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1	Introduction
NR Work Item Description [1] on the NR-based access to unlicensed spectrum was approved in RAN plenary #84. To maximize the applicability of NR-based access, it is beneficial to specify solutions applicable to unlicensed bands scenarios as part of the NR development. In this contribution, we consider the issues related to uplink signal and channel structures for NR-U. We address PUSCH resource allocation in Section 2 and PUCCH design in Section 3. In Section 4, we consider NR-U interlace design aspects common for both PUSCH and PUCCH, e.g. the support for 10 MHz channel BW. Previous RAN1 work item agreements on these topics are listed in Appendix 1. 	
[bookmark: _Hlk1137911]2. PUSCH Resource Allocation
In this section, we consider PUSCH frequency domain resource allocation and which resource allocation schemes should be supported. We discuss frequency domain resource allocation for interlaced PUSCH in Section 2.1 and for contiguous allocation in Section 2.2. 
2.1 Frequency domain resource allocation for interlaced PUSCH
In RAN1 AH 1901 [6], interlace structures were agreed for 15 kHz and 30 kHz SCS and, correspondingly, interlaced frequency domain allocations will be supported in NR-U. A working assumption on interlaces scaling with the carrier bandwidth was also made in RAN1 AH 1901 [6], raising the question whether and how partial interlace allocation is supported.  
Defining an interlace to span over the whole carrier provides a good base for flexible resource allocation. However, it requires that partial interlace allocation is supported for a good number of reasons:
· For wide carrier bandwidths, single full interlace means rather large resource allocation. For example, single interlace for 30 kHz SCS contains 43 PRBs on an 80 MHz carrier. This is simply too large allocation for small TB sizes – especially as the primary point of interlaced allocation is to fulfill the OCB rule on a 20 MHz BW as well as to increase transmission power under constrained PSD.   
· Single interlace means sparse allocation in frequency. Spreading a sparse allocation over multiple 20 MHz channels would unnecessarily block LBT for other systems contending for channel access, deteriorating coexistence and leading to wasteful use of resources. It is significantly more efficient to allocate multiple partial interlaces on a single 20 MHz sub-band. 
· Partial interlace allocation can also increase the multiplexing capacity when the number of allocated REs (and allowed UL Tx power) on a partial interlace remain sufficient for the intended payload.
· When both contiguous and interlaced resource allocations are supported, there is need for efficient multiplexing of both allocations in frequency. With partial interlaces, interlaced allocations can be dynamically allocated into a sub-portion of BW, hence providing for efficient multiplexing between interlaced and contiguous PUSCH resource allocations. The flexibility of the multiplexing is improved with the almost-contiguous allocation discussed later in this section.
[bookmark: _Hlk1137944]Proposal 1: Support partial interlace allocation for NR-U.
Resource allocation for interlaced PUSCH should support enough flexibility with reasonable signalling overhead. To achieve that, we see that resource allocation could be composed of two indicators as illustrated in Figure 1: 
· Interlace allocation. In here, LTE LAA allocation mechanism could be used as a design baseline. In other words, the field would indicate the allocated interlaces in terms of both continuous and non-contiguous combination of interlaces. 5 bits would be enough to cover all possible combination for 30 kHz SCS and provide a good coverage on the possible combinations for 15 kHz SCS.
· RIV for indicating the starting PRB and ending PRB of the allocated interlaces. The starting and ending PRBs are defined with granularity of e.g. REG size, or fraction of a sub-band (e.g. in terms of ½ sub-band) to maintain a reasonable field size. 
· The indicated PUSCH resource allocation is determined as an intersection of the allocated interlaces and the starting and the ending PRBs given by the RIV. In other words, RIV is used to mask a certain portion of the allocated interlaces for actual PUSCH transmission.
[bookmark: _Hlk7788035]Proposal 2: Frequency domain resource allocation for interlaced PUSCH is indicated as combination of allocated interlaces and RIV indicating starting PRB and ending PRB. Allocation is determined as intersection of the allocated interlaces and the starting and the ending PRBs. 
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Figure 1. Allocation of PUSCH interlaces.
2.2 Frequency domain resource allocation for contiguous PUSCH
The regulatory rules for unlicensed bands are evolving and new unlicensed bands may be introduced e.g. at 6 GHz band. For example, according to the ETSI harmonized standard for 5 GHz RLAN [4], equipment may operate temporarily with an OCB of less than 80% of its Nominal Channel BW with a minimum of 2 MHz BW during a Channel Occupancy Time (COT). This allows for a reasonable use of Rel-15 NR contiguous resource allocation and correspondingly, it is captured to [2] that 
“… it is RAN1's understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied. Therefore, a waveform contiguous in frequency may be adequate in some scenarios, which implies that Release 15 NR contiguous allocation designs can be used for NR-U as well.
Support for Rel-15 NR PUSCH can be considered.”
We see that Rel-15 NR PUSCH resource allocation should be supported for NR-U, as it obviously requires only marginal standardization effort while it can support e.g. small resource allocations efficient for small transport blocks. Alternative allocation for small transport blocks would be the use of short PUSCH allocations, but that would introduce additional LBT gaps and force short PUSCHs to be used for all FDMed UEs due to the need for alignment of the LBT gaps. Support of Rel-15 NR PUSCH resource allocation type 0 and 1 can also facilitate in part NR-U UEs with only modest changes on top of Rel-15 NR.     
[bookmark: _Hlk7788050]Proposal 3: Support Rel-15 NR frequency domain resource allocation Type 0 and Type 1 for NR-U.
The preferred resource allocation mechanism – contiguous or interlaced – changes dynamically e.g. based on the amount of data to be scheduled, transmission power required, and other UL transmissions multiplexed in the same slot. Hence, we see that dynamic switching between interlaced and contiguous PUSCH allocations should be supported. This can be supported with DCI format 0_1, where the dynamic selection of resource allocation type could be configured to select between interlaced and contiguous allocation or between Type 0 and Type 1 allocations. 
