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1. 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] 

Under Objective 1, HARQ feedback enhancement and CSI feedback enhancement should be studied. 

In this contribution we provide our initial views on those enhancements. 
2. Discussion on HARQ/CSI enhancements

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
2.1 Discussion on HARQ 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 1: 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 .  
2.2 Discussion on CSI enhancements
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, the more relevant information for the UE to provide is not how well the current channel condition supports a hypothetical transmission, but the number of additional coded bits required with the current transmission parameters to allow the UE to decode the PDSCH; which motivates the effort to make CSI feedback more relevant to the PDSCH transmission. 

Related to the discussion under Section 2.1, the UE feeds back the recommended redundancy version sequence, and in addition the UE feeds back some or all of CQI, RI, and PMI according to CMR, ZP IMR and NZP IMR; the feedback on CQI and PMI can be either for wideband and/or subband.

The recommended redundancy version sequence is of immediate importance/interest to the underlying transport block decoding, while {CQI, RI, PMI} can be of value to other transmissions as well. 

If the enhanced feedback can be triggered by a downlink DCI so the downlink DCI can indicate both PDSCH and CSI measurement resources; rate matching around the indicated CSI measurement resources is conducted; and the CSI feedback and enhanced HARQ feedback (recommended redundancy version sequence) are multiplexed and carried over PUCCH indicated by the downlink DCI. More details can be found in our companion paper [3].

We have

Proposal 2: study the benefit of CSI feedback along with enhanced HARQ feedback. 


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

Proposal 1: 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 .  
 

Proposal 2: study the benefit of CSI feedback along with enhanced HARQ feedback. 
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