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1. Introduction
In RAN1 #106-e meeting [1], frequency hopping issue for multiple PUSCHs scheduled by a single DCI is discussed. However, consensus is not achieved since new problem is raised in the discussion, i.e. there is channel access issue for a PUSCH transmission spans multiple RB sets with frequency hopping when operation with shared spectrum access.
In this contribution, frequency hopping issue is discussed for PUSCH, PUCCH and SRS.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
General clarification for multi-PUSCH scheduling
In TS38.214 v16.7.0 [2], frequency hopping for PUSCH repetition Type A is specified as follows.
6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
……

From the above text, it is not clear which frequency hopping type is applied for multiple PUSCHs scheduled by a single DCI since only single slot and multi-slot PUSCH are explicitly mentioned. Since there is no repetition for multi-PUSCH scheduling, it is straight forward that intra-slot frequency hopping is applicable and inter-slot frequency hopping is not applicable. Thus, the following TP is proposed for general clarification and corresponding CR is provided in [3]:
-----------------------------------------------------TP for TS 38.214-----------------------------------------------------
*** Unchanged text omitted ***
[bookmark: _Toc11352165][bookmark: _Toc20318055][bookmark: _Toc27299953][bookmark: _Toc29673228][bookmark: _Toc29673369][bookmark: _Toc29674362][bookmark: _Toc36645592][bookmark: _Toc45810641][bookmark: _Toc75165384]6.3	UE PUSCH frequency hopping procedure
[bookmark: _Toc29673229][bookmark: _Toc29673370][bookmark: _Toc29674363][bookmark: _Toc36645593][bookmark: _Toc45810642][bookmark: _Toc75165385]6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
*** Unchanged text omitted ***
-----------------------------------------------------TP for TS 38.214-----------------------------------------------------
[bookmark: _Ref86863218]Proposal 1: Adopt the CR provided in  [3] with the above text proposal for general clarification on frequency hopping type for multi-PUSCH scheduling.

Frequency hopping for PUCCH/PUSCH/SRS in NRU
[bookmark: _Ref61344139]Background in existing NR licensed operation
[bookmark: _Ref521492551][bookmark: PP12][bookmark: _Hlk32419238]In licensed operation as specified in NR Rel-15/16, frequency hopping type is depending on the type of UL signal/channel or network configuration. To provide a reference, frequency hopping modes are summarized for PUCCH, PUSCH and SRS in the following tables:
Table 1		Summary on frequency hopping for PUCCH (not interlace) in NR licensed operation
	Cases
	PUCCH type
	Configuration/Indication
	FH type

	1.1
	Common PUCCH (Format 0/1) in an initial UL BWP for a Pcell
	None
	Intra-slot FH

	1.2
	Dedicated PUCCH (Format 0/1/2/3/4) in an active UL BWP
	intraSlotFrequencyHopping
	Intra-slot FH

	1.3
	Dedicated PUCCH (Format 1, 3, 4) in an active UL BWP if nrofSlots>1
	interslotFrequencyHopping
	Inter-slot FH


Table 2		Summary on frequency hopping for PUSCH (RA type 1) in NR licensed operation
	Cases
	PUSCH type
	Configuration/Indication
	FH type

	2.1
	PUSCH scheduled by RAR UL grant, or by DCI format 0_0 with CRC scrambled by TC-RNTI in an active UL BWP
	frequency hopping flag is ‘1’
	Intra-slot FH

	2.2
	Single slot or multi-slot PUSCH transmission or each of multiple PUSCH transmissions scheduled by a DCI in an active UL BWP
	frequencyHopping is intra-slot FH
frequency hopping flag in the DCI is set to ‘1’
	Intra-slot FH

	2.3
	Multi-slot PUSCH scheduled by a single DCI in an active UL BWP
	frequencyHopping is inter-slot FH
frequency hopping flag in the DCI is set to ‘1’
	Inter-slot FH

	2.4
	Type 1/Type 2 Configured PUSCH in an active UL BWP
	frequencyHopping is intra-slot FH
frequencyHoppingOffset is provided /frequency hopping flag in the activation DCI is set to ‘1’
	Intra-slot FH

	2.5
	Type 1/Type 2 Configured PUSCH with repK>1 in an active UL BWP
	frequencyHopping is inter-slot FH
frequencyHoppingOffset is provided /frequency hopping flag in the activation DCI is set to ‘1’
	Inter-slot FH