[bookmark: _Hlk16754288]Proposal 4: MSB of the frequency domain resource assignment in DCI 0_1 can be configured to select between interlaced & Type 1 contiguous allocation or between Type 0 & Type 1 contiguous allocation.  
Coexistence of interlaced and contiguous resource allocations need to be considered. When considering a wide BW cell, the interlaced allocations (for different UEs) are likely spread over multiple LBT sub-bands. It is not possible or even desirable to concentrate all interlace transmissions (PUSCH or PUCCH) onto a single 20 MHz sub-band. Also load balancing between 20 MHz sub-bands (e.g. when configuring 20 MHz BWPs to some of UEs) easily leads to situation where interlaced transmissions (from different UEs) are spread on multiple LBT sub-bands of a wideband cell. It is desirable to support a wideband contiguous – or almost-contiguous – PUSCH allocation despite the presence of interlaced narrow BW allocations fragmenting the contiguous set of PRBs.  
RAN4 has defined in Rel-15 TS38.101-1 [5] for a CP-OFDM UE the Tx requirements for almost-contiguous allocation – that is, for a non-contiguous CP-OFDM resource allocation following the contiguous allocation Maximum Power Reduction (MPR) rules with only a modest increase in MPR. A resource allocation can contain up to 20% of gaps for a MPR increase of 1 dB or less, and up to 25% of gaps for a MPR increase of 1.5 dB. This NR Rel-15 feature can be used to multiplex a wideband contiguous PUSCH allocation coexisting with an interlaced PUSCH allocation for another UE. 
Figure 2 shows an example where almost-contiguous PUSCH allocation is multiplexed with interlace-based PUSCH: 
· Interlaced PUSCH is allocated on one 20 MHz sub-band
· Wideband PUSCH has a contiguous allocation, with exclusion of 20 MHz interlaces indicated in the DCI.
In short, almost-contiguous PUSCH allocation supports easy frequency domain multiplexing between frequency localized and interlaced transmission with MPR/A-MPR comparable to contiguous transmission. However, PUSCH resource allocation type 0 and 1 need to be enhanced by introducing a DCI field that indicates the sub-band and interlaces that are reserved for interlaced PUSCH allocations. This can be achieved for example with a combination of semi-static and dynamic signaling: UE is configured with multiple reserved interlace combinations via higher layer signaling and gNB indicates in DCI one interlace combination out of the configured options to be excluded from the wideband PUSCH allocation. 
[bookmark: _Hlk16754295][bookmark: _Hlk1138176][bookmark: _Hlk1138150]Proposal 5: Almost-contiguous PUSCH allocation is supported to multiplex a wide contiguous PUSCH allocation with an interlaced allocation.
Proposal 6: DCI field indicating reserved interlace allocations is introduced for PUSCH type 0 and 1 allocations.
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Figure 2. Almost contiguous allocation for PUSCH supporting multiplexing with interlaced PUSCH allocation.
3. NR-U PUCCH Design 
In this section, we consider the design of PUCCH interlace design, design for PUCCH formats as well as necessary enhancements for PUCCH resources.  
3.1 Interlace design for PUCCH 
In RAN1 AH 1901 [6], a PRB-based interlace design for PUCCH was agreed for a 20 MHz carrier BW. It is clear that the interlaced PUCCH allocation needs to be supported also for carrier BWs greater than 20 MHz. Hence, one of the open points after RAN1 AH 1901 is the interlace design for PUCCH for BWs greater than 20 MHz [6]. We see that it is beneficial to use the same interlace structure for PUCCH and PUSCH as identified also in TR38.889 [2]. Hence, we propose that also PUCCH supports the RAN1 AH 1901 working assumption on the interlace design. 
[bookmark: _Hlk16754314][bookmark: _Hlk7788178]Proposal 7: Interlaced PUCCH supports the same interlace design as PUSCH for 15 kHz and 30 kHz subcarrier spacing. 
As the interlace bandwidth scales with the carrier bandwidth, it needs to be decided how wide allocations are supported for PUCCH and following aspects needs to be considered: 
· Allocation of 10 PRBs on an interlace (16.38 MHz and 16.56 MHz for 15 kHz and 30 kHz SCS, respectively) already fulfills the regulatory rules related to OCB and provides sufficient transmission power under constrained PSD.
· 10 PRB allocation means 120 REs per OFDM symbol. From UCI payload point of view the resources of one interlace is already more than enough.
· TR 38.889 [2] states that “At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz”. This means that all 20 MHz sub-band LBTs need to be successful for a PUCCH resource extending over 20 MHz BW, hence, reducing the PUCCH channel access probability. On the other hand, if the target is to achieve channel access diversity via multiple sub-band LBTs, it is more reasonable to allocate multiple PUCCH resources on different sub-bands than to allocate single wideband PUCCH resource and transmit PUCCH fractions on a sub-band with positive LBT.  
· From co-existence viewpoint, it is better to allocate resources from multiple interlaces within single 20 MHz sub-band than from a single interlace with BW wider than 20 MHz. Sparse allocation unnecessarily spreads the transmission into multiple 20 MHz channels, causing LBT blockage for other systems, which could be avoided by limiting the allocation within 20 MHz BW.  
We see that bandwidth allocation confined within a single 20 MHz sub-band is a natural choice for a PUCCH resource, that is, 10 PRBs per allocated interlace. This means that a single PUCCH resource occupies only portion of interlace when the carrier BW is more than 20 MHz. In the case of PUCCH, there is no justification to increase the bandwidth of a PUCCH resource beyond the LBT sub-band size (20 MHz). Instead, wider yet sparse allocations would deteriorate co-existence with other systems and cause unnecessary complexity with sub-band based UL LBT. 
[bookmark: _Hlk16754328][bookmark: _Hlk7788187]Observation 1: There is no reason to increase the bandwidth of a PUCCH resource beyond a single 20 MHz sub-band. 
Proposal 8: Only PUCCH resource allocations confined within a single 20 MHz sub-band bandwidth are supported. 
3.2 PUCCH format design for NR-U
In RAN1#97 [9], following agreement was made:

