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Background
This contribution is a revision of R1-1811149 [1].
In RAN#94 meeting interlaced wave forms for uplink transmissions were discussed and the following agreements were made [2].
	Agreement:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH

Agreement:
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation

Agreement:
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced

Agreement:
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM




In this contribution we present our views on UL channel and signal design for NR-U operation.
 
Discussions
Supported Legacy PUCCH formats
In RAN1#93 it was agreed that NR supports Rel-15 NR PUCCH formats [3]. However, only a single PRB can be configured for Rel-15 NR PUCCH formats 0, 1 and 4. Hence, these legacy formats cannot meet the ETSI regulatory requirement that any transmission needs to occupy minimum 2MHz [4]. Moreover, even for PUCCH formats 2 and 3, there is the need to restrict the PRB allocation configuration to satisfy the requirement.

Proposal 1: 
· NR-U does not support Rel-15 PUCCH format 0, 1, nor 4.

Enhanced PUCCH formats
In RAN1#94 it was agreed that a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS [2]. Given that enhanced PUCCH format(s) is designed to satisfy the regulatory requirement on 80% of occupied channel bandwidth [4], any single PUCCH resource has to contain a certain number of PRBs. In this case, PUCCH format adaptation just to reduce the number of PRBs is not necessary. It may be sufficient to design one enhanced short format and one enhanced long format. A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.

Proposal 2: 
· Design one enhanced short format and one enhanced long format.
· A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.

WiFi 802.11a preamble
[bookmark: _Hlk524081630]It was proposed introducing WiFi 802.11a preamble (including 16us PLCP preamble and 4us PLCP header) to NR-U for co-existence with WiFi devices [5]. If NR-U nodes informs WiFi devices of TXOP length via PLCP header, the WiFi nodes would not transmit signals during the TXOP. Hence, it may help coexistence between NR-U nodes and WiFi nodes. On the other hand, UL transmission is a different story. NR-U system should have UL multi-user transmissions in a cell, where UL transmission lengths may be different among the scheduled UEs. If those UEs simultaneously transmit different PLCP header, WiFi nodes must get even more confused. Therefore, WiFi 802.11a preamble is not suitable for UL multi-user scheduling.

Observation 1: 
· Use of WiFi 802.11a preamble is not suitable for NR-U UL transmission.

Conclusion
In this contribution we present our views on UL channel and signal design for NR-U operation, and we make the following proposals and observations:

Proposal 1: 
· NR-U does not support Rel-15 PUCCH format 0, 1, nor 4.
Proposal 2: 
· Design one enhanced short format and one enhanced long format.
· A good starting point is to consider enhancement on Rel-15 PUCCH format 2 and 3 for NR-U short and long formats, respectively.
Observation 1: 
· Use of WiFi 802.11a preamble is not suitable for NR-U UL transmission.

References
[1] R1-1811149, “UL channel and signal design for NR unlicensed operation”, Sharp, RAN1#94bis, October 2018.
[2] RAN WG1 #94 Chairman’s note, August 2018.
[3] RAN WG1 #93 Chairman’s note, May 2018.
[4] ETSI EN 301 893 V2.1.0, Mar, 2017.
[5] R1-1808690, “Initial design on technology neutral preamble for unlicensed operation”, Intel, RAN1#94, August 2018.

3