Table 3		Summary on frequency hopping for SRS in NR licensed operation
	Cases
	SRS type
	Configuration/Indication
	FH type

	3.1
	P/SP/AP-SRS transmission in in an active UL BWP
	
	FH pattern depending on SRS configuration 


Frequency hopping issue for unlicensed operation 
As identified in RAN1#106-e meeting discussion [1], there may be channel access issue if two-hop transmission spans multiple RB sets defined in NR unlicensed operation. To avoid this issue, the following two alternatives are proposed:
· Alt. 1: Frequency hopping is not supported when operation with shared spectrum access.
· Alt. 2: Frequency hopping is supported only in scenario that number of RB set(s) for the carrier is 1 when operation with shared spectrum access.
If looking at the above summarized cases, the transmissions always occur in an active UL BWP. Taking this into account, there will be no channel access issue if the number of RB set(s) for the active UL BWP is 1. Therefore, one additional alternative is proposed:
· Alt. 3: Frequency hopping is supported only in scenario that number of RB set(s) for the carrier is 1 when operation with shared spectrum access.
By considering transmission of PUCCH, PUSCH and SRS respectively, the proposed TP texts for different alternatives are provided in Appendixes.
In terms of spec impact, there is no impact on common PUCCH if Alt. 3 is adopted. Since common PUCCH can only be configured in initial UL BWP for a Pcell where the bandwidth is limited to one RB set when operation with shared spectrum access. By Alt. 3, frequency hopping is supported for common PUCCH and thus there is no need to change current spec. For Alt 1 and Alt. 2, how to determine PRB position of common PUCCH should be defined for the case without supporting frequency hopping. For other parts, the spec impact is similar by adopting the 3 alternatives. 
In terms of performance, the evaluation results of PUCCH and PUSCH with and without frequency hopping in a 20MHz bandwidth (corresponding to one RB set) are provided below. It is clearly observed that about 3dB performance gain could be achieved by frequency hopping for 1% BLER.
[image: ]
Figure 1	     PUCCH performance comparison with and without frequency hopping
In summary, Alt. 3 has less spec impact with significant performance gain compared to Alt. 1 and Alt. 2. 
[bookmark: _Ref86863223]Proposal 2: Frequency hopping is supported only in scenario that number of RB set(s) for the carrier is 1 when operation with shared spectrum access (i.e. Alt. 3).
[bookmark: _Ref86863239]Proposal 3: Adopt TP3 in Appendixes for solving frequency hopping issue in NR unlicensed operation.

3. Conclusion
In this contribution, we focus on frequency hopping issue for PUSCH, PUCCH and SRS, and have the following proposals:
Proposal 1: Adopt the CR provided in  [3] with the above text proposal for general clarification on frequency hopping type for multi-PUSCH scheduling.
Proposal 2: Frequency hopping is supported only in scenario that number of RB set(s) for the carrier is 1 when operation with shared spectrum access (i.e. Alt. 3).
Proposal 3: Adopt TP3 in Appendixes for solving frequency hopping issue in NR unlicensed operation.
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Appendixes
TP1 for Alt. 1
TP1a for PUCCH
-----------------------------------------------------TP1a on TS 38.214-----------------------------------------------------
9.2.1	PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. 
The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset , and a cyclic shift index set for a PUCCH transmission. 
The UE transmits a PUCCH using frequency hopping when operation without shared spectrum access or if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping.
*** Unchanged text omitted ***
[bookmark: _Hlk86228145]If  and a UE is provided a PUCCH resource by pucch-ResourceCommon when operation without shared spectrum access
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon when operation without shared spectrum access
[bookmark: _Hlk86228220]-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
If a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon when operation with shared spectrum access
[bookmark: _Hlk86228004]-	the UE determines for the PRB index of the PUCCH transmission as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-  	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
*** Unchanged text omitted ***
A PUCCH resource includes the following parameters:
-	a PUCCH resource index provided by pucch-ResourceId
-	an index of the first PRB prior to frequency hopping or for no frequency hopping by startingPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of the first PRB after frequency hopping by secondHopPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an indication for intra-slot frequency hopping by intraSlotFrequencyHopping, when operation without shared spectrum access
-	an index of a first interlace by interlace0, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	if provided, an index of a second interlace by interlace1, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of an RB set by rb-SetIndex, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-		a configuration for a PUCCH format provided by format
*** Unchanged text omitted ***
9.2.6	PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the UE does not expect the PUCCH-config to include nrofSlots.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots when operation without shared spectrum access
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot
-----------------------------------------------------TP1a on TS 38.214-----------------------------------------------------
TP1b for PUSCH
-----------------------------------------------------TP1b on TS 38.213-----------------------------------------------------
8.3 PUSCH scheduled by RAR UL grant

