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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In the previous RAN plenary meeting #82bis, the WI for NR unlicensed (NR-U) was approved [1]. Based on the new WID for NR-U [2], the following UL channels should be specified:
-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60 kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60 kHz to be decided by RAN1. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
[bookmark: OLE_LINK1]In this contribution, based on the agreements which have been reached during the SI stage, we compare the different candidates of PRB-based interlace design for 20MHz carriers as well as Alt-1 and Alt-2 of PRB-based interlace design for wideband carriers. Also, the design considerations of the UL physical channels, i.e., PUSCH, PUCCH, and SRS are discussed in light of these agreements including interlace-based design, PUCCH formats and waveform adaptation. 
[bookmark: _Ref129681832]NR-U PUSCH Design
PRB based interlace 
The basic objective of interlace design is to meet the OCB requirement, which is defined as the bandwidth containing 99% of the power of the signal. A rough OCB calculation can be simply done by counting the maximum spacing of REs occupied by the signal, but this calculation always underestimates the exact OCB of a signal, which should take into account the power spectral density (PSD) of the signal, especially when SCS is large (e.g., 60 kHz) and the result of rough OCB calculation is close to the OCB requirement. As per the latest agreements, multiple candidates for PRB-based block-interlace are provided. It can be found via rough OCB calculation that, for 15KHz SCS, M = 12, N = 8 or 9, interlaces with 8PRBs could not meet the OCB requirement (frequency span = (N-1)*M+1 = 85PRB = 15.3MHz <16MHz, 80% of 20MHz), likewise, M = 6, N = 8 or 9 for 30KHz SCS, and M = 4, N = 6 or 7 for 60KHz SCS could not meet the OCB requirement, either. The frequency span for all of the candidates are listed in the following table. 
Table 1: frequency span for interlaces within 20MHz bandwidth
	SCS
	candidates
	Frequency span 
((N-1)*M+1)