Agreement: Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· Mapping to physical resources of one full interlace in 20 MHz.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads
[bookmark: _Hlk1138817]We carried out performance comparison between the identified alternatives in terms of the agreed MCL metric. In the performance comparison, we focused to 2 symbol PUCCH Format 0 used for scheduling request. For the MCL calculation (see Table 4 in Appendix 2), the missed detection performance of PUCCH Format 0 was evaluated in TDL-A channel with the evaluation assumptions shown on Table 3 in Appendix 2. The missed detection performance is shown in Figure 6 in Appendix 2. As all alternatives have constant amplitude in frequency and support 12 orthogonal cyclic shifts, the same missed detection performance is expected for all alternatives. In the evaluations, Alt-3a was used. 
In addition to the alternatives listed in the RAN1 agreement above, we evaluated two alternatives for Alt-3: 
· Alt-3a: Sequence determined in TS38.211 Section 5.2.2.1 for 10 PRBs is mapped to REs defined for a 10 PRB interlace. This follows the DMRS mapping used with LTE LAA PUSCH and is expected to be the NR-U PUCCH Format 3 DRMS sequence and mapping.   
· Alt-3b: Sequences were generated for 51 PRBs according to TS38.211 Section 5.2.2.1. The transmitted sequence was masked with the allocated interlace, that is, only those DMRS sequence elements that were on the REs of the interlace were transmitted. All 606 sequences defined for 51 PRBs were generated, from which 30 sequences providing best CM results for all interlaces were selected.
In CM evaluations, cdf of CM was generated by randomly varying the used interlace, cyclic shift and sequence group (from a set of 30). CM was measured at 95% of cdf and is shown in Table 1. The CM performance of alternatives Alt-1a, Alt-1b and Alt-2 showed high dependency on the cyclic shift cycling / phase rotation / sequence root mapping pattern across PRBs. Especially the high tail of cdf showed sensitivity to the selection of patterns used in the evaluations. For each of these alternatives, computer search over different patterns was carried out and the best pattern found was used. However, a long high cdf tail remained for Alt-1b and Alt-2, which is reflected on the CM values reported (10.7 dB and 6.5 dB, respectively). As the computer search was not exhaustive, it might be possible to somewhat further reduce these CM values.
With 10 dBm/MHz PSD limit, the maximum allowed transmit power is limited to 20 dBm. This masks the CM impact from the MCL for any CM value below 3 dB and, hence, the same MCL value is reported in Table 1 for Alt-1a, Alt-3a and Alt-3b.  
Although the MCL comparison was performed for PUCCH format 0, one can expect that the CM differences among Alt-1a, Alt-3a and Alt-3b remain modest also for PUCCH format 1, resulting equal MCL for these alternatives. Hence, the specification impact will be decisive.
When considering the specification effort for the different alternatives,
· Alternatives Alt-1a, Alt-1b, Alt-2 require careful investigation and optimized design of the patterns used for cyclic shift cycling / phase rotation / sequence root mapping across PRBs. This is time consuming and requires significant specification efforts.
· Alternative Alt-3a can use the same sequence type and mapping as DMRS in interlaced PUCCH format 3. Hence the additional specification effort (on top of interlaced PUCCH format 3 design) is very minor.
· Alternative Alt-3b requires the selection of 30 sequences providing the best CM performance. This can be expected to involve some specification efforts.
Due to similar MCL performance among multiple alternatives and very minor specification efforts of alternative Alt-3a, also in comparison to other alternatives, we propose alternative Alt-3a. 
Proposal 9: Alt-3, mapping of a single long sequence to the PRBs of an interlace, is supported for interlaced PUCCH format 0 and 1.
· NR-U PUCCH Format 3 DRMS sequence and mapping is used without any further optimizations     
Table 1. Comparison of sequence type and mapping alternatives for PUCCH format 0/1.
	Alternative
	Description
	CM [dB]
	MCL [dB]
	Specification effort

