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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution we investigate the remaining issues for UL physical channels, i.e., PUSCH, PUCCH, and SRS, including interlace design for 60 kHz SCS, PUSCH resource allocation, and enhancements to PUCCH formats. 
[bookmark: _Ref129681832]NR-U PUSCH Design
[bookmark: OLE_LINK1]Interlace for channel bandwidth with 60 kHz SCS
For 60 kHz SCS, either M=2 or M=3 interlaces could be considered from the perspective of OCB requirement and we prefer M=3 as it provides finer granularity in frequency multiplexing. According to the standard progress in RAN4, it is agreed to increase the number of PRBs to 25 for 20 MHz channel bandwidth with 60 kHz SCS and the number of PRBs per interlace, N, can be either 8 or 9. It should be noted that for N=8, just counting the number of PRBs results in 79.2% OCB. However, this is too crude a computation of the OCB, considering that out-of-band emissions should be taken into account. Therefore, the OCB will be met in practice for N=8.
For bandwidth greater than 20 MHz, NR-U supports same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW. Therefore, for 60 kHz SCS, M = 3 for all bandwidth should be supported.
Proposal 1: For 60 kHz SCS, M=3 interlaces should be supported for all bandwidths.
PUSCH frequency resource allocation
The frequency Resource Allocation (RA) can be considered to consist of allocation of PRBs within the allocated sub-bands and allocation of the sub-bands. A sub-band would typically be of 20 MHz bandwidth on which the LBT procedure is performed (i.e., LBT bandwidth). Figure 1 shows an example of a carrier consisting of 2 sub-bands of which only 1 is used for transmission. Our definition of partial interlace allocation is that, within a sub-band a UE uses all the PRBs of the interlace while certain sub-bands are not allocated.
[image: ]
[bookmark: _Ref3916263][bookmark: _Ref3916256]Figure 1. Example of partial interlace allocation for one UE where only the PRBs in the first LBT sub-band are allocated from the interlace.
Allocation of resources within the allocated sub-bands
It has been agreed in last meeting, that for PUSCH transmissions after dedicated configuration, an RRC parameter is supported to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation, and if interlace mapping is configured, frequency hopping is not configured. Considering the payload limitation for fallback DCI, only interlace resource allocation should be supported for PUSCH scheduled by fallback DCI. 
According to TR38.889, a waveform contiguous in frequency may be adequate in some scenarios. This would especially be applicable when the 2 MHz OCB exception rule can be exercised or in regions where there are no OCB requirements. The NR Rel-15 RA schemes are useful in order to provide finer resource granularity than interlaced based RA. A dynamic switch (by the DCI) between Type 0 and Type 1 PUSCH RA can be configured in NR Rel-15, which could be supported for NR-U, as well as a dynamic switch between any of Type 0 and Type 1 and the new interlaced based RA scheme (aka Type 2). A semi-static configuration of interlaced transmission would be resource inefficient and unnecessarily gives scheduling restrictions as it forces the use of interlaced PUSCH, even for small payloads, which otherwise could be scheduled with Type 0 or Type 1 RA. The frequency domain RA field size would thus depend on the configuration, which is already the case for DCI format 0_1. If dynamic switching is configured, the frequency domain RA field size corresponds to the largest one of the configured RA schemes plus one bit. Otherwise, it corresponds to that of the semi-statically configured RA scheme.
[bookmark: OLE_LINK10]Proposal 2. For non-fallback DCI, dynamic switching can be configured between either of the RA schemes:
· Type 0 and Type 1
· Type 0 and Type 2
· Type 1 and Type 2
For RA using Resource Indication Value (RIV),  bits in the DCI would suffice, since for 15 kHz SCS there are M=10 interlaces, and it would also provide 9 spare RIVs which could be used for non-contiguous interlace allocations. A bitmap would in this case require 10 bits (i.e., 67% more RA overhead). Regarding DCI size, we note that the payload of DCI format 0_1 for NR-U has increased already, e.g., by going from maximum 2 to 4 bits for each of the 1st and 2nd DAI field. Hence, this increase could be compensated for by fewer bits in the RA field. Moreover, even if the actual number of bits in the DCI would not change, the RIV method allows setting 4 bits to zero compared to the bitmap. It is well-known that pre-defined bits can be used as a priori information in the decoder and could also be used as a virtual CRC. Hence, a bitmap could only be relevant if its scheduling flexibility outweighs its large overhead. However, in our view, scheduling flexibility is tantamount to support the dynamic switching between Type 0/1 and Type 2 RA. Moreover, the non-contiguous interlace allocations from eLAA (shown in Table 1) offer sufficient multiplexing flexibility, regardless if it is between PUSCHs or PUSCH and  a PUCCH with two interlaces (which may not be common anyway). For example, suppose an allocation is on interlaces {2,7}, then there are still 20 other allocations of contiguous or non-contiguous interlace allocations that are available. Thus, we do not see benefits of the bitmap.
[bookmark: OLE_LINK8]Proposal 3. For 15 kHz SCS, the resource allocation scheme for interlaced PUSCH is defined by:
· An RIV denoting the starting interlace index and the number of contiguous interlaces
· Spare RIVs defining the same non-contiguous interlace allocations that are specified for eLAA
In Table 1, the maximum transmit power is computed for the non-contiguous interlace allocations specified for eLAA. Here, an allocation is denoted by PRB indices  over a set of M PRBs, where . Thus, these allocations provide an ample set of interlace allocations with high TX power. As a reference, the maximum TX power of a single interlace is 20 dBm, while it is 22.6 dBm when using all interlaces.   
Table 1. Maximum transmit power of non-contiguous interlace allocations. The number of PRBs is N=10, no power backoff is used and 10 dBm/1 MHz constraint is assumed. 
	Number of PRBs
	PRB allocation
	TX power [dBm]

