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Introduction
This paper is revised from R1-1717094. In the NR WI, the scenarios and requirements defined for URLLC is provided in [1]. Considering the special reliability and latency requirements, the UCI feedback mechanisms of URLLC should be discussed. UCI can be transmitted through PUCCH or PUSCH. In principle, short PUCCH is more favorable for URLLC considering its low latency requirement. As for UCI transmission on PUSCH, the UCI mapping rule should also take the URLLC requirements into account. 
Some agreements were reached in the previous meetings about the resource allocation for PUCCH and UCI piggyback on PUSCH, including:
In RAN1 #88 meeting [2] 
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
In RAN1 AH #03 meeting [3]
· Support A-CSI on short PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering, [working assumption: including with Y>0]
· FFS: timing relationship relative to CSI-RS
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI.
· Confirm the working assumption:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
· For UCI on PUSCH, support both dynamic and semi-static  indication
· FFS the applicable case(s) for dynamic vs. semi-static indications
In RAN1 90b meeting [4]
· For dynamically scheduled PUSCH transmission, a plurality sets of beta-offset values can be configured by RRC signalling, and PDCCH can dynamically indicate an index to a set. 
· Each set contains a plurality of entries, each corresponding a respective UCI type (including two-part CSI when applicable) 
· FFS the case when the index is not present in DCI
· The beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE
· The set of beta-offset values for each respective UCI use the respective set of values as in LTE as a baseline
· The values are subject to refinement especially taking into account different UL waveforms, different UCI multiplexing mechanisms (puncturing vs. rate matching), etc.
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule
· FFS details
· FFS the case when hopping is enabled
· For triggering A-CSI on short PUCCH, the scheme(s) are to be decided by control channel and/or scheduling/HARQ session(s) in RAN1#91.
· Choose at least one from Alt1, Alt2, and Alt3
· In choosing the scheme(s), consider CA (multi-cell) operation as well as transmission of HARQ-ACK and A-CSI in separate TDMed short PUCCH allocations and in a same short PUCCH allocation
In this contribution, we provide our considerations on UCI feedback for URLLC. 
UCI transmission to support URLLC
In general, for DL data transmission, HARQ-ACK feedback is used to enable DL HARQ operation and the CSI reports facilitate efficient DL scheduling, etc. As for URLLC, the reliability of 99.999% for 32 bytes should be ensured within a user plane latency of 1 ms [1] for both DL and UL services. 
For the HARQ-ACK feedback, there are two different kinds of errors: ACK missed detection and NACK to ACK error. The ACK missed detection results in unnecessary data retransmissions and has limited impact to reliability. On the other hand, when NACK to ACK error happens, this can only be detected at RLC layer and RLC retransmission usually incurs a delay of tens of milliseconds. Even if the scheduling interval can be reduced at physical layer in NR, the delay may still be unacceptable. In LTE, the NACK to ACK error requirement is 0.1%. According to the above discussion, the NACK to ACK error should be studied further in order to guarantee the overall reliability requirement of URLLC. 
Observation 1: Identify the NACK to ACK error rate for URLLC in order to guarantee the overall reliability requirement.  
Since UCI can be transmitted through PUCCH or PUSCH, both UL control channel design and UCI transmission on PUSCH should take the above performance requirements into account. 
Design of PUCCH to support URLLC
· UCI type to support URLLC
To prepare the HARQ-ACK feedback for DL transmission, it takes the UE a period of time to decode the corresponding DL data. To satisfy the low latency requirements of DL URLLC, it is proposed to support HARQ-less transmissions with automatic repetitions without traditional HARQ-ACK feedback in [5]. On the other hand, the CSI feedback can be used to adjust the DL transmissions. However, the DL URLLC transmission may be sporadic. Then periodic CSI report may not track the channel variation to adjust the scheduling in an efficient manner. 