	Alt-1a
	Repetition of the length-12 sequence in each PRB of an interlace with cycling of cyclic shifts across PRBs
	2.2 dB
	131.8 dB
	High

	Alt-1b
	Repetition of the length-12 sequence in each PRB of an interlace with phase rotation across PRBs of an interlace where the phase rotation is per PRB.
	10.7 dB
	124.1 dB
	High

	Alt-2
	Mapping of different length-12 sequences to the PRBs of an interlace based on different group number u
	6.5 dB
	128.3 dB
	High

	Alt-3a
	Mapping of a single 10 PRB sequence to the PRBs of an interlace as in interlaced PF3 DMRS
	2.5 dB
	131.8 dB
	Low

	Alt-3b
	Masking a single long sequence of 51 PRBs with the used interlace. Using 30 best sequences out of 606 sequences.
	1.5 dB
	131.8 dB
	Medium


Enhanced PUCCH format 2 design
The enhancements for PUCCH format 2 include at least the support for interlaced allocation as well as mechanism for user multiplexing [7]. The exact multiplexing mechanism remained open. For NR-U PUCCH format 2, the user multiplexing can be supported by introducing CDM in frequency for both data and DMRS. The spreading should be confined to a single PRB to ensure sufficiently constant channel. The spreading factor may be 2 or 4 as shown in Figure 3. In the case of 2 symbol NR-U PUCCH format 2, the multiplexing can be further enhanced with time domain CDM across symbols. The performance of the proposed user multiplexing was evaluated for 1 and 2 symbols in TDL-A channel with the evaluation assumptions and reported metrics shown in Appendix 2. MCL performance for different payloads is shown in Figure 4 for 1 and 2 symbol PUCCH durations, with 4 and 8 multiplexed UEs. It is seen that sufficient performance – as balanced with the MCL expected for NR-U PRACH [3] – is achieved even with high number of multiplexed UEs. 
[bookmark: _Hlk4757970]Proposal 10: User multiplexing for interlaced NR-U PUCCH format 2 is supported with CDM across sub-carriers and across CP-OFDM symbols.
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Figure 3. User multiplexing for interlaced NR-U PUCCH format 2.
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Figure 4. Enhanced PUCCH format 2 performance for 4 and 8 multiplexed UEs with 1 and 2 symbol duration.
Enhanced PUCCH format 3 design
In RAN1#97 [9}, it was agreed that the enhanced Rel-15 PF3 supporting interlaced mapping continues to use DFT-s-OFDM. However, the user multiplexing aspects remain open. The interlace design agreed for PUCCH on 20 MHz channel bandwidth means that the resource comprises at least 10 or 11 PRBs. This is simply a too large minimum allocation for a single PUCCH. Hence, we see that user multiplexing should be introduced for the enhanced PUCCH format 3. 
With the In Rel-15 NR, user multiplexing was introduced to PUCCH format 3 with pre-DFT OCC resulting in PUCCH format 4. Hence, we see that pre-DFT OCC is the baseline choice for data multiplexing mechanism on NR-U enhanced PUCCH format 3. Alternative mechanism may be considered if shown to provide tangible benefits over the pre-DFT OCC applied on PRB-interlaced allocation.    
[bookmark: _Hlk7788375]Proposal 11: Pre-DFT OCC is the multiplexing mechanism for interlaced NR-U PUCCH format 3. 
3.4 Enhancements for PUCCH resources
Enhancements for periodic PUCCH resources
Timely indication of scheduling request can face challenges in NR-U. Channel access contention from other systems can prevent transmission on scheduling request opportunity, and contention may cause also gNB to override scheduling request opportunities with a DL transmission. Given these delay components, it is important that scheduling request can be completed in a single transmission, without resorting to random access procedure with multiple transmissions and longer delays. Hence, we see that the possibility to configure a dedicated PUCCH resource for SR is needed also in NR-U. 
However, some enhancements are needed to the determination of SR PUCCH resource to mitigate the impact of flexible DL burst timing and LBT: 
· gNB may need to override SR PUCCH resource with DL transmission
· Within a shared COT, it is beneficial to concentrate SR PUCCH transmission to certain slots: 
· To support Cat 1 channel access, it is beneficial to arrange SR PUCCH transmission right after the DL burst. Use of Cat 1 channel access would avoid the potential delays caused by UL LBT.
· In case of Cat 2 LBT, it is beneficial to limit the number of LBT gaps due to overhead. There is a need for LBT gap before SR PUCCH transmission, and there may be a need to provide another LBT gap after the SR PUCCH transmission, so that the interlaces used for SR can be accessed and used e.g. for PUSCH transmission from a scheduled UE. 
