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Introduction
[bookmark: _GoBack]In RAN1 Meeting #98, the following agreements were achieved for UL signals and channels for NR-U:
Agreement:
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· For a given SCS, the following PRB-based interlace design is supported at least for PUSCH and PUCCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported considering mechanisms specific to PUSCH and PUCCH
· FFS: PUCCH bandwidth
· FFS: Whether or how an interlace design for PUSCH and/or PUCCH is supported on 10 MHz according to the revised WID objective 

Agreement:
Alt-1a (Cycling of cyclic shifts across PRBs of the interlace) is selected from the four alternatives in the RAN1#97 agreement on enhanced Rel-15 PUCCH formats PF0 and PF1 
· FFS: Cyclic shift ordering
Note: from vivo perspective, the spec-transparent scheme performs similar to the above agreed solution (which has RAN1 spec impact)

Agreement:
A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth

Agreement:
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
Agreement:
A PUCCH resource configured with interleaved mapping occupies consecutive PRBs within at least one interlace within a BWP. The PUCCH resource configuration includes the following:
· An indication of the allocated interlace
· An indication of the location of the PUCCH resource within the allocated interlace
· Note: This may not be needed for a bandwidth part of 20 MHz or less
· The number of PRBs NPUCCH within the allocated interlace given by the following:
· For Interlaced PF0/1/2:
· NPUCCH = 10 or 11 depending on the allocated interlace
· For Interlaced PF3:
· NPUCCH = 10
· FFS: Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs to 20, 21, or 22 depending on the allocated interlaces
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11
· FFS: Potential impact due to in-carrier guard bands
· Note: The UE is not expected to be configured with PUCCH transmissions spanning multiple LBT bandwidths
This contribution further discusses potential enhancements to UL signals and channels for NR-U, including PUCCH design, PUSCH design, flexible starting point for PUSCH transmission due to LBT, SRS enhancement. 
PUCCH design
In the last RAN1 meeting, we have agreed that cycling of cyclic shifts across PRBs of the interlace, based on Rel.15 PUCCH PF0 and PF1, is used for the enhancement for NRU. In the following two sections, we will further discuss about the interlaced PUCCH PF0 and PF1 design details. 
Interlaced PUCCH format 0 design
In Rel.15, the PUCCH PF0 sequence can be obtained by , where  is the phase rotation that is a function of the cyclic shift . In the following we simply write it as . Note that  is a CGS base sequence for PUCCH format 0. The cyclic shift represents the Ack/Nack status or Ack/Nack plus SR status. 
In NRU, as agreed, the UE will spread the PUCCH sequence over N PRB within interlace based on cycling cyclic shifts. Thus, instead of , we now have , for i=0,…,N-1 where the superscript i stands for the cyclic shift member at the i-th PRB of the interlace, and the overall cyclic shift members can form a cyclic shift group. For example, if N=10, the cyclic shift group contains 10 cyclic shift members, which are at position i=0,…,9. 
[image: ]
Thus the NRU PUCCH PF0 can be expressed as

It is understood that  and , for , can have some defined relation, so that once one cyclic shift member is obtained (we can call it initial cyclic shift value), the others can be derived easily. A simple relation is the sequential ascending order, which can be written as 

For example, if the initial cyclic shift value is 0 for the 0-th position, i.e. , then the rest of the cyclic shift members can be derived as
[image: ]
Alternatively, if the initial cyclic shift value is now put on the 5-th position, i.e. , then the rest of the cyclic shift members can be derived as 
[image: ]

Observation 1: a cyclic shift group can be derived from an initial cyclic shift member of the group.