	20
	{0,5}
	21.2

	40
	 {0,1,5,6}
	22.0

	20
	{1,6}
	21.2

	80
	{1,2,3,4,6,7,8,9}
	22.5

	20
	{2,7}
	21.2

	60
	{1,2,3,6,7,8}
	22.3

	20
	{3,8}
	21.2

	20
	{4,9}
	21.2


Allocation of the sub-bands
For the wideband operation, the partial interlace allocation in the units of LBT sub-band should be supported. For the resource allocation, besides the RIV indication described above, the information for scheduled sub-band(s) should also be indicated. According to the RIV indication, UE could determine the interlace allocations, and with the help of the scheduled sub-band information, UE could determine the partial interlace allocations, i.e., which PRB(s) in each allocated interlace is(are) scheduled. 
[bookmark: OLE_LINK12]Proposal 4. For resource allocation in wideband operation, index of the scheduled sub-band(s) should be provided. 
NR-U PUCCH Design
[bookmark: _Ref536847692]Considerations on the reuse of Rel-15 NR PUCCH Formats 2 and 3
For both NR PUCCH Formats 2 and 3, if the payload size is large, CSI bits are dropped to preserve the HARQ-ACK bits which are more important. The number of PRBs used is determined by the payload size and the effective coding rate. As such, the smaller the payload size is, the fewer the number of PRBs occupied. Given that transmissions occur on the unlicensed channel in an opportunistic manner based on the LBT results, the NR-U gNB would often multiplex multiple PDSCHs into the DL burst. Also, the UE would combine delayed HARQ-ACK bits with current ones. As such, NR-U UEs would be often reporting HARQ-ACK using large codebooks as shown in Figure 2. The codebook size is even larger if CBG-based and/or cross-carrier HARQ feedback is used. Note that CRC bits are attached only to large payloads (> 11 bits) for which Polar codes are used, otherwise Reed-Muller codes are used with small payloads without CRC attachments.  
[image: ]
Figure 2. NR PUCCH Formats 2 and 3 employed for NR operations in the unlicensed spectrum.
Unlike other NR PUCCH formats, Format 2 only uses OFDM without DFT precoding at the cost of increased cubic metric given its use as is without an interlaced waveform. However, the transmission spans only 1-2 symbols and typically occurs at the end of the transmission slot unless configured otherwise. Such a short PUCCH duration enables NR-U to exploit NR’s bi-directional slot formats or the agreed bi-directional MCOTs with single or multiple switching points for timely feedback with increased channel access opportunities. As concluded in the SI phase [5], transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial.
The long PUCCH duration of PUCCH Format 3, on the other hand, has the advantage of better coverage. In addition, DFT precoding is applied post modulation in PUCCH Format 3 to reduce the cubic metric and thus reduce the power backoff required for the PA. 
Nevertheless, NR-U PUCCH formats should be able to fulfil the minimum OCB requirements when transmitted independently on the unlicensed channel without frequency multiplexing with PUSCH. Although up to 16 PRBs can be configured, a contiguous bandwidth of such PRBs is assumed with NR PUCCH Formats 2 and non-hopping Format 3 which will not satisfy the regular OCB requirement using a SCS less than 120 kHz (assuming a 20 MHz channel and all 16 PRBs are used). Alternatively, the UE can be allowed to occasionally violate the regular OCB requirements using a BW of at least 2 MHz within COT. In such case, at least contiguous 12, 6 and 3, PRBs would be used with the SCS of 15 kHz, 30 kHz and 60 kHz, respectively. If repetition/padding of UCI bits is to be avoided, this in fact imposes more constraints on the minimum number of PRBs to be allocated to Format 2 and non-hopping Format 3, and thus, on the minimum payload each can handle. Such constraints however are further relaxed as the SCS   is increased. 