	15KHz
	M = 12, N = 8 or 9
	85PRB = 15.3MHz

	
	M = 10, N = 10 or 11
	91PRB = 16.38MHz

	
	M = 8, N = 13 or 14
	97PRB = 17.46MHz

	30KHz
	M = 6, N = 8 or 9
	43PRB = 15.48MHz

	
	M = 5, N =  10 or 11
	46PRB = 16.56MHz

	
	M = 4, N = 12 or 13
	45PRB = 16.2MHz

	60KHz(24RB)
	M = 4, N = 6	
	21PRB = 15.12MHz

	
	M = 3, N = 8
	22PRB = 15.84MHz

	
	M = 2, N = 12
	23PRB = 16.56MHz

	60KHz(26RB)
	M = 4, N = 6 or 7
	21PRB = 15.12MHz

	
	M = 3, N = 8 or 9
	22PRB = 15.84MHz

	
	M = 2, N = 13
	23PRB = 16.56MHz


 
It should be noted that for the option of M = 3, N = 8 or 9 for 60KHz SCS, its rough OCB calculation is very close to the OCB requirement of 16 MHz, and so its exact OCB may meet the OCB requirement practically. 
Another limitation for interlace design is the maximum power spectral density, and for most cases the requirement is stated with a resolution bandwidth of 1 MHz, hence a larger interlace spacing is beneficial in terms of power boosting. Furthermore, to improve the multiplexing efficiency and the flexibility for resource allocation, also to keep a similar resource granularity as LTE eLAA, M = 10, N = 10 or 11 for 15KHz SCS, M = 5, N =10 or 11 for 30 kHz and M = 3, N = 8 or 9 or M = 2, N = 12 for 60 kHz should be supported.
Proposal 1: Within a 20 MHz carrier bandwidth, PRB-based interlace with M = 10, N = 10 or 11 for 15 kHz SCS, M = 5, N = 10 or 11 for 30 kHz and M = 3, N = 8 or 9 or M = 2, N = 12 for 60 kHz should be supported 
For bandwidth larger than 20MHz, the following options are discussed:
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW.
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).
For Alt-1, a common PRB-based interlace grid with same interlace spacing would be defined with the carrier bandwidth. The available interlace(s) corresponding to the configured BWP (including starting PRB index, number of PRBs per interlace, number of interlaces and etc.) is pruned from the common interlace grid. Furthermore, if just part of the BWP is available due to LBT or is scheduled, UE can just transmit on PRB of scheduled interlace corresponding to the part of BWP. As shown in Figure.1, assuming that a common interlace grid of 80MHz Carrier bandwidth was defined with same interlace spacing (red blocks). An 80MHz UL BWP is configured consisting of all interlaces exact same as the interlace grid for 80MHz CC. If one interlace on 80MHz BWP is allocated to a UE, and only 40MHz is available according to LBT outcome, then the UE could just use the PRBs located in the available bandwidth (PRBs in the green circle). Besides, Alt-1 matches the DM-RS design in NR, wherein for OFDM-based modulation, the PN sequence that is used to generate the RSs is generated across all the common RBs (CRBs) in the carrier but transmitted only on the RBs used for data transmission.
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Figure 1: Interlace with fixed spacing
For Alt-2, interlace is defined on per LBT subband within the configured BWP. Considering the different requirement for guard tone for carrier aggregation and single wideband BWP transmission, different interlace designs are required for the same LBT subband. For example, an interlace of 20MHz CC may assume total available PRB as 24 or 26. However, a 20MHz LBT subband contains at most 27 PRB if within a BWP of 80MHz. Spectrum utilization is degraded due to unnecessary guard tone when common PRB interlace per LBT subband is adopted for CA and single wideband BWP. On the other side, UE multiplexing is restricted when different interlace design for same LBT subband is adopted.   
Based on the discussion above, Alt-1 should be supported for carriers with bandwidth larger than 20 MHz, and the following PRB-based interlace structure in Table 2 should be supported.
Table 2: PRB-based interlace structure for bandwidth larger than 20 MHz
	SCS [kHz]
	40 MHz
	60 MHz
	80 MHz

	
	NRB
	M
	N
	NRB
	M
	N
	NRB
	M
	N

	15
	216
	10
	{21,22}
	N.A
	N.A

	30
	106
	5
	{21,22}
	162
	5
	{32,33}
	217
	5
	{43,44}

	60
	51
	2
	{25,26}
	79
	2
	{39,40}
	107
	2
	{53,54}

	
	
