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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-communications (URLLC). In this contribution, we consider the URLLC UCI transmission and related PUCCH design.  
2.
Discussion
With URLLC UCI we refer to HARQ-ACK and scheduling request (SR) that are related to URLLC traffic. To meet the associated low latency and reliability requirements, specific solutions are needed for this control information and the way to deliver such information. However, the need to support low latency and high reliability 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 highly reliable low latency traffic with e.g. eMBB traffic easily leads to a cost in terms of system complexity, throughput or overhead. Hence, introduction of any highly reliable low latency signal that is not strictly needed should be avoided. 
Observation 1: UCI that requires highly reliable low latency delivery to support URLLC contains HARQ-ACK and SR.
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 – 1 ms user plane latency with 10-5 reliability – has taken most of the attention. 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 URLLC. 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 URLLC UCI, it should be possible for network to configure whether the URLLC UCI is transmitted immediately, despite of any detrimental impacts to other ongoing UL transmissions, or UCI transmission can wait until the next slot boundary. It requires further studies whether configuration is semi-static or, at least partially, based on dynamic signaling.     
Proposal 1: Multiple configuration options for transmitting URLLC UCI are supported.
As discussed earlier, URLLC UCI 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. Additionally, URLLC UCI may use long PUCCH, providing better reliability at cost of increase in UCI latency. Similar situation is faced also when UCI for URLLC overlaps with short PUCCH preparations and transmission. Hence, we propose that a configuration option for joint coding and transmission of UCI for URLLC and for other traffic is also supported.
Proposal 2: As a configuration option, joint coding and transmission of UCI for URLLC and for other traffic is supported.
On the other hand, UCI transmission for URLLC with the tightest latency & reliability requirements may not have the latency budget to wait till the next slot. Aligning URLLC 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 [2]. Correspondingly, it has been captured in the NR Technical Report [3] that for URLLC, time interval between SR resources configured for a UE can be smaller than a 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. Additionally, URLLC UCI requires a PUCCH design where PUCCH transmission can occur in multiple time positions in a slot. We see that the PUCCH for URLLC UCI can be based on the short PUCCH design, with the flexible PUCCH time position in a slot being one of the main changes. The agreement of “It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling” from RAN1#90 supports this very well.     

Proposal 3: PUCCH design for URLLC UCI uses the short PUCCH design with flexible time position in slot. 

However, UE may already have started long PUCCH transmission, arising the question of how to handle the transmission of long PUCCH and URLLC UCI at the same time. Simple yet brutal way is to puncture long PUCCH when short PUCCH carrying URLLC UCI occurs. This can lead to failure in the detection of long PUCCH and unnecessary retransmission of corresponding PDSCH(s). Additionally, puncturing of single long PUCCH transmission can destroy the orthogonality across long PUCCH transmissions when inter-symbol OCC is employed. This means that puncturing of long PUCCH can increase interference in the reception of other long PUCCH transmissions on same PRB.
In our view, simultaneous transmission of UCI for both URLLC and for other traffic should be supported to avoid unnecessary puncturing of long PUCCH. When considering the multiplexing of long PUCCH and short PUCCH for URLLC UCI from a single UE perspective, it is worth to note that gNB cannot assume that UE has received DL grant that triggers long PUCCH transmission when transmitting low-latency DL traffic. Hence gNB will allocate separate PUCCH resources for URLLC related UCI. This means that FDM is available for multiplexing of long PUCCH and short PUCCH. Figure 1 shows examples of FDM of long PUCCH and short PUCCH. FDM of long PUCCH and short PUCCH will change the UE Tx power in the middle of long PUCCH transmission. This can cause e.g. change in the signal phase. However, long PUCCH is a robust transmission using QPSK and the impact from phase change can be tolerated – especially in comparison to the puncturing of the signal. 
Of course, in the case where UE does not have enough Tx power to transmit both UCIs at the targeted power level, UCI for other traffic needs to be scaled down or dropped to improve the reliability of URLLC UCI despite of the drawbacks caused for UCI on long PUCCH. 
Proposal 4: As another configuration option, simultaneous UCI transmission for URLLC and for other traffic is supported. In case of UE power limitation, UCI for other traffic is scaled down or dropped.
Proposal 5: Long PUCCH and short PUCCH can be transmitted from one UE in the same slot in FDM manner. 

[image: image1]
Figure 1: FDM of long PUCCH and short PUCCH
In case with strict latency requirement, clearly short PUCCH suites better comparing to long PUCCH. However the potential problems related to short PUCCH for URLLC include at least reduced coverage and reliability. The situation becomes even worst with the simultaneous transmission of long PUCCH for other services and short PUCCH for URLLC. Even in case without simultansous transmission it is still possible that with a single transmission, the achieved reliability is not sufficient for the UEs at cell edge especially considering the short transmission time from short PUCCH. One simple and straightforward way to improve the reliability performance of URLLC UCI is repetition which helps for coverage enhancement as well. To be more specific, the PUCCH can be repeated on the consecutive UL portions for coverage and reliability enhancement especially when short PUCCH is used to deliver URLLC UCI. In case latency requirement can be relaxed, long PUCCH can be used for URLLC UCI as well and repetition can be applied to increase reliability. One simple example of how to allcate resource for repeated UCI transmission is illustrated below in Figure 2 with TDD system.
Observation 2: Repetitions are seen necessary to increase the reliability of the UCI for URLLC services.

[image: image2.emf]GAP

DL

UL

Time

F

r

e

q

u

e

n

c

y

Short PUCCH 

resource


Figure 2 Example resource allocation for repeated short PUCCH transmission (assuming 4 repetitions)
3.
Conclusion
In this contribution, we considered the URLLC UCI transmission from the low latency perspective. Based on the discussion, we made the following observation and proposals:

Observation 1: UCI that requires highly reliable low latency delivery to support URLLC contains HARQ-ACK and SR.
Observation 2: Repetitions are seen necessary to increase the reliability of the UCI for URLLC services.
Proposal 1: Multiple configuration options for transmitting URLLC UCI are supported.
Proposal 2: As a configuration option, joint coding and transmission of UCI for URLLC and for other traffic is supported.
Proposal 3: PUCCH design for URLLC UCI uses the short PUCCH design with flexible time position in slot. 
Proposal 4: As another configuration option, simultaneous UCI transmission for URLLC and for other traffic is supported. In case of UE power limitation, UCI for other traffic is scaled down or dropped.
Proposal 5: Long PUCCH and short PUCCH can be transmitted from one UE in the same slot in FDM manner. 
References
[1] RP-170847, “New WID on New Radio Access Technology”, NTT DOCOMO

[2] TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”, 3GPP
[3] TR 38.302, “Study on New Radio (NR) Access Technology; Physical Layer Aspects”, 3GPP
[image: image3.emf]f

L-PUCCH

L-PUCCH

ShortPUCCH

