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Introduction
At RAN1 #102-e, the following was agreed:
Agreements:
· Study/evaluate further on following CSI enhancement schemes in terms of technical benefit, specification and implementation impacts.
· New triggering methods for A-CSI and/or SRS
· New reporting based on one or more of the following:
· Case 1: channel/interference measurement for new CSI reporting, considering aspects such as one or more of the following:
· Reporting more accurate interference characteristics
· Reduced CSI feedback overhead (e.g., reporting interference measurement only)
· Enhanced CSI reporting such as WB/SB CQI
· Case 2: other measurement (other than channel/interference) for additional information
· E.g., PDCCH/PDSCH decoding, recommended HARQ RV sequence, etc.
· It targets to help gNB scheduler for better link adaptation of (re)transmission 
· [Reduced CSI computation time/complexity]
· [CSI feedback for PDCCH]  
· Other CSI enhancement schemes that enable accurate MCS selection are not precluded
· Detailed assumptions of the proposed CSI enhancement schemes should be provided by the proponent, such as
· Reporting values
· Triggering conditions for the reporting
· Associated measurement resource
· Uplink resource to be used for the reporting
· How to use the reported information at the gNB scheduler
· CSI-RS overhead and CSI reporting frequency 
· CSI reporting latency/timeline
· Etc.

In this contribution we provide our initial views on those enhancements. 
Discussion on new reporting type
During the study item stage of URLLC/IIoT of Rel-16, the processing timeline for URLLC/IIoT was studied by companies and the evaluation has been captured in TR 38.824.  To support URLLC/IIloT with stringent latency requirement, in one approach, the network can choose the MCS level conservatively, and ensure there is a high probability that a UE receives a single transmission and decodes transmitted data packet successfully. With that transmission approach, the number of UEs which can be supported in a network can be rather small, as each of them consumes considerable resource accompanying with the low MCS level assignment, which translates into low system spectral efficiency of the network. Given spectrum can be rather scarce, serving a small number of UEs while meeting URLLC’s latency & reliability requirements may not be an economically viable solution.  In another approach, the network may not choose the MCS level conservatively for the first transmission. For example, targeting a block error rate at or instead of ; then for most cases, with a not small probability (or the first transmission of a transport block leads to its successful decoding at a UE; then only for the fractional cases (or ), HARQ retransmission is needed. For retransmission, the base station can choose a robust transmission to ensure the high reliability (e.g.  error rate after retransmission(s)) is achieved. With the second approach, a higher system spectrum efficiency can be achieved than in the case with the first approach.

From the study item phase evaluations, it is also seen that in many cases, the second transmission (or the first retransmission) is the only chance for the network to retransmit the transport block as the latency requirement can be quite stringent (e.g. 1 millisecond). From that, how to provide useful feedback information to the network by the UE becomes a critical issue.

When reviewing the current NR framework for hybrid ARQ transmission scheme and CSI feedback framework, we identify two issues:

Issue 1:

In the conventional hybrid ARQ transmission scheme, the UE feeds back HARQ-ACK with either ACK to NACK in response to a successful or failed decoding of a transport block; the network retransmits the transport block with an additional PDSCH; and the UE tests whether it can decode the transport block successfully with the newly available soft bits, and generates another HARQ-ACK feedback as a result. The hybrid feedback retransmission scheme can take multiple rounds until the UE finally receives the transport block successfully. For an URLLC application, the network and the UE may not have the luxury of multiple rounds of information exchange between them, in this contribution we propose to study several options to address this issue. 

Issue 2:

Also conventionally for CSI feedback, from measurement of the desired channel (from CMR (Channel Measurement Resource)) and interference (from ZP IMR (Zero Power Interference Measurement Resource), which is also called CSI-IM in the NR specification) and potentially structured interference from NZP IMR (None Zero Power Interference Measurement Resource), the UE generates a feedback including all or some of CQI, PMI and RI for a hypothetical transmission with a targeted block error rate over a reference resource, which inherently does not have anything to do with the ongoing URLLC transmission, the gNB cannot easily deduce actionable information from the feedback. To address the current framework’s deficiency, we also propose to study options to address this issue. 
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Figure 1 HARQ feedback in Rel-15/Rel-16
Discussion on potential enhancements
In conventional hybrid ARQ scheme, as latency requirement may be more relaxed, e.g. for eMBB, than for URLLC, the network and the UE can afford to use parsimony of feedback information: HARQ feedback consisting of a single feedback bit for each round of feedback, and potentially conducted over many rounds to explore and finally find the number of retransmissions needed for successful decoding.  

