditions can be allowed, like DCI triggers A-CSI report which is different with the last DCI schedules HARQ-ACK feedback, or DCI triggers A-CSI reports without HARQ-ACK feedback. Thus when under these conditions HARQ-ACK and A-CSI may not be able to multiplexed on the same PUCCH. Figure 1 shows a case that A-CSI trigger DCI is not the last DCI for HARQ-ACK feedback. It gives an example that PUCCH resource for HARQ-ACK has been changed by later DCI. Meanwhile A-CSI trigger is in the earlier DCI. We propose to study these special conditions, too.


Figure 1: PUCCH resources for HARQ-ACK/CSI
Proposal 3. HARQ-ACK and A-CSI can be multiplexed on the same PUCCH under certain conditions.
Proposal 4. Study the special conditions that HARQ-ACK and A-CSI cannot be multiplexed on the same PUCCH.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1.	Support A-CSI on PUCCH enhancements
Proposal 2.	For A-CSI on PUCCH, CSI report triggering in DL-related DCI is preferred. UE specific DCI is suggested.
Proposal 3.	HARQ-ACK and A-CSI can be multiplexed on the same PUCCH under certain conditions.
[bookmark: _GoBack]Proposal 4.	Study the special conditions that HARQ-ACK and A-CSI cannot be multiplexed on the same PUCCH.
References
RP-201310, Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR
4

2
3GPP
image1.emf
123456789

1

0

1

1

1

2

1

3

0

Slot n

123456789

1

0

1

1

1

2

1

3

0

Slot n+1

123456789

1

0

1

1

1

2

1

3

0

Slot n+2

123456789

1

0

1

1

1

2

1

3

0

Slot n+3

PDCCH

PDCCH

HARQ-ACK PDSCH1 CSI

CSI+HARQ-ACK

HARQ-ACK

PDSCH2


oleObject1.bin
1


2


3


4


5


6


7


8


9


10


11


12


13


0


1


Slot n


2


3


4


5


6


7


8


9


10


11


12


13


0


Slot n+1


1


2


3


4


5


6


7


8


9


10


11


12


13


0


Slot n+2


1


2


3


4


5


6


7


8


9


10


11


12


13


0


Slot n+3


PDCCH


PDCCH


HARQ-ACK


PDSCH1


CSI


CSI+HARQ-ACK


HARQ-ACK


PDSCH2



