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1 Introduction
The URLLC reliability requirements described below have been agreed and stated in the NR WI in 3GPP TR 38.913 [1] that was approved at RAN #75 meeting.
“For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.

NOTE1:
The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.”
“A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.”
To satisfy the general reliability requirement above, specific design considerations for the UCI transmission pertinent to the URLLC data transmission are required. Various UCI transmission techniques have been discussed at NR RAN1 meetings.
Furthermore, during the RAN#78 meeting, on the scope of URLLC for Rel-15 second drop, the document RP-172817 was endorsed with the following text:

· Study and specify if gains are identified

· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data

· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

· Handle UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption) 
In this contribution, we discuss design considerations for NR URLLC UCI transmission techniques based on UCI diversity and UE handling of UL multiplexing of UCI transmissions with different reliability requirements.
2 Discussion
2.1 URLLC NR PUCCH reliability
The general URLLC reliability requirement Pdownlink-data-transmission-error specified in [1] entails at least NR PDCCH BLER and PDSCH BLER requirement, as the URLLC downlink data transmission error can be a result of single NR PDCCH BLER or a NR PDSCH BLER following NR PDCCH success. 
Furthermore, the NR PDSCH BLER (PPDSCH-error) can vary based on the HARQ configuration, e.g. between HARQ-less and HARQ-based transmission and between HARQ-based transmission of different number of HARQ re-transmissions, etc.  NR URLLC applications may for example support HARQ-less transmission for system information broadcasting and HARQ-based transmission for unicast data transmission.
Thus Pdownlink-data-transmission-error for HARQ-less downlink data transmission can be express as below:
Pdownlink-data-transmission-error = 1 - (1-PPDCCH-error) x (1-PPDSCH-error) 

Note HARQ-less transmission can employ an initial repetition of NR PDSCH transmissions e.g. in consecutive slots or multiple beams without any UE feedback.  Therefore, PPDSCH-error can be an aggregated BLER requirement on multiple repeated data transmission.
For HARQ-based transmission involving uplink ACK/NACK transmission, Pdownlink-data-transmission-error for the data transmission will also include an UL BLER component, e.g. PACK/NACK-error.  For example, Pdownlink-data-transmission-error for HARQ-based downlink data transmission with one uplink ACK/NACK transmission and one following re-transmission will be a function of downlink P1st-PDCCH-error, P1st-PDSCH-error, P2nd-PDCCH-error, P2nd-PDSCH-error and uplink PNACK-to-ACK-error, PMissed-ACK-error, or PDTX-to-ACK-error.  
Therefore, NR PUCCH carrying ACK/NACK information (particularly NACK-to-ACK error) can directly impact the URLLC data transmission reliability and should be designed with a BLER requirement lower than LTE to achieve an improved data transmission reliability.  Further evaluation should be conducted to determine the numeric URLLC PUCCH BLER requirement especially for ACK/NACK UCI transmission.  
On the other hand, NR PUCCH carrying CSI and SR may not be subjected to the same BLER requirement, as it is not clear they can have a similar impact on the URLLC data transmission reliability.  As a result, URLLC UCI transmissions can have different reliability requirements. 
Observation 1: The URLLC UCI transmissions can have different reliability requirements, e.g. HARQ ACK/NACK transmission with more stringent BLER requirement.     
2.2 LTE PUCCH transmission techniques