	3
	17
	
	3
	{26,27}
	
	3
	{35,36}


Proposal 2: For carriers with bandwidth larger than 20MHz, interlace with fixed spacing (Alt-1) should be supported. 
Sub-PRB based interlace
Sub-RB based interlace could achieve a better power utilization under PSD limit for a given SCS, e.g. for 60kHz SCS, each RB spans 720kHz, while if sub-RB based interlace is applied, e.g. 3 subcarriers per cluster, each cluster only spans 180kHz, and it can benefit from power boost compared with RB based interlace. 
However, the benefit exists only when few resources are allocated. It means that the maximum power utilization can be obtained only when gNB allocates 1 sub-RB based interlace for each UE, which is not a general case. Otherwise, if the allocated resources for one UE is larger than 1 sub-RB based interlace, the gain from power boost will be decreased. NR R15 supports multiple numerology for different deployment scenario. Similar power boosting gain can be achieved by configured with smaller SCS, e.g. 15 kHz with almost no spec impact.  
Furthermore, according to the agreements in RAN4, the total available RB numbers for 20MHz, 40MHz and 80MHz bandwidth with 60 kHz SCS are 24, 51, and 107, respectively. Take 80MHz bandwidth as an example, the total available RB number is 107, and if the interlace with 3 subcarriers per cluster is applied, there will be 428 clusters in total. It is difficult to guarantee that the total number of allocated resources in the unit of RB is an integer. For instance, if the even interlace structure is preferred, then only one option, 107clusters/interlace is acceptable, however the scheduling granularity is 321 subcarriers (REs), which is not an integer number of RBs. On the other hand, if non-even interlace structure is supported, and assuming that each interlace has 10/11 clusters, then the scheduling granularity will be 30/33 subcarriers (REs), which is still not an integer number of RBs. 
Therefore, even though sub-RB based interlace has a better power utilization under PSD limit, above limitations should also be taken into account. 
Observation 1: sub-PRB based interlace design requires significant standard effort. 
Requirement on DFT-S-OFDM
NR R15 supports CP-OFDM and DFT-S-OFDM in UL.   In order to achieve low complexity DFT process, the number of PRB allocated should be products of the integers 2^n1, 3^n2, and 5^n3. Considering the number of PRB per interlace in non-uniform interlace design in table 1, additional restriction on the resource allocation is required to achieve DFT-S-OFDM. For example, UE should not be scheduled on the interlace with 11 PRB or one PRB in the 11-PRB interlace should keep blank.  
DFT-S-OFDM is used in the coverage limited scenario because it has relatively lower PAPR and thus requires less power backoff when localized PRB allocation is adopted. However, considering the non-contiguous PRB allocation per interlace, reduction of the PAPR is limited. Considering the transmit power limitation per device according to the regulation, it is not necessary for UE to use DFT-S-OFDM over bandwidth larger than 20MHz. 
Observation 2: The usage of DFT-S-OFDM is restricted in NR-U. No additional work more than NR R15 is required in NRU WI. 
Different numerologies between UL and DL
It is identified beneficial to configure same numerology for all DL signals/channels or UL signals/channel in some scenarios from the perspectives of UE implementation complexity, specification impact and measurement gap. Whether configuring DL and UL signal/channels with the same numerology or not is FFS. Considering different hardware limitation and channel access mechanism in DL and UL, we believe it is still beneficial to have different numerology configuration for DL and UL transmission. One use case is to configure smaller subcarrier spacing in UL than DL. The larger power boost from interlace with smaller SCS could provide UE additional coverage. The larger SCS in DL would also reduce the FFT calculation at UE side to decode DL channel. On the contrary, considering limited number of start points in PUSCH compared with PDSCH, configuring larger SCS for UL than DL could alleviate the performance loss in UL when coexisting with WiFi systems, as observed in figure 2. Configuring PUSCH with 60 kHz SCS can also help PDSCH with 30KHz SCS, because PUSCH occupies less time resource to finish same amount of traffic. NR R15 already provided flexibility to configure different numerology for different scenarios. NRU could adopt most of design without additional standard and implementation effort.  
[image: cid:image002.png@01D4A67D.58AEF1D0]
Figure 2: NR-U DL and UL performance with different SCS when coexisting with WiFi 
[bookmark: _Ref528079218]Proposal 3: Multiple numerologies in NR R15 are still beneficial in NRU to cater with various hardware limitation and channel access mechanism between uplink and downlink in NRU. 