Hence, we see that gNB should be able to affect the timing of SR opportunities within a shared COT. There are various simple mechanisms for that, e.g. a time window could be included to the SR PUCCH resource configuration, creating a time window after the nominal SR opportunity. If UE detects a GC-PDCCH indicating a DL ending or presence of short PUCCH within the time window, UE may send positive SR on the configured PUCCH resource. Or gNB could simply indicate a dynamic time offset in GC-PDCCH moving forward the periodic PUCCH resources overlapping with the DL burst. The dynamic time offset could be applied also for CG PUSCH resources blocked by the DL burst.
[bookmark: _Hlk1139270]Proposal 12: Mechanism for dynamically shifting the timing of periodic PUCCH resource within a shared COT is supported. 
PUCCH resource configuration enhancements for wideband operation
[bookmark: _Hlk16756367]In RAN1 AH 1901, it was agreed for DL wideband operation with a single serving cell operation within a carrier with bandwidth larger than 20 MHz that multiple BWPs can be configured, single BWP activated, ad gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from earlier RAN1 agreement). 
When considering such wideband operation (DL and UL may be on parts of single BWP where CCA is successful), DL LBT failure in other parts of BWP may have impact on the efficient use of PUCCH resources. One such impact is illustrated in Figure 5. In the figure, gNB transmits only on some of the sub-bands of the BWP. This can be taken into account when allocating PUCCH resource e.g. for HARQ feedback within the shared COT, as the PUCCH resource is indicated during the COT. With Rel-15 PRI, PUCCH resource can be dynamically selected from a set of 8 PUCCH resources (for a given UCI payload). For a BWP of 4 sub-bands, it makes sense to configure 2 PUCCH resources for each sub-band. However, e.g. in the case of gNB transmits only on one sub-band, gNB can select PUCCH resource only from 2 PUCCH resources located on the active sub-band as shown in Figure 5. This is clearly insufficient to control also the PUCCH duration as well as time location within the slot. Moreover, it results in increased multi-user blocking due to reduced capability to select non-overlapping PUCCH resources to different UEs. Therefore, we see that PUCCH resource configuration in frequency domain need to be enhanced to ensure sufficient number of PUCCH resources on each BWP sub-band.   
To increase the number of available PUCCH resources on each sub-band, the number of configured PUCCH resources in a PUCCH resource set could be increased. For PUCCH resource indication from the larger set of configured PUCCH resources, PRI field could be extended, or, to keep 3-bit PRI, only some of the configured PUCCH resources could be active when gNB transmits on multiple sub-bands of BWP. Alternatively, the number of configured PUCCH resources per PUCCH resource set could be kept unchanged and the PUCCH resource sub-band allocation could be modified (e.g with a secondary PRB allocation) based on the sub-bands currently used by gNB on the COT. Therefore, we propose:      
[bookmark: _Hlk16756433]Proposal 13: NR-U supports PUCCH resource configuration, where PUCCH resource indicator can be configured to indicate multiple frequency resources to ensure the sufficient number of PUCCH resources on each BWP sub-band of the DL transmission BW. 
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Figure 5 An example of PUCCH resource shortage on BWP operation 
Supported PUCCH resource sizes for interlaced PUCCH
In here, we consider the size of a PUCCH resource on a single interlace. The NR-U interlace designed for 20 MHz BW contains 10 or 11 PRBs [6]. It was agreed in RAN1#97 [9] that DFT-s-OFDM is not replaced with CP-OFDM for interlaced PUCCH format 3. However, 11 PRBs are not supported for DFT-s-OFDM. The implementation efforts needed to support 11 PRB DFT-s-OFDM waveform are substantial and, hence, 11 PRB resource should not be supported for interlaced PUCCH format 3.
[bookmark: _Hlk16755127]Observation 2: DFT-s-OFDM waveform does not support 11 PRB resource. 
It can be further noted that 11 PRB resource is not supported for Rel-15 PUCCH format 2 either (or for any PUCCH format).  As only on a fraction of interlaces have 11 PRBs, the overall benefit of 11 PRB resource over a 10 PRB PUCCH resource can be expected to be marginal for all PUCCH formats. Hence, for the sake of simplicity, we proposed that 11 PRBs resource is not supported for NR-U PUCCH, even on 11 PRB interlace. 