The LTE uplink control channel transmission (PUCCH) has employed a number of transmission techniques to explore the channel diversity as listed below:
· Frequency resource allocation: PUCCH resource e.g. one RB for one UE allocated at the opposite edge of the band (also reduces out-of-band emissions and allows contiguous PUSCH resource scheduling) in each slot of the sub-frame. 
· Frequency hopping: hopping pattern from one edge to the other edge in each slot.
· Spatial orthogonal resource transmits diversity (SORTD): same UCI using different time, frequency and/or code resources at different UE antennas of one UE, e.g. for PUCCH format 2/2a/2b and 3.
· Virtual channel selection: each UCI transmission uses an “orthogonal resource” consisting of a ZC sequence of length 12 and a Walsh-Hadamard code of length 4 (OCC).  The “orthogonal resource” is considered as an orthogonal virtual channel and a UE uses the resulting sequence to spread the UCI data, e.g. for PUCCH format 1b.
Note all the LTE PUCCH transmission techniques are based on LTE 1-ms PUCCH transmission and DFT-s-OFDM waveform.  With all these transmission techniques, the LTE PUCCH transmission of ACK/NACK information is required to meet the BLER performance as below [4]:
· NACK-to-ACK PNACK-to-ACK-error < 1-10-3: Probability that NACK is detected when ACK is sent
· ACK missed detection PMissed-ACK-error < 1-10-2: Probability that ACK is not detected when ACK is sent
· DTX-to-ACK PDTX-to-ACK-error < 1-10-2: Probability that ACK is detected when there is nothing received
Observation 2: LTE PUCCH applies a number of channel diversity-based transmission techniques to achieve the required BLER performance.  
2.3 Reliable UCI transmission
In order to meet higher reliability requirement for NR URLLC UCI transmission, various NR PUCCH diversity techniques has been discussed in NR RAN1 meetings.  For example, SFBC/STBC achieves very high diversity gain for two-port transmit diversity, but SFBC increases PAPR due to the SFBC encoding after the DFT spreading and STBC requires even number of symbols. As long PUCCH can be used mostly by coverage limited UEs, PAPR is an important design consideration.  And the number of symbols can vary depending on the slot structure and sub-carrier spacing. In general, two-port transmit diversity has limited forward compatibility. SORTD can be used for multiple UE antenna ports, but reduces the PUCCH multiplexing capacity because one UE uses one OCC for each antenna.  
With beam-based design, a multi-beam NR URLLC PUCCH transmission can improve the PUCCH reliability e.g. by transmitting URLLC UCI in different beams from one UE panel or multiple UE panels at the same UCI instance.  Also, URLLC UCI transmission can be configured with a repetition of the UCI transmissions using a UE TX beam sweeping.  In this case the same URLLC UCI is transmitted sequentially at consecutive UCI instances and a different UE TX beam is used at each UCI instance.  
In addition, NR UEs will have another more advanced capability than LTE UEs, which is operating at multiple Band Width Parts (BWPs).  These BWPs can be disjoint frequency allocations of large bandwidth, e.g. multiple carrier.  They can be configured for both URLLC DCI diversity and UCI diversity transmissions.  A URLLC UE can be configured with multiple separate BWPs each allocated as a UCI diversity for the UCI transmission.  
Proposal 1:
NR supports UCI diversity via repetition over different beams or over different frequency allocations (bandwidth parts and/or carriers).
Multiple UCI transmissions with different reliability requirements can occur at the same UCI instance.  Based on its reliability requirement, each UCI transmission can be configured with priority information and associated transmission parameters pertaining to UCI diversity, power control, resource allocation and channel coding configuration (e.g. coding rate).  
For efficient UE processing, a UE can manage these priority-associated UL transmission configurations by linking them together in a “transmission profile” for each UCI transmission.  For example, a HARQ transmission for dynamic downlink data transmission can have a transmission profile with higher priority than that of a transmission profile of periodical CSI reporting.  The UE will be able to prioritize simultaneous UCI transmissions e.g. associate with different logical channel or service type with the help of the transmission profile.  The prioritization can include adjustment of the abovementioned transmission parameters of the UCI transmissions, e.g. power scaling/sharing, coding rate modification and/or drop of a low-priority UCI transmission.  

Proposal 2:
NR supports transmission profile to facilitate multiplexing of UCI transmissions of different reliability requirement.  

2.4 SR prioritization of URLLC type of traffic:

The URLLC traffic is characterized by short duration burst, arriving at random time instances while the eMBB traffic is expected to occupy relatively long duration compared to URLLC. Depending on the capability, a UE can support both eMBB and URLLC services simultaneously. It may happen that a UE is scheduled with uplink grant for low priority logical channel and later URLLC packet arrives. Given the high priority of URLLC, a UE should prioritize transmission of URLLC over eMBB. One approach could be that the UE uses the scheduled PUSCH grant for URLLC transmission. A drawback of this solution is that the scheduled PUSCH may occupy long period e.g. 1ms and thus it is not suitable for low-latency use case. Another approach is that the UE prioritize SR transmission for URLLC over the PUSCH transmission. In fact, NR supports short PUCCH format that can carry SR. NR also supports configuration of SR resources having small periodicity e.g. every 2 symbols. Upon receiving a packet corresponding to high priority logical channel, the UE may drop the scheduled grant and transmit SR.
Proposal 3:
UE prioritizes SR transmission of high priority logical channel over low priority uplink transmission.  

3 Conclusion

This contribution discusses considerations for NR URLLC UCI transmission techniques based on UCI diversity to improve NR PUCCH reliability for URLLC applications.
The following observations are made:
Observation 1: The URLLC UCI transmissions can have different reliability requirements, e.g. HARQ ACK/NACK transmission with more stringent BLER requirement.     
Observation 2: LTE PUCCH applies a number of channel diversity-based transmission techniques to achieve the required BLER performance.  

In addition, the following is proposed:
Proposal 1:
NR supports UCI diversity via repetition over different beams or over different frequency allocations (bandwidth parts and/or carriers). 

Proposal 2:
NR supports transmission profile to facilitate multiplexing of UCI transmissions of different reliability requirement.  

Proposal 3:
UE prioritizes SR transmission of high priority logical channel over low priority uplink transmission.  
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