As per the NR specifications in TS 38.213, if a UE transmits a PUCCH with HARQ-ACK information bits and  bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes  PRBs, the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs  provided respectively by higher layer parameter nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to [image: ] and if , the UE transmits the PUCCH over  PRBs. Therefore, by setting  to the minimum numbers of 12, 6 and 3 PRBs, the minimum UCI payload sizes can be estimated as follows corresponding to the SCS of 15 KHz, 30 KHz and 60 KHz, respectively,  
[bookmark: _Ref805906]Table 2. Minimum UCI payload to satisfy the 2 MHz OCB using PF2 and PF3
	
	SCS
	Min PRBs
	SCs/PRB
	UCI
Symbols
	Qm
	r
	Min UCI
Payload w/o CRC
	Modulation

	PF2
	15KHz
	12
	8
	1
	2
	0.08
	15
	QPSK

	
	30KHx
	6
	8
	1
	2
	0.08
	7
	

	
	60KHz
	3
	8
	1
	2
	0.08
	3
	

	PF3
	15KHz
	12
	12
	3
	2
	0.08
	58
	QPSK

	
	30KHz
	6
	12
	3
	2
	0.08
	23
	

	
	60KHz
	3
	12
	3
	2
	0.08
	17
	

	
	15KHz
	12
	12
	3
	1
	0.08
	23
	pi/2-BPSK

	
	30KHz
	6
	12
	3
	1
	0.08
	17
	

	
	60KHz
	3
	12
	3
	1
	0.08
	8
	




Where in the analysis of Table 2,[image: ], [image: ], [image: ], and  are set to (8, 1, 2, 0.08) for PUCCH format 2 and (12, 3, 2(1), 0.08) PUCCH format 3 accounting for DMRS locations, the least number of symbols carrying UCI,  available modulation, and the minimum supported code rate. 
Although the option of frequency hopping in PUCCH Format 3 was intended for exploiting the frequency diversity, it can be used in NR-U operations to relax the requirements to fulfil the 2 MHz OCB over the two hops of the transmission slot. Therefore, the minimum number of PRBs can be reduced to the half for Format 3 if the frequency hopping option is configured. In such case, at least one symbol per hop will be dedicated to carry the DM-RS whereas critical UCI bits such as HARQ-ACK, SR, and CSI part1, are jointly encoded and mapped to the symbols around it.    
From the above discussion, we observe that NR-U can support the reuse of NR Rel-15 PUCCH Formats 2 and 3 without enhancements with considerations on the minimum UCI payload required to fulfil the 2 MHz OCB requirement at the given SCS. It can be concluded from Table 2 as well that such a reuse does not directly support the transmission of small UCI payloads (1 or 2 bits) without enhancement.  
[bookmark: OLE_LINK20]Proposal 5: NR Rel-15 PUCCH formats 2 and 3 can be reused in NR-U under the 2 MHz OCB requirement with the following considerations:
· A minimum of 12, 6, and 3 PRBs should be configured with the SCS of 15 KHz, 30 KHz and 60 KHz, respectively. 
· To ensure that the UE occupies the configured minimum number of PRBs, the corresponding minimum UCI payload needs to be specified. Configure PUCCH Format 3 with the frequency hopping option to satisfy the 2 MHz OCB requirement over the two hops of the transmission slot. 
[bookmark: _Ref509399590]Extensions/Enhancements of PUCCH Design for NR-Unlicensed
[bookmark: _Ref520199338][bookmark: _Ref524891449]Enhanced PUCCH format 0 and 1 
We have made a (non-complete) exhaustive search to determine the cyclic shift sequence that minimizes the Cubic Metric (CM) among all the 30 sequence groups. The following cyclic shift sequence, [0 5 10 3 8 1 6 11 4 9], was the best and offered a CM of 1.75 dB and 1.59 dB for an interlace of N=10 and 11 PRBs, respectively and it corresponds to  with . The CM with a natural cyclic shift ordering (), [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10], was 1.86 dB and 1.65 dB for an interlace of N=10 and N=11 PRBs respectively. The implementation impact is the same and since it was agreed to specify a CM reduction method, the best cyclic shift sequence that RAN1 finds should be chosen, which according to our evaluation is .