Without HARQ-ACK and proper CSI feedback, the gNB has to schedule the DL URLLC transmission in the most conservative way. For example, the allocated resources, MCS level, MIMO mode, transmission power, and etc for each repetition should be robust enough to meet the URLLC reliability requirements. This is inefficient from the resource usage point of view. For this issue, a low latency CSI (LL-CSI) after the initial DL transmission can be considered. The LL-CSI can be measured based on the reference signals in the initial transmission. The LL-CSI report can be up-to-date for the subsequent transmissions since there is no need of waiting for the UE decoding results. Benefiting from the LL-CSI report, the subsequent repetitions can be operated efficiently with proper link adaptation. 
During the email discussion after RAN1 90b, three alternatives are discussed in terms of how to trigger and allocate resource for aperiodic CSI (A-CSI) on short PUCCH. Although no consensus is reached, most of the companies support Alt1, i.e., triggering A-CSI on short PUCCH by DL-related DCI, mainly to achieve a more flexible PUCCH resource allocation for A-CSI by reusing the resource allocation bit field for HARQ-ACK. Besides, it should be noted that A-CSI on short PUCCH always occurs in DL heavy slots, and hence bounding A-CSI triggering with UL grant makes no sense, leading to unnecessary UL grant and inefficient resource utilization. 
LL-CSI can be deemed as one kind of A-CSI, which can be reported on short PUCCH and triggered by DL-related DCI. Note that the A-CSI report is only based on the linked CSI-RS resources specified in measurement settings, while the LL-CSI can be reported based on the DMRS or CSI-RS resource within each or part of the repetitions. 
Proposal 1: Support LL-CSI report on short PUCCH for URLLC, and LL-CSI should be triggered by DL-related DCI.
· PUCCH resources associated with URLLC transmission
As discussed above, the HARQ-less repetition scheme can be adopted for DL URLLC in which the LL-CSI report is introduced for fast and accurate link adaption in each subsequent transmission. Besides, an early termination mechanism can also be integrated to avoid redundant resource occupation. As a result, UE may be asked to report the LL-CSI and/or HARQ-ACK in DL URLLC, possibly both on short PUCCH for latency reduction.
It has been agreed that UE can be configured with a set of PUCCH resources through high-layer signalling and then indicated by DCI to use one PUCCH resource to report HARQ-ACK. Similarly, the joint semi-static configuration and dynamic indication method can be adopted for resource allocation for the LL-CSI report. According to the email discussion after RAN1 90b, most of the companies support to reuse the resource allocation bit field for HARQ-ACK in DL-related DCI to jointly indicate the allocated PUCCH resource for A-CSI, and the allocated resources for HARQ-ACK and A-CSI can be either a same one or two different resources in a TDM manner. The former is shown in Figure 1, and should be studied with high priority. In such a case, joint coding of HARQ-ACK and A-CSI is expected. Since it be deemed as A-CSI to some extent, the LL-CSI also follows this resource allocation method. Note that the LL-CSI feedback may require a very small report delay, and hence the time difference Y between DL-related DCI and LL-CSI report should be as small as possible, e.g., Y=0 (already agreed) or Y=1, which can be pre-configured by RRC signaling. Besides, the detailed method for joint coding can be flexible with some prescribed combination rules. For example, if the LL-CSI is used for MCS adjustment in subsequent transmission, only ACK is coded and transmitted in case of successful data decoding, while only LL-CSI is coded and transmitted in case of unsuccessful data decoding. Then only NACK is coded and transmitted after all repetitions and unsuccessful data decoding.


Figure 1 Illustration for LL-CSI triggering and resource allocation
Moreover, in case of separate PUCCH resources for HARQ-ACK and LL-CSI, these two messages could also be jointly coded and transmitted on one PUCCH resource with prescribed combination rules if they have similar reliability/latency requirements and the selected PUCCH resource is large enough to bear these two UCI messages.
Proposal 2: Reuse the resource allocation bit field for HARQ-ACK in DL-related DCI to indicate resource allocation for LL-CSI, while the allocated resources for HARQ-ACK and LL-CSI can be either identical or different and the reporting delay for LL-CSI should be small, e.g., Y=0 or Y=1.