An active UL BWP, as described in clause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant is indicated by higher layers. 
If useInterlacePUCCH-PUSCH is not provided by BWP-UplinkCommon and BWP-UplinkDedicated, for determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP
The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP size of  RBs, a UE processes the frequency domain resource assignment field as follows
-	if , or for operation with shared spectrum channel access if 
-	truncate the frequency domain resource assignment field to its  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
-	else
-	insert  most significant bits, or for operation with shared spectrum channel access insert  most significant bits, with value set to '0' after the  bits to the frequency domain resource assignment field, where   if the frequency hopping flag is set to '0' and  is provided in Table 8.3-1 if the hopping flag bit is set to '1' when operation without shared spectrum access, and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
-	end if
*** Unchanged text omitted ***
-----------------------------------------------------TP1b on TS 38.213-----------------------------------------------------







-----------------------------------------------------TP1b on TS 38.214-----------------------------------------------------

6.3	UE PUSCH frequency hopping procedure

6.3.1	Frequency hopping for PUSCH repetition Type A

For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
For operation with shared spectrum channel access, intra-slot frequency hopping and inter-slot frequency hopping are not applicable.

*** Unchanged text omitted ***
-----------------------------------------------------TP1b on TS 38.214-----------------------------------------------------

TP1c for SRS
-----------------------------------------------------TP1c on TS 38.214-----------------------------------------------------

6.2.1.1	UE SRS frequency hopping procedure








For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1) when operation without shared spectrum access, according to the SRS hopping parameters , and defined in Clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2) when operation without shared spectrum access, each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters , and .
-----------------------------------------------------TP1c on TS 38.214-----------------------------------------------------

TP2 for Alt. 2
TP2a for PUCCH
-----------------------------------------------------TP2a on TS 38.214-----------------------------------------------------
9.2.1	PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. 
The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset , and a cyclic shift index set for a PUCCH transmission. 
The UE transmits a PUCCH using frequency hopping when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping.
*** Unchanged text omitted ***
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
If a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon when operation with shared spectrum access where the number of RB set in the carrier is larger than one
-	the UE determines for the PRB index of the PUCCH transmission as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-  	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
*** Unchanged text omitted ***
A PUCCH resource includes the following parameters:
-	a PUCCH resource index provided by pucch-ResourceId
-	an index of the first PRB prior to frequency hopping or for no frequency hopping by startingPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of the first PRB after frequency hopping by secondHopPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an indication for intra-slot frequency hopping by intraSlotFrequencyHopping, when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one
-	an index of a first interlace by interlace0, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	if provided, an index of a second interlace by interlace1, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of an RB set by rb-SetIndex, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-		a configuration for a PUCCH format provided by format
*** Unchanged text omitted ***
9.2.6	PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the UE does not expect the PUCCH-config to include nrofSlots.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot
-----------------------------------------------------TP2a on TS 38.214-----------------------------------------------------
TP2b for PUSCH
-----------------------------------------------------TP2b on TS 38.213-----------------------------------------------------
8.3 PUSCH scheduled by RAR UL grant

An active UL BWP, as described in clause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant is indicated by higher layers. 
If useInterlacePUCCH-PUSCH is not provided by BWP-UplinkCommon and BWP-UplinkDedicated, for determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP
The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP size of  RBs, a UE processes the frequency domain resource assignment field as follows
-	if , or for operation with shared spectrum channel access if 
-	truncate the frequency domain resource assignment field to its  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
-	else
-	insert  most significant bits, or for operation with shared spectrum channel access insert  most significant bits, with value set to '0' after the  bits to the frequency domain resource assignment field, where   if the frequency hopping flag is set to '0' and  is provided in Table 8.3-1 if the hopping flag bit is set to '1' when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one or , and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
-	end if
*** Unchanged text omitted ***
-----------------------------------------------------TP2b on TS 38.213-----------------------------------------------------







-----------------------------------------------------TP2b on TS 38.214-----------------------------------------------------

6.3	UE PUSCH frequency hopping procedure

6.3.1	Frequency hopping for PUSCH repetition Type A

For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
For operation with shared spectrum channel access where the number of RB set in the carrier is larger than one, intra-slot frequency hopping and inter-slot frequency hopping are not applicable.