In URLLC, in many cases, due to stringent latency requirement, the 2nd transmission is the only opportunity for the gNB to provide more coded bits to the UE, so they can be combined with previously received coded bits (LLRs) for successful decoding. As such, if a UE does not decode PDSCH successfully for the first transmission or for a retransmission when the latency bound is in danger of being exceeded, the more relevant information for the UE to provide is not merely the fact the UE fails to decode the transport block, rather how much more redundancy is needed from the gNB to allow the UE to decode the transport block in the next attempt, which can be the only chance for the UE to receive the transport block within the latency bound. From that, it is reasonable to allow the UE to indicate how much redundancy is needed further for the UE to decode the transport block. Also the UE can consider the current status of the soft buffer in its feedback to the gNB. We suggest considering the following scheme:

A basic redundancy version sequence with [0 2 3 1] is agreed between the gNB and UE beforehand; and the redundancy version sequence of length  recommended by the UE is read out over the basic redundancy version sequence with  a starting position, and wrap-around is used if the last element of the basic redundancy version sequence is reached before the desired length is met, as shown in Figure 2, the UE can recommend a starting position at “3” with length 3 (or 3 versions), so [3 1 0] can be indicated to the gNB. Other examples include: 

a. [0 2], starting version “0”, length 2;
b. [0 2 3 1], starting version “0”, length 4;
c. [2 3 1], starting version “2”, length 3.
d. [3], starting version “3”, length 1.
The benefit of indicating the starting version can be seen as follows:
A number of factors affect the status of UE’s soft bits: the redundancy versions utilized in previous transmissions, missed reception of PDCCH scheduling transmission of PDSCH, interference from other cells, aged CSI which leads to sub-optimal MCS level selection. While the UE has a clear view of the current status of its soft bits, affected by those listed factors at least, the gNB may be oblivious of them. We use two cases below to illustrate that.

· In one case, the first transmission is with redundancy version “0”, and the UE receives the PDSCH with benign channel/interference condition, and the UE determines just a little bit more redundancy information from the gNB would allow it to decode the transport block successfully, and in this case the UE can indicate redundancy version “1” for retransmission (e.g. for lowering the code rate);

· In another case, the first transmission is with redundancy version “0”, and the UE receives the PDSCH with severe interference and/or channel fading, the soft bits for systematic bits of codeblock(s) are unreliable, then the UE can ask for retransmission to start with redundancy version “0” to ensure systematic bits are retransmitted. 
	 
	It can be seen that the UE may desire different starting version for the recommended redundancy version sequence, depending on the current status of its soft bits. Including a length of the HARQ redundancy version sequence essentially provides to the network on the shortage to successful decoding. The gNB can choose to use  times of the resource allocation as the current one’s.
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Figure 2 wrap-around read-out with the basic redundancy version sequence at [0, 2, 3, 1] 
A number of examples are provided in Figure 3. 
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Figure 3 Examples of enhanced HARQ feedback schemes 


We have
Proposal: study the benefit of UE’s recommendation of a HARQ redundancy version sequence to the gNB: 
	If the UE receives the transport block correctly, 
the UE feeds back “ACK”; 
	Else the UE feeds back a HARQ redundancy version sequence   which can be indicated by assuming read-out over a basic redundancy version sequence say [0 2 3 1] with a starting version and a length .  
Discussion on AP CSI over PUCCH
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 measurement resources include 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. 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.  

3. Conclusions
In this contribution we share our views on HARQ/CSI-RS enhancements. We have

Proposal: study the benefit of UE’s recommendation of a HARQ redundancy version sequence to the gNB: 
	If the UE receives the transport block correctly, 
the UE feeds back “ACK”; 
	Else the UE feeds back a HARQ redundancy version sequence   which can be indicated by assuming read-out over a basic redundancy version sequence say [0 2 3 1] with a starting version and a length .  
 

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.
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