· Configurable PUCCH resource set
During the last meeting and subsequent email discussion, most of the companies have reached a consensus on the observation that different PUCCH resource sets can be configured to accommodate different UCI payloads, given a robust mechanism is available to guarantee the common understanding of UCI payload between gNB and UE. This is straightforward since using the same resource to bear UCI with different payloads leads to varied coding rate and hence uncontrolled transmission reliability. However, even for UCI with the same payload, its reliability can be different. For example, to achieve 99.999% reliability target for DL data service, the reliability requirement for HARQ-ACK varies according to the reliability of PDCCH and PDSCH [6]. Therefore, the reliability requirement for PUCCH should be able to be adjusted according to different coverage, traffic demand, BLER target, etc. 
Moreover, the transmission latency of PUCCH is also important for DL URLLC. For example, for LL-CSI-assisted repetition, the PUCCH to bear LL-CSI report should be as short as possible, enabling fast link adaption, while for HARQ-based repetition, since the data decoding time is more dominant, the PUCCH duration could be suitably extended to increase the reliability of HARQ-ACK feedback. 
As a result, how to configure PUCCH resource set and enable flexible resource selection for different reliability/coverage as well as latency requirement is much important. This has also been discussed in the last meeting, and most of the companies have reached a consensus to support dynamic switching between different PUCCH duration types, at least between short PUCCH and long PUCCH. In other words, the configured PUCCH resource set should at least contain PUCCH resources with variable time durations. For example, it is better to select a short PUCCH resource to deliver LL-CSI report for the purpose of latency reduction, while for power-limited UEs, long PUCCH may be a better choice with the number of occupied symbols adaptively selected to balance the latency and reliability/coverage requirement. Alternatively, PUCCH repetition may be another method to increase the transmission reliability. Different from one-shot long duration PUCCH, repetition of several relatively short duration PUCCHs enables fast UCI reception at gNB, and hence should be considered in the design of resource allocation for PUCCH. Note that the 2-symbol PUCCH with up to 2 bits can be deemed as the repetition of 1-symbol PUCCH.
Proposal 3: Configure PUCCH resources with different duration types in one PUCCH resource set, and different PUCCH repetition configurations should be supported, to deliver UCI with different latency and reliability/coverage requirements.
Design of UCI transmission on PUSCH to support URLLC
· Mapping rule for UCI on PUSCH
It has been agreed within the email discussion that the same RE mapping rule is applied for HARQ-ACK piggyback on PUSCH, regardless of HARQ-ACK puncture or rate match PUSCH. Meanwhile, two detailed options should be down-selected, including 
· Opt1: map HARQ-ACK to REs around DMRS symbol(s)
· Opt2: map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.
For URLLC, the UCI feedback needs to be more accurate and instantaneous. On one hand, considering the low latency requirement of UCI for URLLC, these UCIs should be mapped to less and earlier symbols. On the other hand, distributing the UCIs onto more symbols in time domain is beneficial to improve the uplink coverage/reliability [7]. Therefore, Opt1 is preferred, i.e., HARQ-ACK should be mapped to REs around DMRS symbol(s), and in the meantime, the number of symbols for HARQ-ACK mapping should be configurable to achieve a trade-off between coverage and latency. Besides, it is simple to keep a unified mapping rule for HARQ-ACK and CSI, and hence CSI, including both CSI part 1 and CSI part 2, should also be mapped to REs around DMRS symbol(s). Similarly, to achieve a trade-off between latency and coverage, the number of symbols for CSI mapping should be configurable.
Moreover, considering the UE processing time for signal decoding as well as channel/interference measuring, HARQ-ACK and CSI may not be mapped on front-located symbols of PUSCH in a timely manner. In other words, the starting symbol in PUSCH for UCI to map should no early than the originally allocated PUCCH resources if the starting symbol of PUSCH resource is early than the starting symbol of allocated PUCCH resource.
