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1 Introduction
In Rel-15, A-CSI on short PUCCH was discussed during the RAN1#90b meeting and the following email discussion. However, in the end A-CSI was only allowed to be triggered by UL grant and transmitted on PUSCH due to the lack of time for further discussion on the details.
In the last meeting, the following agreement has been achieved for Rel-16 enhancements [1].

Agreements:
· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
· For report quantity

· Alt.1: R15 baseline

· Alt.2: Delta CQI

· Alt.3: Delta SINR

· For report timeline

· Alt.1: R15 timeline

· Alt.2: New timeline

· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quantity, and timeline (A-CSI triggered to transmit on PUSCH)

· Opt.3: No A-CSI on PUCCH due to this SI
In this contribution, system level simulation results are provided for different options to facilitate the further discussion and down-selection.
2 Simulation Results
The R15 enabled use case is selected for simulation. The traffic model is FTP3 with a small packet size (i.e., 32 bytes) and a high arriving rate (500 p/s). The latency budget is 1 ms while the reliability requirement is 99.999%. The TTI length is set as 2 OS, and the DMRS density is 1/3, resulting in 16.67% DMRS overhead. Other simulation assumptions are given in Table 2 in the Appendix.
To reduce the overhead for P-CSI feedback in uplink, the periodicity of P-CSI is set to 5 ms. Meanwhile the feedback delay of A-CSI is set as 7OS to acquire timely and accurate CSI. Based on these settings, the following four schemes are simulated and their performances are compared.
· Scheme 0: Baseline scheme in which P-CSI on PUCCH with a periodicity of 5 ms is used.

We assume that the RBs in a CORESET can be re-used for data transmission when they are not used for DCI delivery. Hence the PDCCH overhead is determined by the average ALs required for PDCCH transmission. From our companion paper [2], the average number of CCEs for PDCCH transmission to achieve 1e-5 reliability is 5.93 for R15 enabled cases. Considering the small packet in simulated use case, it reasonable to assume that the whole packet can be transmitted within one TB in most cases. Hence the average number of CCEs per slot is about 500 p/s/UE*10 UEs*5.93 CCEs/2000 slots= 14.83, and the average PDCCH overhead is 14.83*6/(14*50) = 12.72%.

Since the CSI-RS can be shared among UEs, we ignore the CSI-RS overhead. Meanwhile, other overhead for PBCH and other reference signals is also omitted. Hence the overall overhead for Scheme 1 is 
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 = 16.67% + 12.72% = 29.39%.
· Scheme 1: DL-DCI triggered A-CSI on short PUCCH based on CSI-RS measurement

This scheme is a sub-option of Opt.1, in which CSI-RS resource is used for CSI measurement. In Scheme 1, the DL DCI scheduling the URLLC PDSCH would simultaneously trigger an A-CSI report on PUCCH. Since triggering the A-CSI report in the DCI for the DL assignment does introduce additional overhead  DCI overhead, the overall overhead for Scheme 1 is 
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· Scheme 2: GC-DCI triggered A-CSI on short PUCCH based on CSI-RS measurement

This scheme is designed for Opt.2. However, the gNB does not know when to trigger an A-CSI report for a group of UEs in a Group Common (GC)-DCI, because their packet arrivals are not synchronized. Thus, the A-CSI report trigger would be delayed to some UEs in the group. For simplicity in the evaluation, however, we assume a GC-DCI is sent to trigger an A-CSI report on PUCCH for each UE when a PDSCH is scheduled to this UE. Obviously, this is better than for the realistic case.

Meanwhile, with respect to the GC-DCI overhead, we simply assume a UE group has 5 UEs and two UE groups are configured. One GC-PDCCH could be sent to trigger the A-CSI report from 5 UEs, although this is not true in practice since maybe more GC-DCIs need to be sent to update the triggering information along with the data arrival of UEs in a group. Considering the GC-DCI should be robust enough to guarantee coverage, AL 16 is used. Then the number of CCEs per slot is 500 p/s/group*2 groups*16 CCEs/2000 slots = 8, and the average GC-PDCCH overhead is 8*6/(14*50) = 6.86%. Hence the overall overhead is 
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+ 6.86% = 36.25%.
· Scheme 3: UL Grant triggered A-CSI on short PUSCH based on CSI-RS measurement

