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Introduction
At RAN #86, a new work item “Enhanced Industrial Internet of Things (IoT) and URLLC support” was approved [1].  
At RAN #88-e, the WI was updated [2].
There are five objectives for the approved work item:

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 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum


3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 


In this contribution, we provide our view on CSI feedback enhancements.

CSI feedback enhancements 
CSI feedback is a key component in modem communication system design. Compared with previous generations of wireless communication technologies, LTE and NR provide higher spectral efficiency through design such as higher order modulation and MIMO transmission. CSI feedback enhancement plays a key role in unlocking the potential in boosted spectral efficiency coming with MIMO. 

A partial list of aspects involved in CSI feedback design can be found below: 
1. CSI measurement resources;
2. CSI reporting quantity;
3. CSI triggering mechanism
4. CSI reporting channel (PUCCH vs PUSCH)
5. CSI processing timeline

During Rel-15 SI, CSI feedback was discussed. Several topics are captured in the Rel-16 URLLC TR:
1. AP-CSI over PUCCH
2. DMRS based CSI measurement


Towards the RAN plenary meeting in December 2019, some companies also proposed to consider tighten CSI processing timeline. 

From the WI description, as DMRS based CSI feedback is excluded for the reason such a topic is more suitable under a MIMO WI, we propose the scope of the CSI feedback agenda item should be clarified. 

For CSI feedback enhancement, as it is made clear to “allow for more accurate MCS selection”, our understanding on that is the CSI feedback enhancement should deliver benefits such as percentage of packets meeting latency bound, or allowing a larger number of UEs  served in a network while all of them meet the latency/reliability requirements. As Rel-17 will be the third release of NR, while enhancements in previous releases over LTE or Rel-15 NR can be easily motivated and justified, potential enhancements in Rel-17 may not be so intuitively justified; that calls for rigorous evaluation of candidate solutions and defining evaluation methodology for that. 

Discussion on the support of AP-CSI over PUCCH

From the WID wording concerning feedback enhancement, the scope of  CSI feedback enhancements and candidate technologies for CSI feedback still need to be clarified. Here we review one candidate technology which was considered during Rel-16 SI.

For the discussion of AP-CSI over PUCCH, we assume the following:

For CSI measurement, the measurement resources are still as found in Rel-16, i.e. CSI-RS including CSI-RS for CMR and IMR,  CSI-IM. Whether CSI-RS for other use cases such as beam management and TRS can be further discussed. For measurement over P/SP CSI measurement resources, we don’t envision any change is needed in Rel-17. For AP CSI resources, which can be triggered by an uplink DCI in both Rel-15 and Rel-16, we can discuss extension of the triggering mechanism to DL DCIs, such as DCI format 1_1 and 1_2; by introducing a trigger state field in DL DCI 1_1 and 1_2 respectively. Following the design precedence established for new DCI formats under URLLC, the trigger state field should be made configurable through RRC signaling. 

As for CSI report quantity, in Rel-15, 8 report quantities including “none” are supported; in Rel-16, L1-SINR is further introduced. If no new CSI report quantity is introduced, then the same trigger state list (CSI-AperiodicTriggerStateList)  can be shared between uplink DCI formats and downlink DCI formats. In the current trigger state design, one trigger state can be associated with up to 16 CSI reports (maxNrofReportConfigPerAperiodicTrigger = 16). Considering for URLLC, the number of CSI reports needed for the gNB to make scheduling decision may not be so many, e.g. only CSI reporting relevant to the ongoing transmission is needed, and for other transmissions CSI reporting can be shared between eMBB and URLLC traffic, the number of CSI reports associated with a trigger state can be much reduced, e.g.  reducing the number of CSI reports to one for AP CSI reporting triggered by a DL DCI. Considering from that angle, it seems also possible and perhaps even desirable to introduce a separate trigger state list for DL DCIs.  In any case, with trigger state lists for both DL DCIs and UL DCIs, on-chip memory is required to store the trigger state information, hence the total number of trigger states including those for DL and uplink DCIs should be limited.  For that, a UE capability can be introduced to limit the total number of activated trigger states for both DL DCIs and UL DCIs. While this is just the first meeting of Rel-17 IIoT/URLLC, it may be helpful to map out all the potential issues and solutions, which can facilitate discussion on them.  We have

Observation: If separate trigger state lists are introduced for DL DCIs and UL DCIs,  the total number of activated trigger states should be limited; and the supported total number is a UE capability. Alternatively the total number of trigger states associated with DL DCIs is limited to X (X is FFS), and X is a UE capability.

In DCI format 0_1 and 0_2, the PRI indication is used to indicate the PUCCH resource for HARQ-feedback. For DL DCI triggered AP-CSI report, if PRI is introduced in a DL DCI, the UCI for CSI feedback can be multiplexed with HARQ-feedback in the indicated PUCCH resource.  


We note the scope of this agenda item needs clarification, and candidate proposals can be rather diverse.  For that, evaluation methodology should also be agreed upon, so rigorous evaluations can be conducted over candidate proposals. In  Rel-16 SI, evaluation methodology is already captured in the URLLC TR, so we do not need to start from scratch. Hence, we have


Proposal: To evaluate proposals on CSI feedback enhancement, use the evaluation methodology captured in TR 38.824 as a starting point.

Conclusions
In this contribution we provide our view on Rel-17 CSI enhancement under IIoT/URLLC. We have

Observation: If separate trigger state lists are introduced for DL DCIs and UL DCIs,  the total number of activated trigger states should be limited; and the supported total number is a UE capability. Alternatively the total number of trigger states associated with DL DCIs is limited to X (X is FFS), and X is a UE capability.

Proposal: To evaluate proposals on CSI feedback enhancement, use the evaluation methodology captured in TR 38.824 as a starting point.
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