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1 Introduction
In TSG-RAN#80 plenary meeting [1], the scope of new SID on physical layer enhancements for NR URLLC was defined for release 16. One of the objectives is to investigate potential CSI enhancements under L1 improvements. The contribution discusses CSI enhancements, including A-CSI on short PUCCH and A-CSI timing enhancement 
2 A-CSI on Short PUCCH
In this section, we provide motivation and some thinking to A-CSI on short PUCCH.
2.1 Motivation  
In Rel-15, A-CSI on PUCCH has been discussed in RAN1#90b meeting and following email discussion. The A-CSI only is allowed to be triggered by UL grant and transmit on PUSCH, although the support of A-CSI on short PUCCH was agreed in RAN1 AH #3 meeting. For the channel carrying the A-CSI and the trigger method, there are mainly three options during the discussion:

· Option 1 (has been agreed in Rel-15): A-CSI is triggered by UL grant, and transmitted on PUSCH

· Option 2 : A-CSI is triggered by DL grant, and transmitted on PUCCH

· Option 3 : A-CSI is triggered by DL grant, and transmitted on PUSCH

Compared with Option 2, the drawback of Option 1 would lead that extra control overhead, since the gNB has to transmit UL grant to trigger the A-CSI even if there is no UL data transmission. Besides, this would increase PDCCH blocking probability and UE power consumption. Option 3 needs the PUSCH resource allocation in DL grant, which has much standard effort and increases DCI payload too much. 
Compared with Option 1 and Option 3, the Option 2 has less standard effort and does not consume extra DL resource. However, since the PUCCH payload is smaller than the PUSCH, the content of A-CSI on PUCCH would be limited. It may be not very serious issue because that the shortest CSI computation delay assuming the wideband feedback and at most 4 ports. Hence, the current PUCCH maximum payload may be enough to URLLC transmission, and does not need to further enhancement.
Based on the above discussion, Option 2 can be considered in Rel-16, since it has less standard effort and does not consume extra DL resource. 
Proposal 1: A-CSI report triggered by at least DL-related DCI and transmitted on PUCCH should be considered in Rel-16 for URLLC.
2.2 Design aspects for A-CSI on short PUCCH
Apart from Y = 0 as agreed, Y > 0 should also be supported due to flexible DL-UL configurations and various UE capabilities in NR, where Y is the slot timing delay  from the triggering DCI to the A-CSI report on short PUCCH. Then the timing indication for A-CSI should be specified, and maybe a dynamic indication through DL DCI is expected to provide timing flexibility similar with ACK/ACK.

The left issue is the resource allocation for A-CSI transmission. For this end, we can refer to the method for HARQ-ACK or for the method for A-CSI triggered by UL grant. That is, we could use one indicator in DCI for resource selection, or link PUCCH resource to the triggered CSI report through RRC configuration. 
Finally, to enable more fast CSI feedback, DMRS-based CSI measurement should be considered. Specifically, A-CSI would be measured based on the DMRS in PDSCHs which is simultaneously scheduled by the same DCI triggering A-CSI report. Furthermore, gNB may transmit PDCCH and PDSCH in case of the PDCCH that is group common to several UEs is transmitted by a wide Tx beam and the PDSCH is transmitted by a narrow Tx beam to achieve higher SINR. The narrow Tx beam would be sensitive to the channel condition, since it is impacted by the UE movement, device rotation, obstacle, and etc. the wide Tx beam is more robust than narrow Tx beam. The CSI information based on DMRS of PDCCH should be considered. Nevertheless, the DMRS-based CSI measurement cannot provide the PMI and RANK information and hence the flexibility needs further study.
Observation 1: Y > 0 should be supported for A-CSI report on short PUCCH to accommodate the flexible DL-UL configuration and various UE capabilities.

Proposal 2: For the DL DCI triggered A-CSI report on short PUCCH, further study on the timing indication, resource allocation as well as measurement methods is needed.
3 A-CSI with timing enhancement
Currently, the CSI computation time is defined as delay requirement 1 and delay requirement 2 in Rel-15 [3]. For example, the shortest CSI computation delay as Table 1, other CSI computation delay in Table 2 is much longer than Table 1, wherein Z1 means that the shortest timing between the last symbol of DCI and the first symbol of the channel carrying the A-CSI, it can be named as CSI reporting delay. Z'1 means that the shortest timing between the first symbol of the channel carrying the A-CSI and the last symbol of CSI measurement resource, which includes the last symbol of the aperiodic CSI-RS resource for channel measurements, the last symbol of aperiodic CSI-IM used for interference measurements, and the last symbol of aperiodic NZP CSI-RS for interference measurement. Z'1 provides the shortest time distance between measurement resource and CSI reporting, when aperiodic CSI-RS is used for channel measurement for triggered CSI.
Table 1: CSI computation delay requirement 1 [3]
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	Z1 [symbols]

	
	Z1
	Z'1

	0
	[9 or 10]
	[7 or 8]

	1
	13
	11

	2
	25
	21

	3
	43
	36


Table 2: CSI computation delay requirement 2 [3]
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	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	16
	40
	37

