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1 Introduction

In RAN1#88, the following agreements were achieved [1]:
Agreement:
· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking

· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols

· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)

· FFS: number of OFDM symbols for each beam

In this paper, we provide our view on multi-beam transmission for UL control channel. This contribution is the revision of R1-1714335.
2 Robust transmission for UL control channel
In high frequency bands, to ensure the coverage distance, UE-side beamforming will likely be applied to UL control channel. Assuming short-duration PUCCH, with narrow-beam transmission, to improve robustness against blockage, gNB may configure UE to transmit the same UCI using different Tx beams in different PUCCH OFDM symbols within one slot or same/different PUCCH OFDM symbol(s) across different slots. 

To this end, indicator indicating the UE Tx beam (referring to previously transmitted DL/UL RS, for the cases with/without beam correspondence) should be included in PUCCH configuration. In addition, such configuration for multi-beam transmission of PUCCH should be done by a single signalling. One simple example for configuring UE to transmit the same UCI using different Tx beams across consecutive slots but on the same PUCCH OFDM symbol can be found in Figure 1, while the corresponding configuration can be in the form of {Index of starting slot, number of spanned slots, indicators indicating UE Tx beam for PUCCH in each slot, PUCCH OFDM symbol index, occupied frequency resource}.
 

The transmission schemes discussed above can also be applied to the cases where the UCI is carried by long-duration PUCCH or piggybacked by PUSCH. 
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Figure 1 Illustration for using different beams to transmit same UCI in consecutive slots

Proposal 1: Support multi-beam transmission for the same UCI for robustness against beam pair link blocking.
3 Detailed design for multi-beam UL control channel

In NR, the PUCCH may convey HARQ-ACK, CSI, SR and beam failure recovery request. PUCCH conveying different contents may require different levels of robustness. For example, short PUCCH with HARQ-ACK is more important than long PUCCH with CSI, because the robustness of HARQ-ACK is important to guarantee the latency of data but the previous CSI can be reused if the current CSI reporting is missed. Moreover, the resource used for multi-beam transmission of short PUCCH is less than long PUCCH. Thus, it is preferred to configure the multi-beam transmission of PUCCH for different content separately.
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For PUCCH conveying HARQ-ACK, multi-beam transmission of PUCCH can help enhancing the reliability. The detailed multi-beam transmission for the same UCI, e.g. HARQ-ACK can be found in above section. In another aspect, the repeated HARQ-ACK transmission with multiple beams will also bring resource conflicting issue. To illustrate this issue, an example is shown in Figure 2, PDSCH_1 for UE1 is transmitted in slot i and PDSCH_2 for UE2 is transmitted in slot i+1. Wherein, HARQ-ACK1 represents the ACK/NAK resource associated with PDSCH_1 and HARQ-ACK2 represents the ACK/NAK resource associated with PDSCH_2. In order to improve robustness for HARQ-ACK1, multi-beam transmission for same HARQ-ACK1 is configured by gNB. The HARQ-ACK2 is just transmitted with single beam. According to the HARQ-ACK resource determination rule in LTE, 

The HARQ-ACK resource for PDSCH_1 is determined by the lowest CCE index 
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 which schedules PDSCH_1 and the HARQ-ACK resource for PDSCH_2 is determined by the lowest CCE index 
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which schedules PDSCH_2. Due to that 
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 locate in different slot, it is possible 
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.  The offset in LTE scheme can be configured for resource shifting to avoid collision between HARQ-ACK transmissions for the two PDSCH. Thereby, the HARQ-ACK resource for PDSCH_2 may be blocked by the second repeated HARQ-ACK transmission for PDSCH_1. A larger range of HARQ-ACK offset should be supported to avoid such conflicts. 

In addition, if a large HARQ-ACK offset range is supported, the corresponding DCI overhead for indicating this offset will be increased. Considering that multi-beam transmission of PUCCH may come in a sporadic manner, the bit-length for HARQ-ACK offset indication should be configurable, for achieving a reasonable trade-off between robustness and signalling overhead. 
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Figure 2 Illustration of conflicts between multi-beam HARQ-ACK and regular HARQ-ACK
Proposal 2: Support configuring the bit-length for HARQ-ACK offset indication, for achieving a reasonable trade-off between robustness and signaling overhead.
4 Summary of proposals
In this paper, we have the following proposals:
Proposal 1: Support multi-beam transmission for the same UCI for robustness against beam pair link blocking.

Proposal 2: Support configuring the bit-length for HARQ-ACK offset indication, for achieving a reasonable trade-off between robustness and signaling overhead.
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