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1 Introduction
This contribution is a re-submission of R1-1718361.
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 and below is agreed at RAN1 #88bis meeting regarding transmit diversity for long PUCCH [2].
Agreements:

· For DFTsOFDM in long-PUCCH, the following schemes are candidates for transmit diversity:

· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD

· FFS: for which PUCCH format and/or payload size 

· Other schemes with low PAPR are not precluded.

· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.
Subsequently at RAN1 #89 meeting, below is agreed regarding frequency hopping of 2-symbol NR PUCCH [3]. 

Agreements:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol

· FFS for distributed (non-contiguous) PRB allocation
At the same meeting, below [3] is also agreed for 2-symbol NR PUCCH to comprise a repetition of two 1-symbol NR-PUCCHs conveying the same UCI.  
Agreements:

· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

Agreements:
· For 2-symbol NR-PUCCH

· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1

· FFS method for sending UCI with more than 2 bits

· option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Furthermore, the following were agreed at recent RAN1 NR meetings:
At the RAN1#90 meeting:
Agreements:
· For 2-symbol short-PUCCH for UCI of more than 2 bits, encoded UCI bits are mapped across two symbols.
· FFS: 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
At the RAN1 NR#3 meeting:
Agreements:
· For 2-symbol PUCCH with more than 2 bits, option 1-1 is not supported in Rel-15

· Note: Option 1-1 (UCI is repeated between two symbols)
In this contribution we discuss further considerations for NR URLLC UCI transmission techniques based on UCI diversity to enhance NR PUCCH reliability for URLLC applications.
2 Discussion
2.1 URLLC NR PUCCH BLER requirement
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.
Observation 1: The required general URLLC reliability can lead to lower URLLC PUCCH BLER requirement e.g. for carrying ACK/NACK information than LTE PUCCH.     
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 transmit 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 UCI diversity transmission
In order to meet higher BLER performance 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.  
Further diversity solutions can be considered based on NR UEs’ more advanced antenna solutions than LTE UEs, e.g. multiple panels of phase antenna arrays.  The NR URLLC UE will be able to better exploit available spatial channel paths for UCI diversity transmission.  
A multi-beam based NR URLLC PUCCH design 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 a number of UCI instances and a different UE TX beam is used at each UCI instance.  
The UE TX beam selected for multi-beam-based URLLC UCI transmission can be signaled by the network using beam indication in the downlink control information or implicitly determined by the UE RX beam in which the UE receives the associated downlink data scheduling.  Note a UE can transmit each beam through one separate power amplifier solution, e.g. connected to each panel, and the PAPR does not increase following the increase of the number of used UCI diversities.  
In addition, NR UEs will have another more advanced capability than LTE UEs, which is operating at multiple BandWidth 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 (see related discussion [5]) and UCI diversity transmissions.  A URLLC UE can be configured with multiple separate BWPs each allocated as a UCI diversity for the UCI transmission.  
Each UCI diversity and UCI instance can have a range of associated transmission parameters for, e.g. power control, resource allocation, channel coding configuration, etc. and more importantly priority information of the UCI.  The priority information can be used by a UE to prioritize simultaneous UCI transmissions e.g. associate with different logical channel or service type.  The prioritization can include power scaling/sharing, coding modification and/or drop of a low-priority UCI transmission.  In order for more efficient UE UCI transmission processing, a UE can manage the UCI diversity, UCI instance, associated transmission parameters and UCI priority by linking them together in a “transmission profile”.  By maintaining a transmission profile, the UE is able to make a UCI diversity transmission more quickly in order to satisfy also the low latency requirement of the URLLC transmission.  
Proposal 1:
NR supports UCI diversity via repetition over different beams or over different frequency allocations (bandwidth parts and/or carriers).
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 required general URLLC reliability can lead to lower URLLC PUCCH BLER requirement e.g. for carrying ACK/NACK information than LTE PUCCH.     
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). 
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