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1. Introduction
In this contribution, we will discuss the remaining detail on the following topics for NR-U:
•	PUCCH design consideration
•	PUSCH design consideration
•	Configurability between interlace and contiguous mappings

2. [bookmark: _Ref494794648]PUCCH design consideration
2.1. [bookmark: _Ref528581501]Enhanced PUCCH format 0 and format 1
In [1], it is agreed that enhancement of Rel-15 PUCCH format 0 and 1 will be supported in NR-U. It is further agreed in [3] that:
Agreement (RAN1#98bis):
For PUCCH formats 0 and 1 configured with an interlace mapping, the formula for cyclic shift hopping in Section 6.3.2.2.2 of 38.211 is given by
                                                 (1)
where  indexes consecutive PRBs within an interlace starting with the lowest indexed PRB of the PUCCH resource within the BWP. N is the number of PRBs in an interlace (10 or 11).
FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM
FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)
Note that in Rel-15, for each base sequence, 12 cyclically shifted (time domain), mutually orthogonal sequences (indexed from 0 to 11) are used to carry information bits for PF0 and PF1. A single PRB is used to carry one of these length-12 sequences. For NR-U, since an interlace consists of either 10 or 11 PRBs, we need to figure out a better way to utilize these additional resources. Below are some possible PF0 and PF1 enhancement options (not mutually exclusive) we could consider:
1. Given the same symbol length, UCI size, and maximum UE multiplexing capability as in Rel-15, the additional resources (PRBs) could be used to improve the receiving performance and reduce the PAPR of the signal.
2. The additional resources (PRBs) could be used to increase the size of supported UCI payloads and the maximum UE multiplexing capacity.
A specific (incremental) cycling of cyclic shifts could be defined by the initial sequence index  and the cycling interval . For example, consider mapping the 10 cyclically shifted sequences [1,6,11,4,9,2,7,0,5,10] onto an interlace of 10 PRBs, where each sequence is represented by its index. This concatenated sequence could be specified by the initial sequence index , and a cycling interval . Note that the indexes of the sequences is obtained based on mod . If we pick a specific cycling interval, and allow the initial sequence index to vary from 0 to 11, we have a set of 12 mutually orthogonal concatenated sequences, as shown in Table 1. 
With the definition above, our simulation results showed that when the cycling interval belongs to the set of {1,5,7,11}, the corresponding signal has the lowest PAPR and CM. Furthermore, among these cycling intervals within the set of {1,5,7,11}, the differences of their corresponding PAPRs and CMs are negligible. 
[bookmark: _Ref16854117]Proposal 1: For PUCCH format 0 and format 1 enhancements, support incremental cycling of cyclically shifted base sequence, where the possible cycling intervals (i.e., possible values of  in equation (1)) are selected from the set of {1,5,7,11}. Note it is possible that more than one value of  is used to enhance UE multiplexing capability.

[bookmark: _Ref16776698]Table 1: PUCCH Sequence to Interlace Mapping for ePF0 and ePF1
	
	Cycling Interval = 1
	Cycling Interval = 5
	Cycling Interval = 7
	Cycling Interval = 11

	0
	[0,1,2,3,4,5,6,7,8,9]
	[0,5,10,3,8,1,6,11,4,9]
	[0,7,2,9,4,11,6,1,8,3]
	[0,11,10,9,8,7,6,5,4,3]

	1
	[1,2,3,4,5,6,7,8,9,10]
	[1,6,11,4,9,2,7,0,5,10]
	[1,8,3,10,5,0,7,2,9,4]
	[1,0,11,10,9,8,7,6,5,4]

	2
	[2,3,4,5,6,7,8,9,10,11]
	[2,7,0,5,10,3,8,1,6,11]
	[2,9,4,11,6,1,8,3,10,5]
	[2,1,0,11,10,9,8,7,6,5]