[bookmark: OLE_LINK36]Enhanced PUCCH format 2 and 3
Resource allocation for enhanced PUCCH format 2 and 3
Two FFS points remain for the resource allocation of PUCCH format 2 and 3:
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
There does not seem to be any restriction necessary from a RAN1 point of view in terms of the applicability of PUCCH format 2 and 3 regarding the location of the second interlace. Rather, this appears to mainly relate to the provisioning of the second interlace index, whether it can be hard-coded as an offset (e.g., 1 or  5 PRBs for 15 kHz SCS and 1 or 3 PRBs for 30 kHz SCS) from the first interlace or whether it could be provided by RRC signalling. 
· 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)
There does not seem to be any issue in terms of the applicability of PUCCH format 2 and 3 regarding operating on a BWP less than 20 MHz. However, the use case of such a BWP configuration is unclear.  
Transmission structure for enhanced PUCCH format 2
It has been agreed that PUCCH format 2 is enhanced to PRB interlaced transmission and frequency domain OCCs are introduced. Mapping the same set of modulation symbols to each PRB in an interlace increases the CM. However, for PUCCH format 2, the encoded UCI bits are scrambled prior to modulation. Hence, if the scrambling is retained and the spreading factor is one, the modulation symbols will essentially become different for the different PRBs and no CM reduction method is needed. 
When the spreading factor is larger than one, due to modulation symbol repetition for the spreading, the scrambling is not sufficient and a method for CM reduction is beneficial, where the options in the agreement specifically listed OCC cycling or scrambling. Scrambling on bit level will not reduce the CM since spreading is done on modulation symbol level. Another form of scrambling is to define a long modulation sequence with constant modulus, which is element-wise multiplied with the OCC sequences. However, OCC cycling achieves the same effect and can be straightforwardly specified in closed form such that the spreading sequences remain orthogonal after cycling over the whole bandwidth.
[bookmark: OLE_LINK13] Proposal 6: For the enhanced PUCCH format 2, OCC cycling is specified. 
·  The spreading sequence is given by  for   where  is an OCC with spreading factor . 
· The OCCs are cycled through using indices , where .
Transmission structure for enhanced PUCCH format 3
The arrangement of the modulation symbols at the DFT-precoder input is crucial to a low CM, especially as the number of repeated symbols increases with the spreading factor. The design of the OCCs and the input mapping to the DFT-precoder of PUCCH format 4 in Rel-15 was motivated by facilitating good performance on channels with large delay spread and high Doppler spread, and usage of single-cluster transmission. Neither of this is applicable for NR-U and the OCC spreading needs to be revisited.
Consider  UCI symbols , where is the number of allocated PRBs in an OFDM symbol,  is the number of subcarriers per PRB and is the spreading factor and let the i:th OCC be .
Symbol-wise repetition
Define the symbol-wise repetition mapping to the input of the DFT-precoder as:
   