This scheme is designed for Opt.3. Since no A-CSI on PUCCH is introduced, we can only rely on an UL Grant to trigger the A-CSI report. When a DL-DCI schedules a PDSCH for a UE, an UL grant is sent at the same time to trigger A-CSI on PUSCH. Hence the PDCCH overhead is doubled and the overall overhead is 
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 + 12.72% = 42.11%.
For Scheme 1, 2, 3, the A-CSI feedback delay is the same and the feedback quantity is also the same (including wideband/sub-band CQI and wideband PMI). The only difference is the required DCI overhead. Obviously, Scheme 1 achieves the best performance due to none extra DCI overhead, and about 81.4% UEs could satisfy the target latency and reliability requirements. The performance gain over P-CSI scheme is up to 60%. Scheme 3 shows the worst performance due to the large increase on DCI overhead, and only 59.5% UEs could satisfy the target latency and reliability requirements. Scheme 2 requires only a small extra DCI overhead and hence its performance is also better than Scheme 3, i.e., about 73.8% UEs could satisfy the target latency and reliability requirements. However, Scheme 2 actually triggers A-CSI report simultaneously with data scheduling, and hence the A-CSI feedback is timely. In practice, the GC-DCI would be delayed for several UEs within a UE group. Hence the performance of Scheme 2 is actually improved artificially in this simulation.

Table 1 The ratio of UEs satisfying 1 ms latency and 99.999% reliability 
	Scheme
	Scheme 0
	Scheme 1
	Scheme 2
	Scheme 3

	Results
	50.9% 
	81.4% 
	73.8% 
	59.5% 


Observation 1: Compared P-CSI scheme, A-CSI report enables timely CSI feedback and hence brings up to 60% performance gain.
Observation 2: Compared to A-CSI on PUSCH, A-CSI on PUCCH brings up to 36% performance gain due to no need of UL grant for triggering.
Observation 3: For A-CSI on PUCCH, the DL-DCI triggering method can reduce the DCI overhead to the most, and hence brings about 10% performance gain.

Proposal 1: Support DL-DCI triggered A-CSI on short PUCCH in R16 URLLC.
3 Conclusions 
In this contribution, we present simulation results for A-CSI on PUCCH. Observations and proposals are as follows.
Observation 1: Compared P-CSI scheme, A-CSI report enables timely CSI feedback and hence brings up to 60% performance gain.
Observation 2: Compared to A-CSI on PUSCH, A-CSI on PUCCH brings up to 36% performance gain due to no need of UL grant for triggering.

Observation 3: For A-CSI on PUCCH, the DL-DCI triggering method can reduce the DCI overhead to the most, and hence brings about 10% performance gain.

Proposal 1: Support DL-DCI triggered A-CSI on short PUCCH in R16 URLLC.
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Appendix
Table 2. Simulation assumptions for R15 case in Urban Macro deployment

	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500 m

	Carrier frequency
	700 MHz

	Duplex Mode / Simulation bandwidth
	FDD / 20 MHz BW for both DL and UL

	SCS / Cyclic Prefix
	30 kHz / NCP

	Channel model 
	UMa in TR 38.901

	BS antenna configuration
	Antenna Config. #2: 

· 2 Tx/2 Rx antenna ports, and (dH, dV) = (N/A, 0.8λ)

(M, N, P, Mg, Ng; Mp, Np) = (8,1,2,1,1;1,1)

(+45°, -45°) polarization and 102 degrees antenna tilt

	UE antenna configuration
	Antenna Config. #2: 

· 2 Tx/2 Rx antenna ports

(M, N, P, Mg, Ng; Mp, Np) = (1,1,2,1,1;1,1)

	Transmit power
	49 dBm at BS and 23 dBm at UE

	Antenna height
	25 m at BS and 3 m at UE

	Antenna gain 
	8 dBi at BS and 0 dBi at UE

	Noise figure
	5 dB at BS and 9 dB at UE

	UE distribution
	80% outdoors and 20% indoors. Indoor penetration loss is modelled according to low loss model.

30 km/h for outdoor UEs and 3 km/h for Indoor UEs

	Scheduling Algorithm
	Latency-based SU-MIMO

	Number of UEs per cell
	10

	UE power control
	Open-loop power control with P0 = -86 dBm, alpha = 0.9

	HARQ/repetition
	Adaptive HARQ retransmission

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC

	URLLC/eMBB Co-existence
	yes

	Others
	All control channels (including PDCCH and PUCCH) are error-free
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