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1 Introduction
The contribution is a revision of R1-1910155.
In RAN1#98bis meeting, the UL signals and channels for NR-U operation are extensively discussed. The related agreements are listed below:

Agreement:
Update the RRC parameter InterlaceAllocation-r16 (defined for a dedicated PUCCH resource) with the following:

· Index of 1st interlace

· Indication of the 2nd interlace index (if 2nd interlace is configured)

· FFS: How the indication is achieved

· Indication of the LBT bandwidth location in which the PUCCH resource is configured

Agreement:
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2

· For Interlaced PF3:

· NPUCCH = 10 if one interlaced is configured (as previously agreed)

· NPUCCH = 20 if two interlaces are configured

· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)

· FFS: In case one interlace is used, which interlace is used

· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces

· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 

· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)

· Note: This agreement refers to configured interlaces, not actually used interlaces. 

· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.

Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration

· If interlace mapping is configured, the UE assumes there is no frequency hopping

· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability

· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16

Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PUSCH (e.g., msg3), i.e., PUSCH transmitted prior to dedicated configuration

· If interlace mapping is configured, the UE assumes there is no frequency hopping

· RAN2 to decide how broadcast signaling (SIB1) is modified to support this

· Cell specific PUSCH and PUCCH can only be configured to both have interlaced mapping or to both have non-interlaced mapping

· FFS: The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration

Agreement:
Support an RRC parameter to configure a UE with either interlace or contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signalling

· If interlace mapping is configured, frequency hopping is not configured

· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUCCH resources to be different

Agreement:
For PUSCH transmissions after dedicated configuration, support an RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation

· If interlace mapping is configured, frequency hopping is not configured

· FFS: Whether this RRC configuration applies to fallback DCI

· FFS: Whether/how dynamic (non-fallback DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation 

· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different

Agreement:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF3 when one interlace is configured as follows:

· User multiplexing for the UCI is based on the application of pre-DFT OCC with

· Alt. 1: Block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)

· Alt. 2: Symbol-wise repetition in time domain followed by mapping over whole interlace in frequency

· User multiplexing for the reference symbols is based on the use of different cyclic shifts of the same base sequence for all multiplexed users. The base sequence is a Z-C sequence (as for legacy Rel-15 PF3) mapped to the PRBs of the interlace

· Length of ZC sequence = number of tones in the interlace

· FFS: Mapping between OCC index applied on UCI symbols and cyclic shift applied to DMRS symbols

· Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)

· Support an RRC parameter for indicating OCC configuration for interlaced PF3

· If two interlaces are configured, user multiplexing is not supported for interlaced PF3

Agreement:
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF2 when one interlace is configured as follows:

· User multiplexing is based on OCCs applied in at least the frequency domain to the UCI and reference signal REs separately

· User multiplexing for the UCI is based on RE-wise repetition within a PRB

· Support only frequency domain OCC lengths of 1, 2 and 4 to multiplex users on both 1-symbol and 2-symbol PF2

· Consider the following for controlling CM/PAPR. If supported, select from the following alternatives using CM and MCL as criteria

· OCC cycling across PRBs of an interlace

· Scrambling

· No CM/PAPR controlling mechanism

· Support an RRC parameter for indicating OCC configuration for interlaced PF2

· If two interlaces are configured, user multiplexing is not supported for interlaced PF2

Agreement:
· Allow configured UL (CUL) transmissions in a set of symbols of a slot when the UE is configured with DCI 2_0 format monitoring and does not detect a DCI 2_0 format providing a slot format for the set of symbols. This is applicable when operating with LBE for the following cases.

· When the set of symbols are indicated as ‘F’ with a semi-static TDD pattern or 

· When the UE is not configured with a semi-static TDD pattern

· Note: Configured UL (CUL) transmissions are UL signals/channels configured by higher layers:

· PUCCH
· Configured Grant PUSCH
· Periodic SRS, [semi-persistent SRS]

