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1 Introduction

Most design issues for long PUCCH for UCI of 1 or 2 bits were concluded in RAN1#90bis. Remaining design issues include the FFS points from the following agreements and a few additional issues. 
Agreements:
· For long PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots

· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI

· Note this parameter for hopping is the same as the one used for short PUCCH for up to 2 UCI bits

· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Agreements:

· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH

· No RRC configuration is involved in determining the hopping boundary
Agreements:
· FFS whether all FDMed PRACH transmission occasions configured by RMSI are confined within the initial active UL BWP or not.
· The transmission of PUSCH for Msg.3 and the transmission of PUCCH for Msg.4 HARQ feedback are confined within the initial active UL BWP.
This contribution considers the remaining FFS design issues for the long PUCCH for UCI of 1-2 bits. Multi-slot transmissions are considered in a companion contribution [1].
2 Frequency Hopping Aspects
FH Boundary

Based on the agreement from RAN1#90bis, the hopping boundary is determined based on the long PUCCH duration and starting symbol. Although this allows, in principle, the same FH boundary regardless of the long PUCCH starting symbol and duration, this is only possible if the number of symbols on each hop can occasionally be substantially different leading to suboptimal BLER. Without considering PUCCH repetitions, it is rather unlikely that long PUCCH transmissions for 1-2 bits will have different starting symbol or duration in a slot. Even if that happens, it is unclear how a UE will know what the starting symbols and durations for PUCCH transmissions from other UEs and it is not beneficial to have dynamic signaling of the FH boundary. Further, under the assumption that different starting symbols and durations for long PUCCH transmissions with 1-2 bits exist in a slot, it is then possible that a first PUCCH can start from the first symbol of a slot and extend over the remaining symbols of the slot while a second PUCCH can start from four symbols before the end of the slot. To align the FH boundary of the two PUCCHs would mean that the first PUCCH transmission hops after twelve symbols and practically the BLER benefits from FH are lost. Additionally, it is desirable to have alignment of periodic long PUCCH transmissions, such as for SR or HARQ-ACK in response to SPS PDSCH, and dynamic ones. 

Therefore, it is more meaningful in terms of BLER and design complexity to have a simple solution for the expected most likely scenario that all long PUCCH transmissions with 1-2 bits in a slot have same starting symbol and duration. If a different starting symbol and duration also exist, an additional RB can be used and this is not deemed to be material overhead. For a PUCCH transmission duration of N symbols, using floor(N/2) or ceil(N/2) as the FH boundary is sufficient.    
Proposal 1: Either floor(N/2) or ceil(N/2) is the FH boundary for a long PUCCH for 1-2 bits with N symbols.
Transient Period
With FH, there is a transient period for the transmission power before and/or after the FH. When FH occurs within the UE transmission BW, the transient period is relatively short and its impact depends on the symbol duration. When the transient period is much smaller than the symbol duration, e.g. for 15 KHz SCS as in LTE, no meaningful impact is expected. The applicability of OCC is also not affected. When the symbol duration becomes smaller, one symbol can be punctured as for eMTC in LTE. The smallest SCS where puncturing can begin to apply can be determined by RAN4 and 60 KHz or 120 KHz is a likely candidate. The transmission structure of the long PUCCH, in terms of DMRS and UCI symbols, does not need to be affected by the transient period.  

Proposal 2: Define minimum SCS and corresponding long PUCCH with at least one punctured symbol.
FH Bandwidth for after RRC Connection
A UE with RRC connection is configured the PUCCH transmission parameters such as a set of PUCCH resources and DL DCI can indicate a resource from the set of resources. For FH, one FFS issue is whether the frequency resources after the FH boundary are configured or are predetermined in a BWP such as based on mirroring as in LTE. The primary motivation for the frequency resources after the FH boundary to be configurable is to enable PUCCH multiplexing from UEs with different UL BWPs, where one UL BWP can be a subset of the other BWP, since the UL transmission bandwidth capability is UE specific in NR and FH is within the UL BWP of a UE. A secondary reason is to provide flexibility to a network for the use of all BW and to provide flexibility for potential forward compatibility issues since, otherwise, once the frequency resources for the PUCCH transmission prior to FH for long PUCCH are configured, the frequency resources after FH are hard-coded in the specifications.   
Proposal 3: Support configuration of RBs for a long PUCCH transmission both before and after FH. 
3 Sequence and Cyclic Shift Hopping
It has been agreed that base sequence hopping is supported while cyclic shift (CS) hopping is FFS. In general, it is desirable to support the LTE mechanisms for sequence/CS hopping and OCC remapping. The reason is the improved robustness to interference as in LTE because the current agreement does not support intra-slot interference randomization which is actually more critical than inter-slot interference randomization as the latter has natural robustness to interference for a given UE due to potential use of different resources, or due to likely different interferers, or even due to potentially different PUCCH format or starting symbol and duration. 

Proposal 4: Support all LTE mechanisms (sequence/CS hopping and OCC remapping) for interference randomization on long PUCCH transmissions. 

4 Conclusions

This contribution considered remaining issues for the transmission of long PUCCH with UCI of 1-2 bits and proposes the following. 
Proposal 1: Either floor(N/2) or ceil(N/2) is the FH boundary for a long PUCCH for 1-2 bits with N symbols.

Proposal 2: Define minimum SCS and corresponding long PUCCH with at least one punctured symbol.

Proposal 3: Support configuration of RBs for a long PUCCH transmission both before and after FH. 
Proposal 4: Support all LTE mechanisms (sequence/CS hopping and OCC remapping) for interference randomization on long PUCCH transmissions. 
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