where . After some algebra, the DFT-precoder output is for :

The outer sum is an -point DFT of the OCC, which acts as a window function on the DFT-precoded data that affects the power dynamics of the signal. The window is a frequency domain filter and it is well-known that the Kaiser window is the optimum solution [6] for reducing the PAPR of DFT-precoded OFDM. In contrast, here we focus on minimizing the CM and there are multiple window functions, one per OCC. The absolute value of the window function using DFT-sequences is shown in Figure 6 in Appendix. 
Block-wise repetition
Define the symbol-wise repetition mapping to the input of the DFT-precoder as:
       
When using DFT sequences as OCCs, , it can be shown that the DFT-precoder output yields: 

The outer sum is an -point DFT of the OCC, however, with DFT-sequences it merely produces a comb mapping and leaves no degrees of freedom for decreasing the CM. 
In Figure 3, it is shown that symbol-wise repetition together with DFT sequences results in much lower CM (~1.2 dB at 95%) than block-wise repetition and even produces lower CM than for  The exception is the case where . As shown in Figure 7 in Appendix, using a set of OCCs obtained from cyclically shifting a Zadoff-Chu sequence, avoids the all-ones OCC and decreases the CM. Another alternative, is to cycle through the OCCs within the block of  symbols, e.g., when , the spreading sequences of length  are defined as  and . The OCC cycling could be expressed in same closed form as for PUCCH format 2 in Proposal 6. Figure 3 and 8 include results for  and  which show that the CM is decreased by the OCC cycling. The CM of the different schemes is summarized in Table 3, considering the maximum and minimum 95-percentile over all OCCs as well as the average 95-percentile over all OCCs.
[image: ][image: ]
Figure 3. Cubic metric for each OCC, where the input to the DFT-precoder is using symbol-repetition mapping (1) or block-wise repetition mapping (2) with DFT sequences for OCC, for spreading factor  without OCC cycling (left) and with OCC cycling (right). The case of no spreading, , is also shown.

[bookmark: _Ref19691439]Table 3. Cubic metric for symbol-repetition mapping (1) and block-wise repetition mapping (2) to the DFT-precoder and different spreading factors . The reference case includes no OCCs.
	DFT-precoder input mapping and OCC
	95-percentile Cubic Metric [dB]

	
	Average
	Maximum
	Minimum
	Average

	
	
	
	
	
	
	
	

	Mapping (1)+DFT sequence
	2.70
	4.27
	4.15
	3.17
	1.87
	4.2
	3.85

	Mapping (1)+DFT sequence+OCC cycling
	2.70
	2.55
	2.46
	2.55
	2.37
	2.55
	2.42

	Mapping (1)+ZC sequence
	2.70
	2.42
	2.67
	2.38
	2.48
	2.40
	2.61

	Mapping (2)+DFT sequence
	2.70
	2.85
	2.96
	2.85
	2.92
	2.85
	2.94



Figure 4 shows the MCL for a PUCCH length of 4 OFDM symbols according to the assumptions of Table 4 and 5 in Appendix. The gain of symbol-wise repetition is here demonstrated by its ~1 dB higher MCL. Figure 5 verifies the same behavior for a PUCCH length of 14 OFDM symbols. As shown above, symbol-wise repetition allocates all REs of the interlace and this provides a diversity gain over block-wise repetition which occupies fewer REs. Albeit the OCCs are orthogonal, a receiver with interference suppression could be desired for symbol-wise repetition. For example, a ZF or MMSE receiver can be applied in the frequency domain on the DFT-precoded symbols, which are then fed to the inverse DFT-precoder and are thereafter despread with the OCC.