	1
	33
	30
	72
	69

	2
	44
	42
	141
	140

	3
	97
	85
	152
	140


We can name the HARQ feedback delay, which is from the last symbol of PDCCH to the first symbol of channel that carrying the HARQ information. That is convenient to comparison between the HARQ feedback timing and CSI feedback timing based on the current specification. Since the URLLC has urgent latency requirement, the slot offset between PDCCH and PDSCH should be set to 0. For simpler comparison, we assume the PDCCH is transmit completion at the previous one symbol before PDSCH transmission. Then, the HARQ feedback delay can consist of PDSCH processing time and PDSCH duration.
According to the current specification, the PDSCH processing time that is the UE capability 1 and UE capability 2 according to the Table 5 and Table 6 in the Annex.  Besides, the PDSCH duration is 2, 4, 7 symbols when PDSCH is mapping type B. Since the PDSCH mapping type B can be transmitted in any symbol, it is reasonable to assume in URLLC PDSCH transmission for low latency. Therefore, the Table 3 provides the HARQ feedback delay based the above assumption.
Table 3 HARQ feedback delay when PDSCH mapping type B and dmrs-AdditionalPosition = pos0
	PDSCH duration (symbol)
	PDSCH processing time + PDSCH duration (symbol)

	
	for PDSCH processing time 
capability 1 in Table 5 in Annex
	fir PDSCH processing time 
capability 2 in Table 6 in Annex

	 
	15khz
	30khz
	60khz
	120khz
	15khz
	30khz
	60khz

	2
	10
	12
	19
	22
	5
	6.5
	11

	4
	12
	14
	21
	24
	7
	8.5
	13

	7
	15
	17
	24
	27
	10
	11.5
	16


Furthermore, we compare the CSI reporting delay Z1 and HARQ feedback as follows.
· Table 1 (Z1) vs Table 3. Although the Table 1 is the shortest CSI reporting delay assuming non CPU occupancy and wideband feedback, it can be observed that the HARQ feedback delay of the red number value in Table 3 is still smaller than the CSI computation delay in Table 1. 

· Table 2 (Z1) vs Table 3. Although the Table 2 is normal CSI reporting delay, it can be observed that all the HARQ feedback delay value in Table 3 is smaller than the CSI computation delay in Table 2. 

When the HARQ feedback delay value is smaller than the CSI computation delay, it leads that A-CSI reporting should be after the HARQ feedback when the DL grant and the grant of trigger A-CSI is in the same CORSET. Considering the P-CSI feedback period cannot be set to always very short for all burst URLLC UE, since dense P-CSI feedback would bring too large resource waste and UE power consumption. Hence, as illustrated in Figure 2, there would be two choices left to the gNB when the HARQ feedback delay value is smaller than the CSI computation delay. 

· In Case 1, gNB transmits (re)transmission right away when it receives the HARQ feedback information from a UE. In this case, the gNB cannot achieve what channel condition of the UE, so that the scheduling information of the subsequent (re)transmission has to do based on the out-of-date CSI feedback. It would be full of uncertainty, and the system would be low efficiency if gNB always assume the UE is in the worst channel condition.

· In Case 2, gNB transmits (re)transmission until it receives the HARQ and A-CSI feedback information from a UE. In this case, the gNB can achieve what channel condition of the UE, so it can fix the drawback of case 1. However, it will introduce additional latency to wait the A-CSI. It may be not acceptable to stringent latency traffic. 
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Figure 2. Issue of current CSI computation delay

Observation 2: Current CSI computation delay is too large to improve the URLLC transmission efficiency.
Therefore, a straightforward solution is to shorten the current CSI computation delay to solve this above issues. For example, the new CSI computation delay requirement for URLLC can be as Table 4, which is based on about 0.5 scale factor* the value in Table 1. The specific condition to enable the shorter CSI computation delay requirement and shorter CSI computation delay requirement value could be FFS for URLLC.
Table 4: New CSI computation delay requirement for URLLC
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	Z1 [symbols]

	
	Z1
	Z'1

	0
	5
	4

	1
	6.5
	5.5

	2
	13
	11

	3
	22
	18


Proposal 3: The CSI computation delay would be reduced for URLLC in Rel-16 than Rel-15.
4 Conclusions 
In this contribution, we discuss the CSI enhancements, including A-CSI on short PUCCH and A-CSI timing enhancement. Observations and proposals are given as follows.
Observation 1: Y > 0 should be supported for A-CSI report on short PUCCH to accommodate the flexible DL-UL configuration and various UE capabilities.
Observation 2: Current CSI computation delay is too large to improve the URLLC transmission efficiency.
Proposal 1: A-CSI report triggered by at least DL-related DCI and transmitted on PUCCH should be considered in Rel-16 for URLLC.
Proposal 2: For the DL DCI triggered A-CSI report on short PUCCH, further study on the timing indication, resource allocation as well as measurement methods is needed.
Proposal 3: The CSI computation delay would be reduced for URLLC in Rel-16 than Rel-15.
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Annex
Table 5: PDSCH processing time for PDSCH processing capability 1 [3]
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 
	dmrs-AdditionalPosition ≠ pos0 

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24


Table 6: PDSCH processing time for PDSCH processing capability 2 [3]
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 
	dmrs-AdditionalPosition ≠ pos0 

	0
	3
	[13]

	1
	4.5
	[13]

	2
	9 for frequency range 1
	[20]
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