Multiple start points of PUSCH
Similar as FeLAA, it has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. 2 options were identified 
-	Option 1: PUSCH(s) as in Rel-15 NR
-	Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
In NR-U, the SCS of 15 kHz, 30 kHz and 60 kHz are supported for PUSCH and PUCCH. Assuming one start point per slot, 30 kHz and 60 kHz SCS equivalently provide 2 times and 4 times access opportunities compared with 15 kHz SCS. Option 1 should be enough for PUSCH use larger SCS, e.g. 60 kHz and partial PUSCH not depending on LBT outcome. Considering the obvious performance loss from 60 kHz shown in Figure 3, increasing number of start point (option 2) for 15 kHz and 30 kHz SCS is still beneficial. Considering the front loaded DMRS in PUSCH, it can be used by gNB to identify the start point of PUSCH. In order to avoid additional latency to regenerate PUSCH, the scrambling sequence of DMRS should be independent of the symbol index, and several OFDM symbols at the end of PUSCH should be punctured as plotted in Figure 3. 
[bookmark: _Ref528079258]Proposal 4: PUSCH(s) as in Rel-15 NR is enough for 60 kHz SCS and partial PUSCH modes not depending on LBT outcome. 
Proposal 5: multiple start positions in the first slot of UL burst could be supported for PUSCH using 15 kHz and 30 kHz. PUSCH DMRS can be used by gNB to detect the start of transmission. OS symbols at the end of slot should be punctured depending on the LBT outcome.
[image: ]
Figure 3: multiple starting points for PUSCH
NR-U PUCCH Design
Overview of Rel-15 NR PUCCH Formats 
In Rel-15 NR specifications, gNB pre-configures the UE with multiple PUCCH Resource Sets per BWP through higher layer signaling such as RRC or RMSI (if before UE is RRC-connected). Five formats of PUCCH are defined in NR which can be classified depending on the duration of PUCCH, the UCI payload size, and the number of PRBs as shown in Table 3
A PUCCH Resource Set contains a number of resources each is identified by a PUCCH Resource Index. If a UE has dedicated PUCCH resource configuration, the UE is provided by higher layers with one or more PUCCH resources each corresponding to one of the PUCCH resource formats 0/1/2/3/4. The gNB can either configure the UE through higher layer signaling with the PUCCH resource index to use or dynamically indicate the allocated PUCCH Resource to the UE, i.e., via the PUCCH Resource Indicator field in the DCI scheduling the PDSCH. The indicator field value is mapped directly to the allocated PUCCH Resource within the Resource Set which the UE has identified based on the UCI size and the number of symbols to be transmitted.
[bookmark: _Ref520202298]Table 3: Classification of NR PUCCH Formats
	
	PUCCH Duration
	

	
	Short (1-2 Symbols)
	  Long ( 4-14 Symbols )
	

	UCI Payload Size
	≤ 2 bits
	Format 0
	
	1
	Number of PRBs

	
	
	
	Format 1
	1
	

	
	> 2 bits
	Format 2
(small payload)
	
	1-16
	

	
	
	
	Format 3
(large payload)
	
	

	
	
	
	Format 4
(moderate payload/OCC)
	1
	



As can be seen from Table 3, the NR PUCCH formats have been designed to provide flexibility in allocation of the time and frequency resources as well as various capacities to report all possible combinations of UCI in a licensed cell including HARQ-ACK, SR, and CSI. 
However, for NR-U operation, the SI phase concluded in [4] that only NR Rel-15 PUCCH Formats 2 and 3 can be supported without a PRB-based interlaced transmission whereas extensions are required to support the PRB-based interlaced transmission of other PUCCH formats.
Considerations on the Use 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 PRBs are 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 4. The codebook size is even larger if CBG-based and/or cross-carrier HARQ feedback is used. Note that for 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.  
Different from 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 [4], 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 20MHz 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,  
Table 4: Minimum UCI payload to satisfy the 2 MHz OCB using PF2 and PF3
	