[image: ][image: ]
Figure 4. MCL as function of UCI payload where the input to the DFT-precoder is using symbol-repetition mapping (1) or block-wise repetition mapping (2) with DFT sequences and OCC cycling for 10 ns (left) and 100 ns (right) desired channel delay spread. The PUCCH format uses 4 OFDM symbols and spreading factor  and , respectively.  
[image: ]
Figure 5. MCL as function of UCI payload where the input to the DFT-precoder is using symbol-repetition mapping (1) or block-wise repetition mapping (2) with DFT sequences and OCC cycling for 10 ns  desired channel delay spread. The PUCCH format uses 14 OFDM symbols and spreading factor .  
Notably, the lower CM of symbol-wise repetition is not accounted for in Figure 4 and 5, since the transmit power is limited by the PSD constraint. Hence, given the gains in MCL and CM, symbol-wise repetition is preferred.
Proposal 7: PUCCH format 3 is enhanced with a mapping of DFT-precoded symbols to the PRBs of the interlace.
· The input to the DFT-precoder is arranged by symbol-wise repetition

where  are the UCI modulation symbols and  is the OCC.
· The set of OCCs  is selected from one of:
· A set of DFT-sequences, where OCC cycling is applied, or 
· A set of cyclically shifted Zadoff-Chu sequences.

DMRS for enhanced PUCCH format 3
The DMRS sequence of PUCCH format 3 is a ZC sequence of prime length, cyclically extended to the allocated number of REs, , which is multiplied with the phase ramp  where  depends on the OCC index  and is an integer being a function of other parameters. Thus for different values of , since  is a multiple of 12, the DMRS sequences are orthogonal over any PRB as well as over the whole sequence length . It would be equivalent to define the phase ramp , e.g., with  and use. Therefore, we do not see any reason to change the Rel-15 DMRS sequence generation or the mapping from OCC index to cyclic shift.
SRS design
The Rel-15 SRS is by default supported for NR-Unlicensed and would be functional, e.g., a wideband SRS would fulfil OCB requirements and obtain high TX power under a PSD constraint. Alternatively, frequency hopping may fulfil OCB requirements. The SRSs could be multiplexed by FDM through frequency hopping and/or different frequency combs or by CDM through different cyclic shifts of the ZC sequence. It has also been agreed that any UL symbol could be configured to carry SRS for NR-Unlicensed. This is motivated in order to fill the DL/UL switching gap or to mitigate LBT failure by having more SRS resources. Thus the following WI objective is fulfilled: 
SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
The motive for specifying an additional SRS waveform, i.e., following a PRB based interlace, is primarily to ease multiplexing with PRB-based interlaced PUCCH and PUSCH. However, given that the SRS only occupies 1, 2 or 4 OFDM symbols and that it could be aperiodically triggered, the gNB has means for handling multiplexing. A PRB-based interlaced SRS would not have any substantial benefit in terms of fulfilling OCB requirements or PSD constraints compared to a wideband comb-2 or comb-4 SRS. With similar sequence length and using orthogonal SRS multiplexing, the SRS capacity is also not expected to be fundamentally different. It was agreed that the PRACH, which is a more critical signal and of longer duration, will not use a PRB-based interlaced waveform. It should be noted that this agreement came after almost a year of discussions and with a substantial evaluation campaign. A PRB based interlaced SRS would be a new waveform requiring the same effort. Therefore, within the scope of NR-Unlicensed, a PRB based interlaced SRS could be down-prioritized. Nevertheless, it should be acknowledged that SRS enhancements may be needed for other reasons in the future not being limited to unlicensed operation, e.g., it is known that massive MIMO is sensitive to outdated channel estimates. This requires frequent SRS transmissions and thus SRS capacity may become an issue, especially for DL heavy UL/DL configurations. 
Conclusions
In this contribution, we discussed the design considerations of the UL physical channels, i.e. PUSCH, PUCCH, and SRS, including interlace-based design, PUCCH formats and waveform adaptation. The following proposals were made:
[bookmark: OLE_LINK11][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]For the PUSCH:
Proposal 1: For 60 kHz SCS, M=3 interlaces should be supported for all bandwidths.
Proposal 2. For non-fallback DCI, dynamic switching can be configured between either of the RA schemes:
· Type 0 and Type 1
· Type 0 and Type 2
· Type 1 and Type 2
Proposal 3. For 15 kHz SCS, the resource allocation scheme for interlaced PUSCH is defined by:
· An RIV denoting the starting interlace index and the number of contiguous interlaces
· Spare RIVs defining the same non-contiguous interlace allocations that are specified for eLAA
Proposal 4. For resource allocation in wideband operation, index of the scheduled sub-band(s) should be provided. 
For the PUCCH:
Proposal 5: NR Rel-15 PUCCH formats 2 and 3 can be reused in NR-U under the 2 MHz OCB requirement with the following considerations:
· A minimum of 12, 6, and 3 PRBs should be configured with the SCS of 15 KHz, 30 KHz and 60 KHz, respectively. 
· To ensure that the UE occupies the configured minimum number of PRBs, the corresponding minimum UCI payload needs to be specified. Configure PUCCH Format 3 with the frequency hopping option to satisfy the 2 MHz OCB requirement over the two hops of the transmission slot. 
Proposal 6: For the enhanced PUCCH format 2, OCC cycling is specified. 
·  The spreading sequence is given by  for   where  is an OCC with spreading factor . 
· The OCCs are cycled through using indices , where .
Proposal 7: PUCCH format 3 is enhanced with a mapping of DFT-precoded symbols to the PRBs of the interlace.
· The input to the DFT-precoder is arranged by symbol-wise repetition  