[bookmark: _Hlk16754343]Proposal 14: PUCCH resource of 11 PRBs is not supported for NR-U.   
[bookmark: _Hlk4758325]4. NR-U interlace design 
In this section, we discuss the NR-U interlace design for bandwidths beyond 20 MHz as well as for 10 MHz BW. We address also the interlace design for 60 kHz SCS. When considering the PUSCH interlace extension also for bandwidths wider than 20 MHz BW, following working assumption on was made in RAN1 AH 1901 [6]:
Working assumption [6]:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· 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
We see the design still valid. Hence, we propose the working assumption to be confirmed for 15 kHz and 30 kHz subcarrier spacing, but as discussed in following, only for bandwidths wider than 20 MHz 
[bookmark: _Hlk7788449]Proposal 15: RAN1 AH 1901 working assumption on the generic interlace design for various bandwidths is agreed for bandwidths beyond 20 MHz. 
One of the RAN1 objectives of the NR-U WI is to specify “10MHz operation for 5GHz band via NR-U/NR-U CA or NR/NR-U CA without air-interface optimizations specific to 10MHz” [1]. In the following, we consider frequency domain resource allocations for both PUSCH and PUCCH, and note following:
· LTE LAA supports 10 MHz BW for PUSCH with M = 5 interlaces and 10 PRBs per interlace [10]. In NR-U, this is supported (as subset) for 20 MHz carrier BW with 30 kHz SCS. 
· on the other hand, RAN1 AH 1901 working assumption would mean interlace designs with 5 PRBs per interlace
· contiguous allocation can be used to support 10 MHz channel BW in a straightforward manner. 
[bookmark: _GoBack]We see that it is rather straightforward to adopt LTE LAA solution for 10 MHz bandwidth with 15 kHz SCS, especially as NR-U supports similar interlace design for 20 MHz carrier BW with 30 kHz SCS. On the other hand, introduction of interlace design with 5 PRBs per interlace, although following RAN1 AH 1901 working assumption, can be expected to require somewhat more efforts. Hence, we propose that interlaced allocation for 10 MHz bandwidth is supported with M = 5 interlaces and 10 PRBs per interlace for 15 kHz SCS. We also propose that the support of interlaced allocation is limited to 15 kHz SCS on the 10 MHz BW. Additionally, contiguous allocation can be used on the 10 MHz BW.  
[bookmark: _Hlk16754438]Proposal 16: Contiguous allocation and interlaced allocation with 15 kHz SCS, M = 5 interlaces and N = 10 PRBs per interlace are supported on 10 MHz bandwidth for PUSCH and PUCCH. 
Interlace design for 60 kHz SCS is one of the remaining open items on the NR-U interlace design. The primary motivation for interlaced transmission is to fulfil the regulatory rules on the OCB and to provide reasonable transmission power under constrained PSD while maintaining enough multiplexing capacity for PUSCH with small TB size. 
When the subcarrier spacing increases, the number of PRBs per given frequency band decreases. For example, with 60 kHz SCS, the number of PRBs available per 20 MHz sub-band is around 24. In this scenario, it is not possible to have an interlace design fulfilling the OCB rule and providing at the same time enough multiplexing capacity with a design based on cluster size of 1 PRB. Either the occupied BW or multiplexing capacity remains insufficient to justify the introduction of interlaced transmission.
When analysing the PRB-based interlace design candidates for 60 kHz SCS as captured in [2] and shown in Table 2, it can be noted there are many options that do not meet the OCB rule (noted in Table 2 as Fail). There are also considerable differences in multiplexing capacity amongst the design options and several options do not offer sufficient multiplexing capacity (noted in Table 2 with red). There is only one PRB-based interlace design for 60 kHz SCS that clearly meets the OCB rule. However, this option supports only two interlaces (M=2), hence, providing insufficient benefit over a simple Rel-15 contiguous allocation. There is no reason to introduce 60 kHz SCS interlace design categorized as optimization in [11] and providing insufficient benefits.  
[bookmark: _Hlk7788460][bookmark: _Hlk16754442]Proposal 17: PRB-based interlace structure for 60 kHz SCS is not introduced as the candidates defined for 20 MHz do not meet the OCB rule or provide sufficient multiplexing capacity. 
Table 2. Comparison of PRB-based interlace design candidates for 60 kHz subcarrier spacing.
	SCS
	M
	N
	OCB rule