	3
	[3,4,5,6,7,8,9,10,11,0]
	[3,8,1,6,11,4,9,2,7,0]
	[3,10,5,0,7,2,9,4,11,6]
	[3,2,1,0,11,10,9,8,7,6]

	4
	[4,5,6,7,8,9,10,11,0,1]
	[4,9,2,7,0,5,10,3,8,1]
	[4,11,6,1,8,3,10,5,0,7]
	[4,3,2,1,0,11,10,9,8,7]

	5
	[5,6,7,8,9,10,11,0,1,2]
	[5,10,3,8,1,6,11,4,9,2]
	[5,0,7,2,9,4,11,6,1,8]
	[5,4,3,2,1,0,11,10,9,8]

	6
	[6,7,8,9,10,11,0,1,2,3]
	[6,11,4,9,2,7,0,5,10,3]
	[6,1,8,3,10,5,0,7,2,9]
	[6,5,4,3,2,1,0,11,10,9]

	7
	[7,8,9,10,11,0,1,2,3,4]
	[7,0,5,10,3,8,1,6,11,4]
	[7,2,9,4,11,6,1,8,3,10]
	[7,6,5,4,3,2,1,0,11,10]

	8
	[8,9,10,11,0,1,2,3,4,5]
	[8,1,6,11,4,9,2,7,0,5]
	[8,3,10,5,0,7,2,9,4,11]
	[8,7,6,5,4,3,2,1,0,11]

	9
	[9,10,11,0,1,2,3,4,5,6]
	[9,2,7,0,5,10,3,8,1,6]
	[9,4,11,6,1,8,3,10,5,0]
	[9,8,7,6,5,4,3,2,1,0]

	10
	[10,11,0,1,2,3,4,5,6,7]
	[10,3,8,1,6,11,4,9,2,7]
	[10,5,0,7,2,9,4,11,6,1]
	[10,9,8,7,6,5,4,3,2,1]

	11
	[11,0,1,2,3,4,5,6,7,8]
	[11,4,9,2,7,0,5,10,3,8]
	[11,6,1,8,3,10,5,0,7,2]
	[11,10,9,8,7,6,5,4,3,2]



We could also use the additional resources (PRBs) to increase the size of supported UCI payloads and the maximum UE multiplexing capacity. In fact, it is well known that repetition code (and equivalently, the cycling code described above) does not provide coding gain in the Euclidian domain. This means that we should be able to find codes that communicate information more efficiently. To achieve this, we need to increase the number of sequences within the supported sequence set. Ideally, we would like to do so without sacrificing the PAPR improvements described above. Assume the original sequence set is the incremental cycling of cyclically shifted base sequence with cycling interval of 1 (this code is an example of 1-Cycling Code as listed in Table 2). The sequence set has a total of 12 sequences, as provided in column 2 of Table 2. A simple way to increase the number of sequences within the set without sacrificing PAPR is to include other incremental cycling sequences corresponding to cycling interval of {5,7,11}. The resulting codes are denoted as 2-Cycling Code and 4-Cycling Code in Table 2.
Even though the exact trade-off between performance and overall spectral efficiency depends on the number of UEs supported and how the codewords are distributed among the UEs, the minimum distance  between any codeword pairs within the whole codeword set still serve as a very good metric for such evaluation. Assume each code symbol has energy , the full codeword transmitted on an interlace will have energy of  (or ). For the 1-Cycling code shown in Table 2, it is straightforward to show that . For 2-Cycling code and 4-Cycling code,  equals  and , respectively. Note that if we choose the 2-Cycling code with cycling intervals of {1,7} instead of {1,11}, the corresponding  would become  instead of , leading to a worse trade-off between performance and overall spectral efficiency.
To illustrate the performance difference between a 2-Cycling Code with cycling intervals of {1,7} and a 2-Cycling Code with cycling intervals of {1,11}, consider the case when transmitting 2 bits of HARQ ACK-NACK and 1 bit of SR using ePF0. In this case, a 2-Cycling Code can support up to 3 UEs. The formula for the corresponding cyclic shift is given by
                                   (2)
Where for 2-Cycling Code with cycling intervals of {1,7},  is defined as:
                                                                     (3)
And for 2-Cycling Code with cycling intervals of {1,11},  is given by:
                                                                   (4)
Assume UE1 is configured with  and  without loss of generality. Assume the HARQ bits to be transmitted are {0,0}, then according to Table 9.2.3-4 in TS 38.213, we have . Now consider the case where . The concatenated sequences that are mapped onto the interlace corresponding to  and  are [0,1,2,3,4,5,6,7,8,9] and [0,7,2,9,4,11,6,1,8,3] respectively. As we can see, out of the 10 PRBs in an interlace, 5 of them have identical component sequences for both cases (namely, sequences of indexes 0,2,4,6,8). This confirms our previous observation that  of this 2-Cycling Code is . Next, we consider the case where . The concatenated sequences that are mapped onto the interlace corresponding to  and  are [0,1,2,3,4,5,6,7,8,9] and [0,11,10,9,8,7,6,5,4,3] respectively. As we can see, out of the 10 PRBs in an interlace, only 1 of them have identical component sequence for both cases (namely, sequences of indexes 6). In fact, it can be shown that  of this 2-Cycling Code is , and it would provide a performance gain of 2dB over the 2-Cycling Code with .
[bookmark: _Ref16854124][bookmark: _Ref21353099]Proposal 2: For ePF0, support larger UE multiplexing capability by expanding the sequence pool size from 12 to 24. Specifically, for the case of 2 HARQ ACK/NACK bits + 1 SR bit, use  to carry the SR bit. The corresponding formula for cyclic shift is given by:
 where 