Proposal 4: UCI should be mapped to REs around DMRS symbol(s), and the number of symbols for UCI mapping should be configurable.
Proposal 5: The starting symbol in PUSCH for UCI to map should no early than the originally allocated PUCCH resources.
· Beta-offset value and indication
[bookmark: _GoBack]In addition, it has been agreed that for UCI on PUSCH, support both dynamic and semi-static beta-offset indication. For the set of beta-offset values for each respective UCI, the respective set of values adopted in LTE will be used as a baseline, with the values subject to refinement especially taking into account different UL waveforms, different UCI multiplexing mechanisms (puncturing vs. rate matching), etc. However, the PUSCH may be URLLC service and has a higher reliability than UCI. Therefore, the beta-offset values in LTE should be expanded to at least contain beta-offset < 1. Furthermore, adding extra bit in DCI to dynamic indicate beta-offset may be unfriendly to the concept of compact DCI. Compact DCI aims at reducing the payload of DCI as much as possible to improve the DCI reliability, and is of great importance for URLLC service. As a result, the indication bit filed for beta-offset in compact DCI should be removed, and some implicit method can be adopted to indicate the value of beta-offset, e.g., e.g., configuring a conservative small beta-offset value for compact UL grant to guarantee the reliability of scheduled PUSCH. Alternatively, a set of small beta-offset values can be configured for compact DCI, and the specific value is selected adaptively according to the UCI content, the UCI payload size, and/or the repetition time of PUSCH if present.
Proposal 6: The beta-offset values in LTE should be expanded to contain beta-offset < 1, and an implicit method should be designed for indicating beta-offset in compact DCI.
Simultaneous UCI transmission with other channels
For one UE, it is possible that the UE is indicated to transmit short PUCCH while the UE has requirement to transmit UL grant free data in the same slot. The short PUCCH may relate to the performance of DL URLLC while UL grant free PUSCH corresponds to UL URLLC service, however the UCI is not key factor for one successful DL URLLC transmission. If the UE has the capability of simultaneous short PUCCH and PUSCH transmission, both of them can be transmitted in the same slot. However, if the UE does not has the simultaneous transmission capability or the UE has the capability while the transmit power is limited, UL grant free PUSCH should have priority over PUCCH when short PUCCH and UL grant free PUSCH occurs simultaneously for one UE.
Proposal 7: UL grant free PUSCH should have priority over PUCCH when short PUCCH and UL grant free PUSCH occurs simultaneously for one UE.
[bookmark: _Ref129681832]Conclusion
In this contribution, further considerations on the UCI feedback to meet the special latency and reliability requirements of URLLC are addressed. The following observation and proposals are reached.
[bookmark: _Ref477605641][bookmark: _Ref339367275]Observation 1: Identify the NACK to ACK error rate for URLLC in order to guarantee the overall reliability requirement.  
Proposal 1: Support LL-CSI report on short PUCCH for URLLC, and LL-CSI should be triggered by DL-related DCI.
Proposal 2: Reuse the resource allocation bit field for HARQ-ACK in DL-related DCI to indicate resource allocation for LL-CSI, while the allocated resources for HARQ-ACK and LL-CSI can be either identical or different and the reporting delay for LL-CSI should be small, e.g., Y=0 or Y=1.
Proposal 3: Configure PUCCH resources with different duration types in one PUCCH resource set, and different PUCCH repetition configurations should be supported, to deliver UCI with different latency and reliability/coverage requirements.
Proposal 4: UCI should be mapped to REs around DMRS symbol(s), and the number of symbols for UCI mapping should be configurable.
Proposal 5: The starting symbol in PUSCH for UCI to map should no early than the originally allocated PUCCH resources.
Proposal 6: The beta-offset values in LTE should be expanded to contain beta-offset < 1, and an implicit method should be designed for indicating beta-offset in compact DCI.
Proposal 7: UL grant free PUSCH should have priority over PUCCH when short PUCCH and UL grant free PUSCH occurs simultaneously for one UE.
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