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1. Introduction

In last meeting, the following agreements and working assumptions are achieved for UL signals and channels design in NR-U [1]:
Agreement:
· Support short and long PUCCH durations based on enhancements of at least Rel-15 PUCCH formats PF2 and PF3. The enhancements include at least the following aspects:

· For a 20 MHz carrier bandwidth, support mapping to physical resources of at least one full interlace

· Mechanism to support user multiplexing for both data and reference symbols of PUCCH

· The following aspects are FFS:

· Support for small payloads (1 and 2 bits)

· Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3

· Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1

· Whether or not to replace DFT-s-OFDM with CP-OFDM for the enhanced PF3
Agreement:
Support configuration of an SRS resource in additional OFDM symbol locations other than the last 6 symbols of a slot with PUSCH and SRS time division multiplexed as in Rel-15.

· FFS: which symbols locations.
Agreement:
Sub-PRB interlace design for PUSCH and PUCCH is not supported.
In this contribution, we will give some further discussions on the design of UL signals and channels.
2. Discussions 
2.1 PUCCH design
Interlace design for PUCCH for bandwidths greater than 20 MHz should be studied further. Based on the agreements in last meeting, 10 or 11 PRB are used for 20MHz PUCCH interlace under SCS 15kHz and 30kHz. Besides, NR-U will support flexible symbol length of PUCCH transmission. All these features can well support the various lengths of UCI transmission. For PUCCH bandwidths larger than 20MHz, in order to meet the requirements of regulation, the number of PRBs in one interlace will increase. For 40MHz bandwidths, the number of PRB per interlace will be about 20 under SCS 15kHz and 30kHz. The necessary of such PUCCH design is limited.
One possible use case for one PUCCH design larger than 20MHz is to occupy all BWPs within a COT. If an uplink slot transmitting PUCCH follows a downlink slot, then the PUCCH transmission, which occupies all available bandwidth, will bring LBT advantage to the downlink slot. However, there are no clear conclusions on the LBT rules for the downlink transmissions after uplink. Even uplink slot is scheduled for PUCCH transmission, there is still possibility of no uplink transmission due to LBT. In this case, gNB could not transmit DL data without LBT. Therefore, the benefits of PUCCH transmission larger than 20MHz is relatively limited.
Observation 1: the benefits of PUCCH design for bandwidths larger then 20MHz is not clear.

If interlace design for PUCCH greater than 20 MHz is specified, then from the point of view of simplified design, there is no need for PUCCH to adopt a different interlace design from PUSCH.
Proposal 1：If interlace design for PUCCH for bandwidths greater than 20 MHz is specified, it should follow the design of PUSCH. 
For the design of small payload(1 and 2bits) with PRB-based interlace, whether PF0/1 enhancement or PF2/3 enhancement is used, it seems a waste of channel resources. The best way to improve special efficiency is to adopt CDM multiuser multiplexing. Besides, it is not necessary to support 1 or 2bits transmission with more than 2 symbols length.
Proposal 2: 1 and 2bits PUCCH transmission is only supported by 1-2 symbols PUCCH format in NR-U.
Based on the agreements in last meeting, a further down-selection should be made for small payloads which means 1 and 2bits PUCCH transmission is based on PF0/1 or PF2/3. The main difference between PF0/1 based enhancement and PF2/3 enhancement is whether sequence-based transmission is used for 1 and 2bits.
The transmission of PF0/1 is sequence based and support multi-user multiplexing. The main problem for PF0/1 transmission is only one PRB is used. One way to enhance the PF0 to support a 10 PRB interlace transmission is adding CDM before physical resource mapping. Such operation could maximize multi-user multiplexing capability. Besides, PF0 is transmitted without reference signal and it is easy to support symbol independent operation, which is also beneficial to support multi starting points for one PUCCH transmission. PF1 has already support CDM based transmission and it is not necessary to make further enhancement for PF1 to support 1 or 2bits payload transmission in unlicensed band.
Proposal 3: PF0 is enhanced to support small payloads (1 and 2 bits).
2.2 PUSCH design
Supporting of multiple PUSCH(s) starting positions in one or multiple slot(s) is also import for NR-U uplink transmission. The following was agreed in the SI phase:

It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.

The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.

-
Option 1: PUSCH(s) as in Rel-15 NR

-
Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 

It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.

It is noted that above options are not mutually exclusive.

Option 2 is preferred and multiple starting positions should be supported for PUSCH in one or multiple slots to enhance the performance in unlicensed band. If option 2 is supported, the first problem to be considered is the number of starting points of PUSCH. There are also some options to realize the multi starting points PUSCH transmission, like puncturing or rate matching. If puncturing is not preferable, UE should prepare multiple transmission versions to match the LBT outcome, which will cause extra complexity to UE data preparation. One way to release the performance loss of puncturing is preparing multi-TTI transmission in the slot with LBT and puncturing is performed at the starting points or the end of slot. The following agreements is achieved in HARQ section:
Agreement:
Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs

· Each TB is mapped to at most one slot or one mini-slot

With multiple mini-slots scheduling, PUSCH could be prepare and transmitted accordingly. For the detail design of DCI, since the available symbol lengths in the first slot is hard to equal the length of multiple equal TTI length, some enhancement features could be considered, like DMRS transmission at the beginning of first TTI and puncturing at the end of slot. Besides, if the preparing time is enough, the last TTI in the first slot could also perform data transmission without puncturing and for this case, the scheduling of last TTI in the slot with uplink LBT should be flexible.

Proposal 4: Option 2 is proposed and multiple TTI scheduling by single DCI could be used for the PUSCH transmission to support multiple starting points in one or multiple slot(s).
3. Conclusion
In summary, the following proposals and observations are provided:
Observation 1: the benefits of PUCCH design for bandwidths larger then 20MHz is not clear.

Proposal 1：If interlace design for PUCCH for bandwidths greater than 20 MHz is specified, it should follow the design of PUSCH. 
Proposal 2: 1 and 2bits PUCCH transmission is only supported by 1-2 symbols PUCCH format in NR-U.
Proposal 3: PF0 is enhanced to support small payloads (1 and 2 bits).
Proposal 4: Option 2 is proposed and multiple TTI scheduling by single DCI could be used for the PUSCH transmission to support multiple starting points in one or multiple slot(s).
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