[bookmark: _Ref16849960]Table 2: Possible Code Designs for ePF0
	
	1-Cycling Code
	2-Cycling Code
	4-Cycling Code

	Codeword Set 
	Incremental cycling of cyclically shifted base sequence, where cycling interval = 1 or 5 or 7 or 11
	Incremental cycling of cyclically shifted base sequence, where cycling interval = {1, 11} or {5,7}
	Incremental cycling of cyclically shifted base sequence, where cycling interval = {1, 5,7,11}

	UCI payload size (bit)
	1
	2 
	2

	
	
	
	

	Multiplexing Capacity
	6
	6
	12




2.2.  Frequency domain resource allocation for NR-U PUCCH with interlace mapping
In RAN1#98bis [3], the following agreements were made for NR-U PUCCH configuration:
Agreement (RAN1#98bis):
Update the RRC parameter InterlaceAllocation-r16 (defined for a dedicated PUCCH resource) with the following:
· Index of 1st interlace
· Indication of the 2nd interlace index (if 2nd interlace is configured)
· FFS: How the indication is achieved
· Indication of the LBT bandwidth location in which the PUCCH resource is configured
Agreement (RAN1#98bis):
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2
· For Interlaced PF3:
· NPUCCH = 10 if one interlaced is configured (as previously agreed)
· NPUCCH = 20 if two interlaces are configured
· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 
· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)
· Note: This agreement refers to configured interlaces, not actually used interlaces. 
· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.
Agreement (RAN1#98bis):
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16
Agreement (RAN1#98bis):
Support an RRC parameter to configure a UE with either interlace or contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signalling
· If interlace mapping is configured, frequency hopping is not configured
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUCCH resources to be different


Regarding the second interlace indication for PUCCH Formats 2 and 3 with interlace mapping if the second interlace is enabled, we don't see clear benefit from configuring two arbitrary interlaces for a PUCCH transmission. To simplify the PUCCH resource configuration, the first and second interlaces configured for a PUCCH transmission is contiguous, and the second interlace index is implicitly derived by incrementing the first interlace index by 1. A new RRC parameter interlace1 should be introduced in a PUCCH format 2 and format 3 configurations for indicating whether the second interlace is enabled, as shown in Table 3.