	60 kHz
	 4
	6
	Fail

	
	 3 
	8
	Fail

	
	 2 
	12
	Pass

	60 kHz (if 26 PRBs is supported in a 20 MHz bandwidth)
	4
	6 or 7
	Fail

	
	 2 
	13
	Pass

	
	 3 
	8 or 9
	Fail



5. Conclusions 
In this contribution, we have discussed necessary enhancements for NR unlicensed uplink signal and channel structures for PUSCH and PUCCH. Based on the discussion, we make the following observations and proposals:
PUSCH frequency domain resource allocation
Proposal 1: Support partial interlace allocation for NR-U.
Proposal 2: Frequency domain resource allocation for interlaced PUSCH is indicated as combination of allocated interlaces and RIV indicating starting PRB and ending PRB. Allocation is determined as intersection of the allocated interlaces and the starting and the ending PRBs. 
Proposal 3: Support Rel-15 NR frequency domain resource allocation Type 0 and Type 1 for NR-U
Proposal 4: MSB of the frequency domain resource assignment in DCI 0_1 can be configured to select between interlaced & Type 1 contiguous allocation or between Type 0 & Type 1 contiguous allocation.  
Proposal 5: Almost-contiguous PUSCH allocation is supported to multiplex a wide contiguous PUSCH allocation with an interlaced allocation.
Proposal 6: DCI field indicating reserved interlace allocations is introduced for PUSCH type 0 and 1 allocations.
PUCCH interlace design
Proposal 7: Interlaced PUCCH supports the same interlace design as PUSCH for 15 kHz and 30 kHz subcarrier spacing. 
Proposal 8: Only PUCCH resource allocations confined within a single 20 MHz sub-band bandwidth are supported.
Observation 1: There is no reason to increase the bandwidth of a PUCCH resource beyond a single 20 MHz sub-band. 
PUCCH format design
Proposal 9: Alt-3, mapping of a single long sequence to the PRBs of an interlace, is supported for interlaced PUCCH format 0 and 1.
· NR-U PUCCH Format 3 (DFT-S-OFDM) DRMS sequence and mapping is used without any further optimizations
Proposal 10: User multiplexing for interlaced NR-U PUCCH format 2 is supported with CDM across sub-carriers and across CP-OFDM symbols.
Proposal 11: Pre-DFT OCC is the multiplexing mechanism for interlaced NR-U PUCCH format 3. 
Enhancements for PUCCH resources
Proposal 12: Mechanism for dynamically shifting the timing of periodic PUCCH resource within a shared COT is supported. 
Proposal 13: NR-U supports PUCCH resource configuration, where PUCCH resource indicator can be configured to indicate multiple frequency resources to ensure the sufficient number of PUCCH resources on each BWP sub-band of the DL transmission BW. 
Proposal 14: PUCCH resource of 11 PRBs is not supported for NR-U.   
Observation 2: DFT-s-OFDM waveform does not support 11 PRB resource. 
NR interlace design
Proposal 15: RAN1 AH 1901 working assumption on the generic interlace design for various bandwidths is agreed for bandwidths beyond 20 MHz. 
Proposal 16: Contiguous allocation and interlaced allocation with 15 kHz SCS, M = 5 interlaces and N = 10 PRBs per interlace are supported on 10 MHz bandwidth for PUSCH and PUCCH. 
Proposal 17: PRB-based interlace structure for 60 kHz SCS is not introduced as the candidates defined for 20 MHz do not meet the OCB rule or provide sufficient multiplexing capacity. 
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Appendix 1
Following RAN1 agreements were reached in RAN1 AH 1901, RAN1 96, RAN1 96bis and RAN1 97 meetings on UL signals and channels [6]-[9]: 
Agreement [6]: For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH

Working assumption [6]:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· 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

Agreement [7]: 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

[bookmark: _Hlk4585404]Agreement [7]: 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 [7]: Sub-PRB interlace design for PUSCH and PUCCH is not supported.

Agreement [8]: For a 20 MHz carrier bandwidth, if enhancements to PF0 and PF1 are supported, a mapping to physical resources of at least one full interlace is supported
· FFS: Whether or not to support enhancements to PF0/1.
· Companies are encouraged to provide user multiplexing capacity and UCI payload analysis for enabling the decision for relevant use cases

Agreement [8]: Support RRC configuration of an SRS resource to start at any OFDM symbol within a slot by extending the RRC parameter startPosition of resourceMapping of SRS-Config for Rel-16 to have a value range 0..13.

Agreement [8]: Decisions on which additional PUCCH formats (enhanced or combination of legacy and enhanced) are supported should be at least based on the following.
· Which PUCCH format(s) are to be used at least for the following use cases:
· HARQ ACK prior to dedicated PUCCH resource configuration
· HARQ ACK, SR, CSI and combinations thereof after dedicated PUCCH resource configuration
· Specification impact, e.g., UE procedures in 38.213 and 38.212, for all proposed PUCCH formats to be supported
· User multiplexing capacity and UCI payload analysis for all proposed PUCCH formats to be supported
· In-band and out-of-band emissions

Additionally, a common set of evaluation assumptions and reporting metrics to be used for enhanced PUCCH design was agreed in [8].

