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Discussion and Decision
1
Introduction
In RAN plenary #75, WID on NR has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC). 3GPP work on the ultra-reliable part of URLLC is scheduled to start after RAN#76. In this contribution, we consider the URLLC UCI transmission and related PUCCH design from the low latency perspective.  
2
Discussion
With low-latency UCI we refer to HARQ-ACK and scheduling request (SR) that are related to URLLC or other latency critical traffic. To meet the associated low latency requirements, specific solutions are needed for this control information. For example it may be advantageous, in addition to 1-bit SR, to support also a scheduling request option carrying more information than that as discussed in the company contribution [2]. However, the need to support low latency channel state information (e.g. supporting CSI feedback with a granularity smaller than slot) in addition to normal channel state reporting is not clear. It should be kept in mind that multiplexing of any low latency traffic with e.g. eMBB traffic easily leads to a cost in terms of system complexity, throughput or overhead, and introduction of low latency signals that are not strictly needed should be avoided. 
Observation 1: UCI that requires low latency delivery (a.k.a. low-latency UCI) in order to support low latency traffic (including URLLC) contains HARQ-ACK and SR.
Aligning low-latency traffic related HARQ-ACK/SR transmission with slot structure introduces additional delays to HARQ retransmission on DL and to packet scheduling on UL (in the case of grant-based transmission). These delays can be unacceptable when reaching for the tight URLLC reliability requirement of 10-5 for a small packet with a user plane latency of 1 ms [3]. Correspondingly, it has been captured in the NR Technical Report [4] that for URLLC, time interval between SR resources configured for a UE can be smaller than a slot. 
Therefore, low-latency UCI requires a PUCCH design where PUCCH transmission can occur in multiple time positions in a slot. We see that the PUCCH for low-latency UCI can be based on the short PUCCH design, with the flexible PUCCH time position in a slot being one of the main changes.     
Proposal 1: PUCCH design for low-latency UCI uses the short PUCCH design with flexible time position in slot. 

It is expected that there can be a wide range of services requiring high or ultra reliability with low latency. Correspondingly, there will be different levels of service requirements, although satisfying the tightest requirement – 1ms user plane latency with 10-5 reliability – has taken most of the attention. Further, some eMBB traffic may also be latency critical – gaming is one such example, as well as UL TCP ACK’s. On the other hand, meeting the tightest latency & reliability requirements is very costly in terms of radio resources. Significant savings in the used radio resources can result even from a moderate change in the latency & reliability requirements of service. Hence it is important that the latency & reliability provided to a service is aligned with the actual requirements of service. To achieve that, it is reasonable to support a sufficient number of configuration options for low-latency traffic. This allows network to apply appropriate configuration so that the service requirements are met while minimizing the cost on the required radio resources.
In the case of low-latency UCI, it should be possible for network to configure whether the low-latency UCI is transmitted immediately, despite of any detrimental impacts to other ongoing UL transmissions, or UCI transmission can wait for next slot boundary. It requires further studies whether configuration is semi-static or, at least partially, based on dynamic signaling.     
Proposal 2: Multiple configuration options for transmitting low-latency UCI are supported for low-latency traffic.
As discussed earlier, UCI transmission for URLLC with the tightest latency & reliability requirements may not have the latency budget to wait for the next slot. Hence, there needs to be a configuration option supporting multiple UCI transmission opportunities within a slot so that the UCI can be transmitted with minimal delay. 
However, UE may already have started long PUCCH transmission, arising the question of how to handle the transmission of long PUCCH and low-latency UCI at the same time. In our view, simultaneous transmission of UCI for both low-latency traffic and for other traffic can be supported. Of course, there are some specific aspects that need to be considered in the case of simultaneous transmission of UCI: 
·  Special rules are needed for situations where UE does not have enough Tx power to transmit both UCIs at the targeted power level. In such a case, we prefer that UCI for the other traffic is either dropped or transmitted with a reduced power. The other traffic has latency budget as well as HARQ and ARQ mechanisms to recover from failed UCI transmission while those mechanisms may not be available for low-latency traffic. Further, the symbols with scaled down Tx power remain useful with QPSK modulation 

·  When allocating DL resources for low-latency traffic, gNB cannot assume that UE has received DL grant that triggers long PUCCH transmission. Hence separate PUCCH resources need to be allocated for low-latency traffic related UCI. Simultaneous transmission can occur in FDM by using both PUCCH resources available. However, once the design of PUCCH structure as well as PUCCH formats are more mature, it is worth to consider whether it is reasonable to multiplex both UCIs on the same PRBs for potential benefits e.g. in DMRS overhead and PAPR/IMD.

Hence it is clear that the details of simultaneous UCI transmission depend at least to some extent on the detailed design of PUCCH and can be addressed only when the PUCCH design is more complete.    
Proposal 3: As a configuration option, simultaneous UCI transmission for low-latency traffic and for other traffic is supported. In case of UE power limitation, UCI for other traffic is scaled down or dropped.

Observation 2: Details of simultaneous UCI transmission for low-latency traffic and for other traffic depend on the design of PUCCH structure and formats and can be addressed once the PUCCH design is more complete.

On the other hand, UCI for low-latency traffic with less stringent latency & reliability requirements may wait till the next slot for transmission. This allows for joint coding of all available UCI followed by transmission on a single PUCCH resource. PUCCH transmission in this way provides better coverage and consumes less resources. Similar situation is faced also when UCI for low-latency traffic overlaps with short PUCCH preparations and transmission. Hence we propose that a configuration option for joint coding and transmission of UCI for low-latency traffic and for other traffic is also supported.
Proposal 4: As another configuration option, joint coding and transmission of UCI for low-latency traffic and for other traffic is supported.
3
Conclusion
In this contribution we considered the URLLC UCI transmission from the low latency perspective. Based on the discussion, we made the following observations and proposals:

Observation 1: UCI that requires low latency delivery (a.k.a. low-latency UCI) in order to support low latency traffic (including URLLC) contains HARQ-ACK and SR.
Observation 2: Details of simultaneous UCI transmission for low-latency traffic and for other traffic depend on the design of PUCCH structure and formats and can be addressed once the PUCCH design is more complete.
Proposal 1: PUCCH design for low-latency UCI uses the short PUCCH design with flexible time position in slot. 
Proposal 2: Multiple configuration options for transmitting low-latency UCI are supported for low-latency traffic.
Proposal 3: As a configuration option, simultaneous UCI transmission for low-latency traffic and for other traffic is supported. In case of UE power limitation, UCI for other traffic is scaled down or dropped.
Proposal 4: As another configuration option, joint coding and transmission of UCI for low-latency traffic and for other traffic is supported.
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