Table 3: RRC parameter introduced for PUCCH Formats 2 and 3 configurations
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	Interlace1
	{enable}
	new
	Per UL BWP
	Dedicated
	Added in PUCCH-format2 and PUCCH-format3.
For interlaced PUCCH format 2/3, interlace1 can be further configured. When configured to be enabled, the second interlace index is derived by incrementing the first interlace index by 1.
	nrofPRBs should not be configured  when interlace based PUCCH formats are configured                                      


Proposal 3: A new RRC parameter is added in a PUCCH format 2 and format 3 configurations for indicating whether the second interlace is enabled.
Proposal 4: If the second interlace is enabled for PUCCH Formats 2 or 3, the second interlace index is implicitly derived by incrementing the first interlace index by 1.

For a BWP configured with more than one LBT bandwidths, since a PUCCH resource should be confined within one of the LBT bandwidths, a new parameter (e.g., LBTbandwidthIndex) is included in a PUCCH resource configuration for indicating the LBT bandwidth location in which the PUCCH resource is configured. Then, the UE can determine actual accolated PRBs for the PUCCH resource as an intersection of the indicated interlace(s) and the indicated LBT bandwidth location). In order to increase the probability for a UCI report as it will be subject to LBT before transmission, we see that providing a set of frequency domain candidate resources distributed in different LBT bandwidths for some critical UCI types, e.g., HARQ-ACK feedback, would be beneficial. The UE can perform LBT for each frequency domain candidate resource in each LBT bandwidth, and selects one available candidate resource to report the UCI. To achieve that, as the example shown in Figure 1, the new parameter (e.g., LBTbandwidthIndex) included in a PUCCH resource configuration can be directly adopted to indicate multiple LBT bandwidth locations for the PUCCH resource, where each indicated LBT bandwidths has a corresponding frequency domain candidate resource. Since these candidate resources are configured with the same PUCCH format, it can avoid efforts that the different PUCCH formats for a UCI report prepared by UE or detected by gNB.
Proposal 5: Support indicating more than one LBT bandwidth locations each corresponding to a frequency domain candidate resource for a PUCCH transmission.



Figure 1: Example of frequency domain resource allocation for a PUCCH transmission

3. PUSCH design consideration
3.1. Frequency domain resource allocation for 20 MHz bandwidth
For interlace transmission of a PUSCH on 20 MHz BWP or carrier bandwidth, NR-U supports the following PRB-based interlace design:
· 15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs per interlace
· 30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs per interlace

In RAN1#98 meeting, it was agreed that using 5-bit bitmap to indicate all possible interlace combinations for interlaced PUSCH transmission with SCS 30 kHz. For interlaced PUSCH transmission with 15 kHz SCS, two alternatives are to be down-selected:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations

We see that Alt-2 (RIV-based interlace allocation mechanism) to indicate a starting interlace index and a length in terms of contiguously allocated interlaces can provide sufficient scheduling flexibility and low DCI overhead. Moreover, the saved bits in time domain resource assignment (TDRA) field can be adopted for other purpose, e.g., partial interlace allocation. If Alt-2 is supported, the remaining 9 RIV values larger than 54 are used to indicate pre-defined interlace combinations. In LTE uplink resource allocation type 3, 8 RIV values (55~62) are used to indicate 8 carefully selected interlace combinations for maximizing the transmit power, as shown in Table 4, which could be the baseline for NR-U.

[bookmark: _Ref16854712]Proposal 6: For 15 kHz SCS with M = 10 interlaces, support Alt-2 (RIV-based interlace allocation mechanism) for indicating interlace allocation for a PUSCH transmission.