	SCS
	Min PRBs
	SCs/PRB
	Symbols
	Q
	r
	Min UCI
	Modulation

	PF2
	15KHz
	12
	8
	1
	2
	0.35
	51
	QPSK

	
	30KHx
	6
	8
	1
	2
	0.35
	17
	

	
	60KHz
	3
	8
	1
	2
	0.35
	1
	

	PF3
	15KHz
	12
	12
	3
	1
	0.35
	128
	BPSK

	
	30KHz
	6
	12
	3
	1
	0.35
	52
	

	
	60KHz
	3
	12
	3
	1
	0.35
	15
	

	
	15KHz
	12
	12
	3
	0.5
	0.35
	59
	pi/2-BPSK

	
	30KHz
	6
	12
	3
	0.5
	0.35
	21
	

	
	60KHz
	3
	12
	3
	0.5
	0.35
	2
	




Where in the analysis of Table 4,[image: ], [image: ], [image: ], and  are set to (8, 1, 2, 0.35) for PUCCH format 2 and (12, 3, 1(0.5), 0.35) PUCCH format 3 accounting for DMRS locations, available modulation, and the average 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.    
[image: ]
[bookmark: _Ref520371275]Figure 4: NR PUCCH Formats 2 and 3 employed for NR operations in the unlicensed spectrum
From the above discussion, we observe that NR-U can support NR R15 PUCCH Formats 2 and 3, with the following considerations: 
Proposal 6: NR R15 PUCCH formats 2 and 3 can be used in NR-U under the 2MHz OCB 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 support the transmission of a few UCI bits, the largest SCS should be configured.
· 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
As discussed in Section 2, for the most part, PUCCH is one UL PHY channel to follow an interlace-based design approach. This also allows for simple frequency multiplexing of concurrent PUCCH transmissions from multiple UEs. Nevertheless, further enhancements can be applied to a basic interlace design such as employing FH to meet OCB requirement per slot/subframe, or PRB-specific processing to reduce the resultant PAPR/CM as discussed in the Subsection 3.2.2.
As per earlier agreements [2], the NR-U operating bandwidth can be an integer multiple of 20MHz unit channels on which LBT can be performed individually. As such, the actual available bandwidth for UE could be different from the scheduled bandwidth by gNB due the uncertainty of LBT. Therefore, NR-U PUCCH should be confined within the minimum nominal channel bandwidth, e.g. 20MHz in 5GHz.
Proposal 7: NR-U PUCCH should be confined within the minimum nominal channel bandwidth, i.e. 20MHz.
As agreed in previous RAN1 meetings, flexible number of OFDM symbols, flexible payload size, user multiplexing, number of formats are aspects that can be considered for interlace waveform based PUCCH design. In addition, a prudent choice of an interlace-based design for PUCCH needs to consider other factors such as the scalability over various transmission bandwidths, and the potential increase in PAPR/CM, especially when repetition of a small sized UCI is needed.   
[bookmark: _Ref524891420][bookmark: _Ref520199338]Mapping to physical PRBs
As agreed in the SI phase [4], the nominal number of PRBs per interlace (N) can be similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS. As such, for the independent transmission of PUCCH without frequency multiplexing with PUSCH, the higher layer parameter nrofPRBs in case of formats 2 and 3 can be limited to N, i.e., to partially or fully occupy the PRBs of only one interlace, or otherwise (nrofPRBs – N) PRBs can be multiplexed with the N PRBs of the indicated interlace i, e.g., by partially occupying the interlace of the subsequent index i+1. Whereas, instead of indicating the index PUCCH-starting-PRB, the gNB should indicate the index of the allocated interlace i. 
Proposal 8: Introduce a physical mapping rule to physical PRBs for Multi-PRB PUCCH, e.g. formats 2 and 3.
[bookmark: _Ref524891449]PUCCH design for PAPR/CM reduction 
While simply repeating modulation symbols in each PRB of an interlace incurs small specification impact for an enhanced PUCCH format, it causes unacceptably high power dynamics of the signal. In [4], it was noted that mechanisms to control the PAPR should be considered for block-interlaced PUCCH formats. This could be understood from the following example. Define the transmitted signal by