*** Unchanged text omitted ***
-----------------------------------------------------TP2b on TS 38.214-----------------------------------------------------

TP2c for SRS
-----------------------------------------------------TP1c on TS 38.214-----------------------------------------------------

6.2.1.1	UE SRS frequency hopping procedure








For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1) when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one, according to the SRS hopping parameters , and defined in Clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2) when operation without shared spectrum access or with shared spectrum access where the number of RB set in the carrier is one, each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters , and .
-----------------------------------------------------TP1c on TS 38.214-----------------------------------------------------

TP3 for Alt. 3
TP3a for PUCCH
-----------------------------------------------------TP3a on TS 38.214-----------------------------------------------------
9.2.1	PUCCH Resource Sets
*** Unchanged text omitted ***
A PUCCH resource includes the following parameters:
-	a PUCCH resource index provided by pucch-ResourceId
-	an index of the first PRB prior to frequency hopping or for no frequency hopping by startingPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of the first PRB after frequency hopping by secondHopPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an indication for intra-slot frequency hopping by intraSlotFrequencyHopping, when operation without shared spectrum access or with shared spectrum access where the number of RB set in the active UL BWP is one
-	an index of a first interlace by interlace0, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	if provided, an index of a second interlace by interlace1, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of an RB set by rb-SetIndex, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-		a configuration for a PUCCH format provided by format
*** Unchanged text omitted ***
9.2.6	PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the UE does not expect the PUCCH-config to include nrofSlots.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots when operation without shared spectrum access or with shared spectrum access where the number of RB set in the UL BWP is one
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot
-----------------------------------------------------TP3a on TS 38.214-----------------------------------------------------
TP3b for PUSCH
-----------------------------------------------------TP2b on TS 38.213-----------------------------------------------------
8.3 PUSCH scheduled by RAR UL grant

An active UL BWP, as described in clause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant is indicated by higher layers. 
If useInterlacePUCCH-PUSCH is not provided by BWP-UplinkCommon and BWP-UplinkDedicated, for determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP
The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP size of  RBs, a UE processes the frequency domain resource assignment field as follows
-	if , or for operation with shared spectrum channel access if 
-	truncate the frequency domain resource assignment field to its  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
-	else
-	insert  most significant bits, or for operation with shared spectrum channel access insert  most significant bits, with value set to '0' after the  bits to the frequency domain resource assignment field, where   if the frequency hopping flag is set to '0' and  is provided in Table 8.3-1 if the hopping flag bit is set to '1' when operation without shared spectrum access or with shared spectrum access where the number of RB set in the UL BWP is one or , and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
-	end if
*** Unchanged text omitted ***
-----------------------------------------------------TP2b on TS 38.213-----------------------------------------------------


-----------------------------------------------------TP2b on TS 38.214-----------------------------------------------------

6.3	UE PUSCH frequency hopping procedure

6.3.1	Frequency hopping for PUSCH repetition Type A

For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
For operation with shared spectrum channel access where the number of RB set in the UL BWP is larger than one, intra-slot frequency hopping and inter-slot frequency hopping are not applicable.

*** Unchanged text omitted ***
-----------------------------------------------------TP2b on TS 38.214-----------------------------------------------------

TP3c for SRS
-----------------------------------------------------TP1c on TS 38.214-----------------------------------------------------

6.2.1.1	UE SRS frequency hopping procedure








For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1) when operation without shared spectrum access or with shared spectrum access where the number of RB set in the UL BWP is one, according to the SRS hopping parameters , and defined in Clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2) when operation without shared spectrum access or with shared spectrum access where the number of RB set in the UL BWP is one, each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters , and .
-----------------------------------------------------TP1c on TS 38.214-----------------------------------------------------
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