Table 4. Interlace combinations used in LTE uplink resource allocation type 3
	     Interlace

RIV
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	55
	V
	
	
	
	
	V
	
	
	
	

	56
	V
	V
	
	
	
	V
	V
	
	
	

	57
	
	V
	
	
	
	
	V
	
	
	

	58
	
	V
	V
	V
	V
	
	V
	V
	V
	V

	59
	
	
	V
	
	
	
	
	V
	
	

	60
	
	
	V
	V
	V
	
	
	V
	V
	V

	61
	
	
	
	V
	
	
	
	
	V
	

	62
	
	
	
	
	V
	
	
	
	
	V
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	Reserved


             			V: Assigned interlace

3.2. Frequency domain resource allocation for bandwidth larger than 20 MHz
In RAN1#98 [2], a working assumption was agreed as follows:
Agreement (RAN1#98):
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· For a given SCS, the following PRB-based interlace design is supported for PUSCH and PUCCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Whether and how partial interlace allocation is supported considering mechanisms specific to PUSCH and PUCCH
· FFS: PUCCH bandwidth
· FFS: Whether or how an interlace design for PUSCH and/or PUCCH is supported on 10 MHz according to the revised WID objective 
In this agreement, for a given SCS, the interlace spacing (M) is the same regardless of bandwidth. For 15 kHz SCS and 30 kHz SCS, M = 10 interlaces and M = 5 interlaces are adopted for all bandwidth, respectively. Based on this interlace design, if full interlace allocation is adopted, the number of PRBs per interlace (N) would be scaled with bandwidth. Although full interlace allocation is a straightforward way to extend the interlace allocation mechanisms used in 20 MHz to a larger bandwidth without additional signaling overhead, there are several drawbacks of full interlace allocation:
1. Full interlace allocation means that rather large number of PRBs would be allocated per interlace for a larger bandwidth. For example, N = 43 or 44 PRBs would be allocated per interlace for 30 kHz SCS with 80 MHz bandwidth (217 PRBs). When a UE has only a small TB to transmit, allocation of one full interlace to the UE on a wideband BWP (or carrier) may not be efficient from resource utilization perspective.
2. If all PRBs allocated for one interlace can only be assigned to one UE, UE multiplexing capacity cannot be increased even operating on a larger bandwidth since the number of interlaces is kept the same regardless of bandwidth.
3. Scheduling PUSCH transmissions in a gNB-initiated COT can increase channel access possibility by using a shorter LBT procedure (or no LBT). However, the gNB cannot always acquire all the LBT bandwidths within a wideband BWP. Full interlace allocation has not flexibility to schedule a PUSCH only on the LBT bandwidths (s) acquired by the gNB.
4. If NR-U only allows a PUSCH transmission only if LBT is successful at the UE in all LBT bandwidths of the scheduled PUSCH, then a PUSCH with full interlace allocation on a wideband BWP would suffer larger LBT blocking possibility.
Thus, we see that allowing the scheduling flexibility for partial interlace allocation would be beneficial to address these issues caused by full interlace allocation for wideband operation. To achieve that, on top of the interlace allocation mechanisms described in Section 3.1, a partial interlace indicator can be introduced in DCI scheduling a PUSCH to indicate a portion of a BWP (including one or more LBT bandwidths) that is allocated for the PUSCH transmission. A part of FDRA field can be used for the partial interlace indicator. Then, the UE can determine actual accolated PRBs for the PUSCH transmission as an intersection of the allocated interlaces and the allocated portion of the BWP bandwidth given by the partial interlace indicator, as the example shown in Figure 2. To support sufficient flexibility with reasonable signalling overhead, the granularity of partial interlace allocation can be defined in unit of LBT bandwidth, and the partial interlace indicator can be designed as a bitmap.  