Agreement [9]: Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· Mapping to physical resources of one full interlace in 20 MHz.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads

[bookmark: _Hlk16508799]Agreement [9]: For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM
Appendix 2
In this appendix, the evaluation assumptions and reported metrics are given for the shown evaluation results.
Table 3. Evaluation assumptions for enhanced PUCCH format 0 performance evaluation.
	Property
	Value

	Carrier frequency
	5 GHz

	Channel bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	300ns

	Antenna configuration at BS*
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0 ppm

	UE speed
	3 km/h

	Subcarrier spacing
	30 kHz 

	Number of code-division multiplexed users 
	1, 4, 6, 8, 12 and 24 users



[image: ]
Figure 6. Enhanced PUCCH format 0 missed detection performance (SR detection)
Table 4. Reported metrics for Enhanced PUCCH format 0 performance evaluation (SR detection).
	Parameter
	Value
	Notes

	Enh. PUCCH Format
	Enh. PF0 
	

	Number of OFDM symbols used for PUCCH resource
	2 
	

	Number of RBs used for PUCCH resource 
	10
	1 full interlace for 20 MHz carrier bandwidth 

	Frequency domain OCC details 
	E-PF0: 12 cyclic shifts applied on length-120 Zadoff-Chu sequence 
	

	Time domain OCC configuration details 
	length-2 Walsh–Hadamard, applied over sequence symbols (E-PF0) 
	

	Number of multiplexed users
	1 user
	

	SCS
	30 kHz
	

	Noise level, Np (dBm)
	-103.4 dBm
	Np = -174 + 10*log10(SCS*12*N_RB) + NF
NF = 5dB

	Required SNR (dB)
	Measured for 1% missed detection with 0.1% false alarm.
	Required SNR needed to fulfil detection criterion(1)(2), read from simulation curve

	Cubic Metric
	E-PF0 (CM measured at 95% CDF) 
Alt-1a: 2.2 dB
Alt-1b: 10.7 dB
Alt-2: 6.5 dB
Alt-3a: 2.5 dB 
Alt-3b: 1.5 dB
	

	P_max (dBm)
	20 dBm
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used for the PUCCH resource

	Backoff (dB)
	Alt-1a: 2.2 dB
Alt-1b: 10.7 dB
Alt-2: 6.5 dB
Alt-3a: 2.5 dB 
Alt-3b: 1.5 dB
	Backoff is computed as the cubic metric.
Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	Alt-1a: 20 dB
Alt-1b: 12.3 dB
Alt-2: 16.5 dB
Alt-3a: 20 dB 
Alt-3b: 20 dB 
	P_TX = min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	Alt-1a: 131.8 dB
Alt-1b: 124.1 dB 
Alt-2: 128.3 dB
Alt-3a: 131.8 dB
Alt-3b: 131.8 dB
	MCL = P_TX – SNR – Np

	PUCCH payload size(s) 
	1 bit, signalled with on/off keying
	 

	Note: Practical channel estimation 



Table 5. Evaluation assumptions for enhanced PUCCH format 2 with over 2-bit payload 
	Property
	Value

	Carrier frequency
	5 GHz

	Channel bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	30ns, 300ns

	Antenna configuration at BS*
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0 ppm

	UE speed
	3 km/h

	Subcarrier spacing
	30 kHz 



Table 6. Reported metrics for enhanced PUCCH format 2 
	Parameter
	Value
	Notes

	Enh. PUCCH Format
	Enhanced PF2
	

	Number of OFDM symbols used for PUCCH resource
	1,2 
	

	Number of RBs used for PUCCH resource 
	10
	1 full interlace for 20 MHz carrier bandwidth 

	Frequency domain OCC configuration details 
	length-2 and 4 Walsh–Hadamard applied for control. Uniformly spaced cyclic shifts for DMRS.
Cell specific pseudo-random scrambling of symbols.
	

	Time domain OCC configuration details 
	length-2 Walsh–Hadamard, applied for both control and DMRS
	

	Number of multiplexed users
	4 users (1 and 2 symbol PUCCH), 8 users (2 symbol PUCCH)
	

	Waveform
	CP-OFDM
	

	PUCCH encoder type
	Reed Muller and Polar
	

	SCS
	30 kHz
	

	Noise level, Np (dBm)
	-103.4 dBm
	Np = -174 + 10*log10(SCS*12*N_RB) + NF
NF = 5dB

	[bookmark: _Hlk5184969]Required SNR (dB)
	Measured for 1% BLER
	Required SNR needed to fulfil detection criterion(1)(2), read from simulation curve

	Cubic Metric
	3.8 dB
	Note: Single value reported in dB

	P_max (dBm)
	20 dBm
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used for the PUCCH resource

	Backoff (dB)
	3.8 dB
	Backoff is computed as the cubic metric.
Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	19.2 dBm
	P_TX = min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	
	MCL = P_TX – SNR – Np

	PUCCH payload size(s) (bits)
	Ranging from 3 bits to 25 bits
	If multiple payload sizes evaluated, then MCL to be plotted vs. PUCCH payload size

	PUCCH encoding rate(s)
	Ranging from 0.02 to 0.08
	If multiple payload sizes evaluated, then multiple encoding rates to be reported (if applicable)

	Note:
· Details of RE mapping of the evaluated enhanced PUCCH format 2 are shown in Figure 3.
· Practical channel estimation 
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