for  where  is a Fourier coefficient at frequency . If the modulation symbol is repeated, , for , then it follows that:
Since , it follows that repetition produces large power variations. This also translates to a large cubic metric (CM) as shown in Figure 5, where we compare PUCCH formats using DFT precoded QPSK without interlacing (using 1 PRB), with interlacing (using repetition of modulation symbols to 10 PRBs equidistantly located every 10th PRB) and with interlacing without using repetition of modulation symbols. As shown in Figure 5, interlacing with repetition increases the CM about 10 dB. Therefore, the signal needs to be processed differently in the PRBs of an interlace, i.e., either on bit level (e.g., scrambling the bits differently in the PRBs) or on modulation symbol level (e.g., interleaving symbols differently in the PRBs or using sequence modulation on the modulation symbols, etc.). 
Proposal 9: PRB-specific processing, either on bit level or modulation symbol level, should be applied to PUCCH formats using block interlaced structure. 
[image: ]
[bookmark: _Ref509395102]Figure 5. CCDF of the CM for PUCCH format 3 without interlace (1 PRB), with interlace (10 PRBs and 1 PRB every 10th PRB) and repetition on each PRB, and with interlace (10 PRBs and 1 PRB every 10th PRB) without repetition.
SRS design
Based on the agreements for SRS which have been reached during the SI stage, the following SRS design should be specified: 
SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
For uplink transmission in NR-U, interlace based waveform for PUSCH and PUCCH had been adopted. For better compatibility, interlace based waveform for SRS can also be considered to support flexible multiplexing of SRS and other uplink signals in NR-U.
In licensed band, frequency hopping for non-interlace based SRS transmission was supported. In NR-U, channel condition for different interlace may be different, e.g. the channel may be fluctuated between the first interlace and the last interlace. In order to acquire channel conditions in whole bandwidth, frequency hopping for interlace based SRS transmission should be also supported.    
In LTE LAA, resource allocation for PUSCH was according to a predefined interlace pattern. In NR-U, similar design principle will be adopted for PUSCH. Considering channel estimation based on SRS is mainly used for link adaptation of PUSCH transmission. Therefore, the hopping pattern for interlace based SRS transmission should be aligned with the interlace pattern for PUSCH.  
Proposal 10: Support interlace based waveform for SRS in NR-U.
Proposal 11: Interlace based SRS hopping pattern should be aligned with predefined resource allocation pattern for PUSCH.
Conclusion
In this contribution, we discussed the design considerations of the UL physical channels, i.e, PUSCH, PUCCH, and PRACH, including interlace-based design, PUCCH formats and waveform adaptation, as well as PRACH numerology, waveform and formats. The following observations and proposals were made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]For the PUSCH design:
Observation 1: sub-PRB based interlace design requires significant standard effort.
Observation 2: The usage of DFT-S-OFDM is restricted in NR-U. No additional work more than NR R15 is required in NRU WI. 
Proposal 1: Within a 20 MHz carrier bandwidth, PRB-based interlace with M = 10, N = 10 or 11 for 15 kHz SCS, M = 5, N = 10 or 11 for 30 kHz and M = 3, N = 8 or 9 or M = 2, N = 12 for 60 kHz should be supported 
Proposal 2: For carriers with bandwidth larger than 20MHz, interlace with fixed spacing (Alt-1) should be supported. 
Proposal 3: Multiple numerologies in NR R15 are still beneficial in NRU to cater with various hardware limitation and channel access mechanism between uplink and downlink in NRU. 
Proposal 4: PUSCH(s) as in Rel-15 NR is enough for 60 kHz SCS and partial PUSCH modes not depending on LBT outcome. 
Proposal 5: multiple start positions in the first slot of UL burst could be supported for PUSCH using 15 kHz and 30 kHz. PUSCH DMRS can be used by gNB to detect the start of transmission. OS symbols at the end of slot should be punctured depending on the LBT outcome.
For the PUCCH design:
Proposal 6: NR R15 PUCCH formats 2 and 3 can be used in NR-U under the 2MHz OCB 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 support the transmission of a few UCI bits, the largest SCS should be configured.
· 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 7: NR-U PUCCH should be confined within the minimum nominal channel bandwidth, i.e. 20MHz.
Proposal 8: Introduce a physical mapping rule to physical PRBs for Multi-PRB PUCCH, e.g. formats 2 and 3.
Proposal 9: PRB-specific processing, either on bit level or modulation symbol level, should be applied to PUCCH formats using block interlaced structure. 
For SRS design:
[bookmark: OLE_LINK6]Proposal 10: Support interlace based waveform for SRS in NR-U.
[bookmark: _GoBack]Proposal 11: Interlace based SRS hopping pattern should be aligned with predefined resource allocation pattern for PUSCH.
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