It is desired to reuse as much as possible Rel.15 PUCCH PF0 design principle, where there is a reference cyclic shift representing the AN status or AN+SR status, i.e. 
For 1-bit Ack/Nack
[image: ]
For 2-bit Ack/Nack
[image: ]
For 1-bit AN+SR
[image: ]
For 2-bit AN+SR
[image: ]

On the top of the reference cyclic shift, the network will assign an offset to the UE, so that different UE with different offsets can multiplex over the same PUCCH resource. This offset for 1-bit AN has range of {0,…,5}, for 2-bit AN it has a range {0,…,2}, for 1-bit AN+SR, it has a range {0,…,5} and for 2-bit AN+SR, it has a range {0,…,2}. 
Observation 2: The Rel.15 design principle is to introduce an offset to the reference cyclic shift for UE multiplexing, and the reference cyclic shift represents the AN or AN+SR status.
Extending this design principle to NRU cyclic shift group, we can consider the select one cyclic shift member within the cyclic shift group to carry the AN/AN+SR information (like Rel.15) and this cyclic shift member will be the initial cyclic shift member defined in the group then the rest of the cyclic shift members can be derived from it. 
For the UE to determine this initial cyclic shift member, we can reuse the Rel.15 principle, i.e. +offset1. Moreover, we introduce a second offset, called offset 2, for the selection of the position w.r.t. the 0-th position within the cyclic shift group for the initial cyclic shift member. Thus the range of the offset2 is {0,…N-1}

For example, for 1-bit AN case, if the UE is assigned with {offset1=2, offset2=5}, then for reporting Ack, the initial cyclic shift member is . Accordingly the cyclic shift group is derived as
[image: ]
Similarly, for reporting Nack, the initial cyclic shift member is . Then the cyclic shift group is derived as
	[image: ]

With the offset1 and offset2, the UE multiplexing capacity lose, compared with Rel.15 due to the interlace, can be completely compensated. In the sample of 1-bit AN and N=10, the number of UE to be multiplexed in the same interlace is , where M is the number of the possible offset values. It is indeed equivalent to the number of multiplexed UE supported in Rel.15 using 10 PRBs.
Observation 3: The multiplexing capacity loss due to interlaced PUCCH PF0 can be completely compensated by introducing an offset of position of the initial cyclic shift member. 
With the above illustrations and observations, we therefore have the following proposals
Proposal 1: Rel.15 design principle such as the reference cyclic value representing AN/AN+SR should be reused for interlaced PUCCH PF0. 
Proposal 2: In a cyclic shift group, the relation between the cyclic shift members should be defined so that any one cyclic shift member is known, the rest cyclic shift members can be derived. 
Proposal 3: The position offset dimension can be used to compensate for the multiplexing capacity loss due to interlaced PUCCH PF0. 
Interlaced PUCCH format 1 design
The extension from PUCCH PF0 to PF1 can also follow the Rel.15 design principle. First of all the AN information is no longer carried by the cyclic shift but rather by a direct multiplication with a modulation symbol, i.e. BPSK if it is 1-bit AN or QPSK if it is 2-bit AN. Then the interlaced PUCCH PF1 sequence in the i-th PRB of the interlace on the OFDM symbol dedicated for control information is
,
where  is a base sequence and  is a modulation symbol carrying AN information, N is the number of PRB in the interlace.
While the interlaced DMRS sequence in the i-th PRB of the interlace is derived from the same cyclic shift group, given by
,
The time domain spreading over multiple OFDM symbols can follow the same Rel.15 design, i.e. spreading and applying OCC sequence. 
Proposal 4: The interlaced PUCCH PF1 can be readily extended from interlaced PUCCH PF0 following Rel.15 design principle.
PUSCH design 
Reference interlace in one BWP
Reference interlace can be used to determine allocated frequency for uplink transmission. The reference interlace for different BWPs may be different considering the bandwidth size, the guardband size, and the subcarrier spacings for different BWPs could be different. Figure 1 gives an example. As shown in Figure 1, the bandwidth of BWP 0 is 40MHz, which can be divided into BWP 1 and BWP 2 with each BWP has a bandwidth of almost 20MHz. In BWP 0, the PRBs marked in green can be considered as reference interlace, which can also be taken as reference interlace in BWP 1, but it is not suitable to be taken as reference interlace in BWP 2. Therefore, determining reference interlace for each configured BWP before PUSCH resource allocation is important. Reference interlace should be defined in each BWP, based on the first PRB in the BWP with fixed interlace number according to the subcarrier spacing, i.e., 10 interlaces for 15 kHz and 5 interlaces for 30 kHz.


