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In RAN#88e, RAN plenary revised a work item on Enhanced IIoT and URLLC support for NR [1] which includes the following objective:
	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 proposes to support a enhanced CSI feedback scheme based on a modification to semi-persistent CSI reporting in which the UE starts the transmission of CSI reports when an event is triggered. The contribution also proposes to study benefits of CSI report type enhancements under bursty interference conditions.
Motivation for enhancements
During the study on physical layer enhancements for URLLC, multiple use cases have been identified for performance evaluation (e.g. Table A.2-1 of [2]). For some use cases such as AR/VR, URLLC traffic can be characterized by random (non-periodic) arrival rates, small packet sizes (e.g. 32 bytes), short air interface delay (1 ms) and high reliability requirement. This combination of requirements presents some challenges for the scheduler to select an accurate MCS with existing CSI feedback functionality:
- Periodic CSI reports or semi-persistent CSI reports would be typically out-dated at the time transmission of PDSCH is needed, unless if configured with very short periodicity that would create high overhead.
- Aperiodic CSI report on PUSCH can be requested, but does not allow for immediate (e.g. same-slot) feedback that is required to get the CSI information before the maximum delay has expired. It is also costly from UL resource perspective especially if no data is transferred in PUSCH.
Another problem is that the burstiness of URLLC traffic may also result in bursty interference conditions within the system. When this occurs the network cannot rely on CQI to accurately reflect the actual channel quality in the scheduled resource, even if the measurement was taken just before.
To overcome these limitations, the network would typically select MCS in a very conservative manner, perhaps by applying a bias to the latest available CQI. Use of a conservative MCS means that more downlink resources are utilized than would otherwise be required if the CQI could be known with accuracy. 
Preliminary results of system-level simulations show the potential efficiency and latency gain of providing timely and accurate CSI information with traffic type characterized by short packets (32 bytes) with random inter-arrival times. The results compare the percentage of packets that are successfully transferred within 1 ms latency bound and the PDSCH resource consumption between the following schemes:
a) Scheduling based on R15 CSI, subband CQI/PMI with period of 10 ms and reporting delay of 3 ms
b) Genie-based scheduling in which CSI is known perfectly for the initial transmission

	Scheme
	PER with latency <= 1ms
	Average PDSCH resource consumption per packet

	R15 CSI
	3.9%
	1.12

	Genie-based
	2.2%
	1.04



In the simulation, a TB can be retransmitted only once within the delay budget of 1 ms. The same transmission parameters (RB allocation and MCS) are reused between initial and retransmissions. For the R15 CSI case, the scheduler applies outer-loop link adaptation to adjust bias applied to the reported CQI. Other assumptions are available in Appendix. 
In these results URLLC PER target for the 1 ms latency requirement is not met for either R15 CSI or genie-based, although the performance is better for genie-based both in terms of PER and average PDSCH resource consumption per packet. The BLER observed for the retransmission (once the initial transmission failed) is 38% for the genie-based case. This high error rate is likely caused by the non-adaptive retransmission. This suggests that providing updated CSI for the retransmission may yield significant benefit. The results also show that even for small packets, significant PDSCH resource consumption gain can potentially be achieved with more timely CSI.
In the following sections, two types of CSI enhancements for URLLC are examined.
· Enhanced CSI feedback scheme to improve timeliness of CSI reporting;
· Enhanced CSI reporting type to improve performance in presence of bursty interference.
Enhanced CSI feedback scheme
In R15 and R16, aperiodic CSI triggering on PUCCH was proposed to improve the timeliness of CSI reporting in presence of URLLC traffic [3]. However, at the end of the SI there was no consensus on design aspects such as:
· Triggering mechanism:
· By DL-scheduling DCI or group-common PDCCH
· Measurement resource:
· CSI-RS/CSI-IM or DMRS
· Report quantity:
· R15, Delta CQI or Delta SINR
· Reporting resource;
· Multiplexed with HARQ-ACK or separate
· Report timeline 
· R15 or new timeline
For R17, the option of using DMRS as measurement resource is excluded from the scope of WI.
Event-triggered semi-persistent CSI reporting
During R16 SI, some drawbacks were identified for the above options. For example, for the case of trigger by DCI scheduling PDSCH, including a new trigger field would increase DCI overhead. If instead the trigger is by group-common PDCCH the CSI reports may not be transmitted with the best timing for all UE’s given unsynchronized traffic bursts. For either option, in case CSI would be transmitted in a different PUCCH resource than HARQ-ACK, there would be a need to indicate this resource. In the following, we propose an enhancement that addresses these concerns.
The first drawback of increasing DCI overhead could be avoided by implicitly triggering the CSI reporting based on an existing indication of the DCI. Since the functionality is targeting URLLC, it would make sense to trigger only when the priority indication indicates high priority. The maximum number of transmitted reports after triggering could also be configured to limit the uplink overhead.
CSI reporting for every PDSCH assignment with high priority may not be desirable. Ideally the reporting should be restricted to the first PDSCH (or first few PDSCHs) of a traffic burst. One way to enable this is allow the network to pre-activate the triggering of CSI report from DL assignment using a MAC CE. 
The MAC CE activating the trigger could also point to a CSI reporting configuration including a PUCCH resource configuration for reporting, if reporting of CSI and HARQ-ACK in separate resources is desired. This would address the problem of indicating a PUCCH resource for CSI in the DL assignment.
Such type of operation is illustrated in Figure 1. It would be very similar to already defined semi-persistent reporting on PUCCH, except that the actual transmission of CSI reports starts only upon reception of a DL assignment. Hence this could be referred to as “event-triggered” semi-persistent CSI reporting. An important benefit of this scheme over R15 semi-persistent CSI reporting is that it allows configuration of very short periodicity for the CSI report without increasing uplink overhead because actual CSI reports are only transmitted at the beginning of a traffic burst. In addition, there is no need to add new fields to DCI formats.