· Unclear if semi-persistent SRS covered by the current Rel-15 behaviour

· [PRACH]
· Unclear if PRACH covered by the current Rel-15 behaviour

· FFS: How to allow the CUL transmissions as per the above

In this contribution, we further discuss the open issues of UL signals/channel on NR-U and present our views. 
2 Discussion
Wireless signal transmission on unlicensed spectrum should meet the requirements of regulation subject to the management of the located country/region. Hence, the design of uplink waveform for NR-U PUSCH/PUCCH should meet the regulation requirements on unlicensed spectrum. 
The requirements mainly include two aspects: 
· Occupied channel bandwidth (OCB): the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of declared Nominal Channel Bandwidth; 
· Maximum PSD (power spectrum density) with a resolution bandwidth of 1MHz, e.g., 10dBm/MHz. 
These two requirements dictate that a signal which occupies a small portion of the channel bandwidth cannot be transmitted at the maximum available power at the UE due to the PSD and OCB constraints. 

In Rel-14 LTE eLAA, interlace-based waveform is adopted as uplink waveform for unlicensed spectrum. For 20MHz bandwidth, all the available 100 PRBs are partitioned into 10 interlaces. Each interlace has 10 PRBs evenly distributed within the whole bandwidth. In this way, each interlace spans more than 80% system bandwidth so that the regulation requirements of OCB can be met. Moreover, 10 PRBs of one interlace are equally spaced in frequency so that two adjacent PRBs of one interlace are separated by 1.8MHz distance and power boosting can be realized for each PRB of one interlace. 
For NR, interlace-based waveform can also achieve power boosting under PSD limit and meet regulatory requirements defined for occupied channel bandwidth. Different to LTE with 15 kHz subcarrier spacing, there are multiple numerologies defined for NR including 15, 30, 60 kHz for FR1. For 20MHz bandwidth, RAN1 has agreed using 10 interlaces with 10 or 11 PRBs per interlace for 15 kHz subcarrier spacing and 5 interlaces with 10 or 11 PRBs per interlace for 30kHz subcarrier spacing. For 20MHz bandwidth and 60 kHz subcarrier spacing, the detailed structure design is still FFS.
Table 1: Max transmission bandwidth configuration NRB for FR1 (450 – 6000 MHz)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135


For 20MHz bandwidth and 60 kHz subcarrier spacing, candidate PRB-based interlace designs are listed in Table 2. Generally, the combination of 4 interlaces and 6 PRBs per interlace can’t meet the regulation requirement of at least 80% occupancy ratio. The combination of 3 interlaces and 8 PRBs per interlace can roughly meet the occupancy ratio requirement. Instead, the combination of 2 interlaces and 12 PRBs per interlace can obviously meet the requirement. Considering the 3-interlace structure has wider frequency separation of consecutive PRBs of one interlace, it leads to higher PSD, compared to 2-interlace structure. So 3-interlace structure is slightly preferred.

Table 2: Candidate interlace structure for 20MHz bandwidth and 60 kHz SCS
	SCS
	Candidate design
	Occupied channel bandwidth per interlace


	Percentage of occupied channel bandwidth per interlace over declared channel bandwidth

	60 kHz (total 24 PRBs)
	M = 4, N = 6

	15.12MHz (21 PRBs) 
	75.6%

	
	M = 3, N = 8
	15.84MHz (22 PRBs)
	79.2%

	
	M = 2, N = 12
	16.56MHz (23 PRBs) 
	82.8%


Proposal 1: PRB-based interlace structure is supported for the numerology of 60 kHz for NR-U uplink transmission.
Proposal 2: For 20MHz bandwidth and subcarrier spacing of 60 kHz, the combination of M=3 and N=8 (3 interlaces and 8 PRBs per interlace) is supported for NR-U uplink transmission. 
For NR UL transmission, the UL grant indicates the concrete time domain resource allocation pattern, i.e., the scheduled slot, the starting symbol index and the transmission duration within the scheduled slot. Upon reception of the UL grant, UE prepares a single PUSCH just according to the UL grant. Since only single starting position is allowed in Rel-16 NR-U, the UE can transmit the scheduled PUSCH only started from the starting position indicated in the UL grant as long as the corresponding LBT is successful. If the LBT is failed, then the UE shall drop the prepared PUSCH and waiting for the next scheduling command. 