where  are the UCI modulation symbols and  is the OCC.
· The set of OCCs  is selected from one of:
· A set of DFT-sequences, where OCC cycling is applied, or 
· A set of cyclically shifted Zadoff-Chu sequences.
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Appendix
Window function with DFT-sequences
When DFT-sequences are used, it follows that the window function becomes

and its absolute value is plotted in Figure 6.
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[bookmark: _Ref19261778]Figure 6. Absolute value of the window function for mapping (1) using DFT-sequences with indices i=0, 1, 2 and 3, for a spreading factor  and for an interlace with .

Simulation results
[bookmark: _GoBack][image: ]
[bookmark: _Ref19261004]Figure 7. Cubic metric for each OCC, where the input to the DFT-precoder is using mapping (1) with ZC sequences or mapping (2) with DFT sequences for OCC, for spreading factor . The case of no spreading, , is also shown.
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[bookmark: _Ref19691514]Figure 8. Cubic metric for each OCC, where the input to the DFT-precoder is using mapping (1) or (2) with DFT sequences for OCC, for spreading factor . For mapping (1), OCC cycling is applied. The case of no spreading, , is also shown.
Table 4. Simulation assumptions for PUCCH format 3
	Property
	Value

	Carrier frequency
	5 GHz

	Channel bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	10ns, 100ns 

	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
	15 kHz

	Number of code-division multiplexed users if applicable
	1 user

	Interference assumption
	No inter-cell interference

	Channel estimation
	Practical

	PUCCH structure
	4 symbols including 1 DMRS symbol
14 symbols including 4 DMRS symbols

	* See Table 7-1 of R1-1704144



Calculation of MCL is made according to the following, which is exemplified in Table 5:



Table 5. Example of MCL calculation for enhanced PUCCH format 3.
	Scheme
	Payload (bits)
	
	 (PRBs)
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)

	Symbol
	3
	2
	10
	62.6
	-106.4
	5.1
	20
	2.55
	20
	121.3

	Block
	3
	2
	10
	62.6
	-106.4
	5.0
	20
	2.85
	20
	121.4
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