[bookmark: _Ref47641668]Figure 1. Event-triggered semi-persistent CSI reporting
Proposal 1: Support enhanced CSI feedback based on event-triggered semi-persistent CSI reporting.
Proposal 2: UE may be configured to transmit CSI report upon a trigger condition activated by MAC CE.
Proposal 3: When activated by MAC CE, a CSI reporting trigger condition includes the reception of DCI assignment with high priority indication.
Enhanced CSI reporting type
Reporting of worst-M CQI sub-bands was proposed to enable selection of suitable MCS in bursty interference conditions. The worst-M CQI may provide more accurate estimate of the MCS required to achieve a low BLER target, which improves spectral efficiency. However, the network can also obtain and infer the same information by configuring subband CSI reporting for all subbands. From this perspective, the benefit of worst-M CQI could be seen as saving overhead.
To some extent, CSI enhancements targeting bursty interference conditions could be seen as a complementary to enhanced CSI triggering enhancements such as presented in the previous section. The former may be more useful for UE’s subject to big interference variations (e.g. at cell edge) while enhanced CSI triggering may be more useful for UE’s subject to fast channel variations. Hence, if evaluations indicate benefit, it could potentially make sense to specify enhancements such as worst-M CQI in addition to enhanced CSI triggering.
Proposal 4: Study benefits of CSI report type enhancements under bursty interference conditions.
Conclusion.
This contribution proposed to support a enhanced CSI feedback scheme based on a modification to semi-persistent CSI reporting in which the UE starts the transmission of CSI reports when an event is triggered. The contribution also proposed to study benefits of CSI report type enhancements under bursty interference conditions.
Proposal 1: Support enhanced CSI feedback based on event-triggered semi-persistent CSI reporting.
Proposal 2: UE may be configured to transmit CSI report upon a trigger condition activated by MAC CE.
Proposal 3: When activated by MAC CE, a CSI reporting trigger condition includes the reception of DCI assignment with high priority indication.
Proposal 4: Study benefits of CSI report type enhancements under bursty interference conditions.
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Appendix
System level simulation assumptions
	Parameters
	Value

	Layout
	Single layer (Macro)

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	System bandwidth 
	20 MHz

	Channel model
	3D Uma

	Bs Tx power
	49 dBm

	Subcarrier spacing
	30 kHz

	Antenna configuration
	4 x 4
32 antenna elements at the gNB
4 antenna elements at the UE

	User distribution
	80% indoor, 20% outdoor
10 UEs per cell

	Scheduler
	Time-domain PF SU-MIMO

	Traffic model
	FTP Model 3 (with Poisson arrival) and packet size of 32 bytes. Load is 250 pps (per UE)

	Channel Estimation
	Realistic

	UE receiver
	MMSE-IRC
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