CBG-based retransmission is specified in NR Rel-15, which can improve the retransmission efficiency compared with TB-based retransmission. CBG-based retransmission is more important for unlicensed spectrum where the burst interference from the hidden node occurs more frequently. With CBG-based retransmission, the data suffering the burst interference can be recovered by retransmission. In detail, those CBGs incorrectly decoded by gNB can be scheduled for retransmission by means of indicating the corresponding CBGTI in UL grant. The CBGs correctly decoded at gNB side is not necessary for retransmission so that the retransmission efficiency is improved.  
Proposal 3: CBG-based retransmission is supported to recover the data punctured in time domain due to LBT failure. 
In NR Rel-15, two resource allocation types are specified for frequency domain: Type 0 is a bitmap-based indication with each bit of the bitmap indicating a resource block group (RBG); Type 1 is a RIV-based indication with contiguous PRB allocation. Generally, resource allocation Type 0 supports both contiguous and non-contiguous PRB allocation and has scheduling granularity per RBG. However, resource allocation Type 1 can support only contiguous PRB allocation, which is not suitable for UL interlace-based transmissions for NR-U. 

Based on the learning from LTE Rel-14 eLAA, LTE resource allocation Type 3 is specified to support contiguous interlace allocation based on RIV and non-contiguous interlace allocation based on a few predefined interlace allocation patterns. In this way, a reasonable signaling overhead for frequency resource allocation is obtained and the scheduling flexibility are maintained to some extent. Therefore, for LTE frequency domain resource allocation type 3, 6 bits are needed for 20MHz carrier bandwidth due to up to 10 contiguous interlace allocation and 5 bits are needed for 10MHz due to bitmap based signaling for 5 interlace allocation.
On the other hand, considering RAN1 has agreement in RAN1 Ad hoc 201901, the number of interlaces for 15/30 kHz SCS for NR 20MHz carrier bandwidth is exactly same with the number of interlaces for 15 kHz SCS for LTE 20/10 MHz carrier bandwidth, respectively. So resource allocation type 3 for LTE Rel-14 eLAA can be reused for NR-U UL resource allocation. 
To be more specific, in RAN1#98 meeting, for 15 kHz subcarrier spacing, there are two alternatives for UL resource allocation indication.

· 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
· This applies to PUSCH of the following types:

· Msg3 PUSCH

· PUSCH Scheduled by fallback and non-fallback DCI

It is clear that Alt 2 uses less signaling overhead compared with Alt 1. Alt 2 saves 4 bits in UL grant, 40% gain compared with Alt 1. This is important especially considering same resource allocation mechanism is used for fallback DCI and non-fallback DCI. Due to small payload required in fallback DCI, Alt 2 has significant benefit. On the other hand, Alt 2 supports contiguous interlace allocation based on RIV and non-contiguous interlace allocation based on a few predefined interlace allocation patterns. With the predefined non-contiguous interlace allocation patterns, the UL power boosting gain can be obtained, which is quite useful for UL coverage limited case and for PUCCH transmission.
In TS36.213, eight non-contiguous interlace allocation patterns are defined in Table 8.1.4-1 using the remaining code points of the UL resource allocation field. The eight patterns are well designed to maximum interlace spacing in order to obtain UL power boosting. Fully reusing the eight existing patterns can save standardization effort.

· Table 8.1.4-1: 
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	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}


Proposal 4: Alt-2 is supported, i.e., 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..

Proposal 5: The eight non-contiguous interlace allocation patterns specified in LTE Rel-14 eLAA are fully reused for NR-U UL interlace allocation. 

Proposal 6: Eight RIV values are used to indicate the eight interlace allocation patterns.
3 Conclusion

In this contribution, we focus on the open issues of UL signals/channel on NR-U and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: PRB-based interlace structure is supported for the numerology of 60 kHz for NR-U uplink transmission.

Proposal 2: For 20MHz bandwidth and subcarrier spacing of 60 kHz, the combination of M=3 and N=8 (3 interlaces and 8 PRBs per interlace) is supported for NR-U uplink transmission. 

Proposal 3: CBG-based retransmission is supported to recover the data suffering burst interference. 

Proposal 4: Alt-2 is supported, i.e., 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..

Proposal 5: The eight non-contiguous interlace allocation patterns specified in LTE Rel-14 eLAA are fully reused for NR-U UL interlace allocation. 

Proposal 6: Eight RIV values are used to indicate the eight interlace allocation patterns.
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