Figure 1: Reference interlace determination for one BWP
Proposal 5: Reference interlace should be defined based on the first PRB and the fixed interlace number for the configured BWP for resource allocation.
PUSCH resource allocation
It has been agreed that a PUCCH resource is restricted within a subband, i.e., 20MHz. Since one interlace can across multiple subbands in wideband BWP, multiple PUCCH resources and each resource for one subband can be configured within one PUSCH interlace to achieve better multiplexing between PUSCH and PUCCH transmission. 
Take 40MHz carrier, 30kHz SCS, and total 5 interlaces as example. Figure 2 give the examples of PUSCH and PUCCH multiplexing for carrier with bandwidth larger than 20MHz. Since there is potential guardband between two subbands, how to make use of the PRBs for potential guardband should be considered. One simple method is to indicate whether the guardband can be used for uplink transmission or not while the size of guardband can be configured in RRC signaling.


Figure 2: PUCCH and PUSCH multiplexing for wideband
Proposal 6: Indicate whether the guardband can be used for uplink transmission or not. 
SRS design 
Unlike LAA-LTE, block-interlaced SRS waveform could be supported in NR-U so that SRS transmission may be multiplexed with SR/PUCCH. Both periodical SRS and triggered SRS can be configured. If the periodical SRS occasion overlaps with the DL transmission in one COT, this occasion can be delayed after gNB finished the COT. 
Within a gNB-initiated COT, PUCCH can be transmitted immediately after a gap at the end of a DL burst to reduce HARQ feedback delay. If the gap is no more than 16us, no-LBT is needed. However, to support self-COT feedback, UE needs some processing time to demodulate the PDSCH received at the end of a DL burst, some padding signals are needed before PUCCH transmission. Triggered SRS can be one of these padding signals. Figure 6 illustrates this case.


Figure 6 SRS transmission at the front of PUCCH
Proposal 7: SRS should be enhanced for NR-U. 
· Support block-interlaced SRS waveform.
· Support periodical and triggered SRS transmission.
Conclusions
This contribution mainly discusses potential enhancements to UL signals and channels for NR deployment on unlicensed spectrum, including PUCCH design, PUSCH design, flexible starting point for PUSCH transmission due to LBT, SRS enhancement. The following proposals are made.
For PUCCH design:
Observation 1: a cyclic shift group can be derived from an initial cyclic shift member of the group
Observation 2: The Rel.15 design principle is to introduce an offset to the reference cyclic shift for UE multiplexing, and the reference cyclic shift represents the AN or AN+SR status
Observation 3: The multiplexing capacity loss due to interlaced PUCCH PF0 can be completely compensated by introducing an offset of position of the initial cyclic shift member. 
Proposal 1: Rel.15 design principle such as the reference cyclic value representing AN/AN+SR should be reused for interlaced PUCCH PF0. 
Proposal 2: In a cyclic shift group, the relation between the cyclic shift members should be defined so that any one cyclic shift member is known, the rest cyclic shift members can be derived 
Proposal 3: The position offset dimension can be used to compensate for the multiplexing capacity loss due to interlaced PUCCH PF0 
Proposal 4: The interlaced PUCCH PF1 can be readily extended from interlaced PUCCH PF0 following Rel.15 design principle.

For PUSCH design:
Proposal 5: Reference interlace should be defined based on the first PRB and the fixed interlace number for the configured BWP for resource allocation.
Proposal 6: Indicate whether the guardband can be used for uplink transmission or not.

For SRS design:
Proposal 7: SRS should be enhanced for NR-U. 
· Support block-interlaced SRS waveform.
· Support periodical and triggered SRS transmission.
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