Figure 2: Example of partial interlace allocation 

[bookmark: _Ref16854721]Proposal 7: For a PUSCH transmission with interlace mapping in a BWP, a bitmap is included in frequency domain resource allocation (FDRA) field for indicating which LBT bandwidth(s) in the BWP is allocated to the UE for the PUSCH transmission. 
· UE determines frequency domain resource allocation the PUSCH transmission by intersection between allocated interlace(s) and allocated LBT bandwidth(s)


4. Configurability between interlace and contiguous mappings
In RAN1#98bis meeting, the following agreements were made for configurability between interlace and contiguous mappings for NR-U PUCCH/PUSCH:
Agreement (RAN1#98bis):
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16
Agreement (RAN1#98bis):
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PUSCH (e.g., msg3), i.e., PUSCH transmitted prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this
· Cell specific PUSCH and PUCCH can only be configured to both have interlaced mapping or to both have non-interlaced mapping
· FFS: The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration
Agreement (RAN1#98bis):
Support an RRC parameter to configure a UE with either interlace or contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signalling
· If interlace mapping is configured, frequency hopping is not configured
· [bookmark: _GoBack]FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUCCH resources to be different
Agreement (RAN1#98bis):
For PUSCH transmissions after dedicated configuration, support an RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation
· If interlace mapping is configured, frequency hopping is not configured
· FFS: Whether this RRC configuration applies to fallback DCI
· FFS: Whether/how dynamic (non-fallback DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation 
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different

According to these agreements, there are several remaining questions as follows:
1. Whether to support different mappings for dedicted PUCCH and PUSCH?
2. Whether to support different mappings for different dedicated PUCCH resources?
3. Whether to support dynamic switching between different mappings for PUSCH transmissions?
4. Whether to support different mappings for PUCCH/PUSCH before and after dedicated RRC configuration in the same serving cell?
For the four questions above, since we don’t see clear benefits from allowing configurations/allocations with different mappings, we prefer not to support them in NR-U.

Proposal 8: Not support different mappings for dedicated PUCCH and PUSCH.
Proposal 9: Not support different mappings for different dedicated PUCCH resources.
Proposal 10: Not support dynamic switching between different mappings for PUSCH transmissions.
Proposal 11: Not support different mappings for PUCCH/PUSCH before and after dedicated RRC configuration on the same serving cell.


5. Conclusion
In summary, we have the following conclusions:
Proposal 1: For PUCCH format 0 and format 1 enhancements, support incremental cycling of cyclically shifted base sequence, where the possible cycling intervals (i.e., possible values of  in equation (1)) are selected from the set of {1,5,7,11}. Note it is possible that more than one value of  is used to enhance UE multiplexing capability.
Proposal 2: For ePF0, support larger UE multiplexing capability by expanding the sequence pool size from 12 to 24. Specifically, for the case of 2 HARQ ACK/NACK bits + 1 SR bit, use  to carry the SR bit. The corresponding formula for cyclic shift is given by:
 where 
Proposal 3: A new RRC parameter is added in a PUCCH format 2 and format 3 configurations for indicating whether the second interlace is enabled.
Proposal 4: If the second interlace is enabled for PUCCH Formats 2 or 3, the second interlace index is implicitly derived by incrementing the first interlace index by 1.
Proposal 5: Support indicating more than one LBT bandwidth locations each corresponding to a frequency domain candidate resource for a PUCCH transmission.
Proposal 6: For 15 kHz SCS with M = 10 interlaces, support Alt-2 (RIV-based interlace allocation mechanism) for indicating interlace allocation for a PUSCH transmission.
Proposal 7: For a PUSCH transmission with interlace mapping in a BWP, a bitmap is included in frequency domain resource allocation (FDRA) field for indicating which LBT bandwidth(s) in the BWP is allocated to the UE for the PUSCH transmission. 
· UE determines frequency domain resource allocation the PUSCH transmission by intersection between allocated interlace(s) and allocated LBT bandwidth(s)
Proposal 8: Not support different mappings for dedicated PUCCH and PUSCH.
Proposal 9: Not support different mappings for different dedicated PUCCH resources.
Proposal 10: Not support dynamic switching between different mappings for PUSCH transmissions.
Proposal 11: Not support different mappings for PUCCH/PUSCH before and after dedicated RRC configuration on the same serving cell.
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