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1	Introduction
According to the Rel-17 work item description on support of reduced capability NR devices ‎[1], the objective on reduced maximum UE bandwidths is as follows:
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.



The agreements from RAN1#106bis-e are as follows ‎[2]:
	Agreement:
Confirm the working assumption:
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled at least via SIB.

Agreement:
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases

Working Assumption:
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included

Agreement:
· Send an LS to RAN2 and RAN4 to ask about using NCD-SSB instead of CD-SSB for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB.
· Draft the LS until Tuesday 19th October.
· Indicate in the LS that a response is needed before RAN1#107-e.
· Indicate in the LS both option 1 and option 2

Agreement:
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Agreement:
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.
 



Moreover, in RAN1#107-e the following agreements were reached ‎[2]:
	Agreement:
· In Rel-17, up to 1 separate initial UL BWP for RedCap can be configured.

Agreement:
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement:
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB

Agreement:
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB

Agreement:
· Send an LS to RAN2 and RAN4 to inform them about relevent RAN1 agreement on FR1 and corresponding agreement on FR2, as well as the working assumption, and ask them whether the working assumption reasonable or not:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· Indicate in the LS that RAN1 does not expect any further RAN1 specification impact from the above working assumption.
· Also include the following RAN1 agreement in the LS as background information:
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement:
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.
· RedCap and non-RedCap can be configured with the same or different PUCCH resource set indices (see TS 38.213 Table 9.2.1-1).

Agreement:
· For a separate initial DL BWP for RedCap UEs,
· The supported bandwidths for the separate initial DL BWP for RedCap UEs can have any values up to the maximum UE bandwidth (as in legacy operation).
 



According to the RedCap status report ‎[3],the following remaining details pertaining to reduced UE bandwidth are expected to be addressed during CR/maintenance phase in Q1 2022:
	· Clarification of UE behavior when separate initial DL BWP is not configured
· Presence of SSB transmission in separate initial DL BWP in connected mode for BWP#0 configuration option 1
· Remaining details of common PUCCH resource determination
· If needed, address RAN2/RAN4 feedback on RAN1 working assumptions on DL BWP operation (see R1-2112802)



In this contribution, we address the above remaining details of reduced UE bandwidth (BW) for RedCap.
2	Separate initial DL BWP for RedCap 
One of the FFSs identified in RAN1#106-bis-e is whether the separate RedCap initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. Clearly, when the non-RedCap initial DL BWP is wider than the maximum RedCap UE bandwidth, it is not possible to share the initial DL BWP between RedCap and non-RedCap UEs. Consequently, locationAndbandwidth IE for non-RedCap initial BWP will be ignored by the RedCap UEs. In this case, there are two options for RedCap: 
1) A separate initial DL BWP is configured for RedCap.
In this case, a separate initial DL BWP is always configured for RedCap when the non-RedCap initial DL BWP is wider than the RedCap maximum bandwidth. This option is a straightforward solution, follows legacy behavior that an initial BWP is always configured, and it has a minimum specification impact.
2) RedCap uses the MIB-configured CORESET #0 as its initial DL BWP.
In TDD, in scenarios where the non-RedCap initial DL BWP has a similar size as non-RedCap initial UL BWP, it is possible to place the MIB-configured CORESET #0 near the carrier edge. In this case, one option is to allow RedCap UEs to use the MIB-configured CORESET #0 as its initial DL BWP without the need for configuring a separate SIB-configured initial DL BWP. Although this solution is beneficial from reduced signaling overhead perspective, it requires defining a new behavior for RedCap and consequently specification changes.
Based on the above discussion, we have the following proposal:
[bookmark: _Toc95734012]A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.

3	SSB presence for BWP#0 configuration option 1 in connected mode
In principle, an initial DL BWP can also be used in connected mode. However, for BWP#0 configuration option 1, the initial DL BWP has a limited functionality as it does not have UE-specific configurations. Hence, UE typically switches to a non-initial RRC-configured DL BWP after initial access. Meanwhile, the initial BWP can act as a default BWP which can be used for the purpose of power saving after the initial access. However, for RedCap UEs the use of initial DL BWP in connected mode for power saving purposes is quite limited. This is because the RedCap initial DL BWP is almost as large as UE BW (e.g., 20 MHz in FR1), and thus the power saving gain by switching to the DL initial BWP is small. For non-RedCap UEs with a large BW (e.g., 100 MHz), there is more motivation to switch to a significantly smaller initial DL BWP for power saving.  
[bookmark: _Toc95733034]For BWP#0 configuration option 1, the use of initial DL BWP in connected mode is quite limited from both functionality and power saving perspectives.

After initial access, the use of initial BWP is not very likely for BWP#0 configuration option 1, as the UE typically operates on a non-initial BWP (e.g., BWP#1). However, after initial access, it is still possible that a UE in connected mode switches back to the initial BWP for random access purposes. Note that in connected mode, random access procedure can be initiated by a PDCCH order from the gNB, for example for uplink re-synchronization (i.e., when the status of UL synchronization status is non-synchronized). In this case, if RACH occasions are not configured for the active UL BWP, it is switched to the initial UL BWP and potentially its corresponding initial DL BWP in TDD. 
[bookmark: _Toc95733035]In connected mode, it is possible that a UE switches back to the initial BWPs for random access purposes when RACH occasions are not configured for the active UL BWP of the serving cell.

Regarding SSB transmissions, in RAN1#107-e the following agreements were reached (also similar agreements for FR2):
	· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.



Moreover, RAN2 did not agree to configure NCD-SSB in an initial BWP for RedCap, and only in RRC connected mode NCD-SSB may be configured for a RedCap UE in dedicated DL BWP. Therefore, the UE may not expect to have an SSB in the initial BWP for RedCap even when it is used in connected mode. In this case, the UE can rely on the RF-retuning to monitor CD-SSB.
[bookmark: _Toc95733036]For BWP#0 configuration option 1, in connected mode, if the separate initial DL BWP is used for random access, the UE does not expect it to always contain an SSB.

4	PUCCH resource determination
From RAN1#107-e, we have the following agreement regarding RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB):
	Agreement: 
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.
· RedCap and non-RedCap can be configured with the same or different PUCCH resource set indices (see TS 38.213 Table 9.2.1-1).



In addition, the latest proposal provided in FL8 from RAN1#107-e is copied below:
	High Priority Proposal 8-1g:
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· It is configurable via SIB whether all 16 PUCCH resources are mapped to one side of the RedCap UE BWP center frequency or 8 are mapped to one side and the other 8 to the other side.
· If all 16 PUCCH resources are mapped to one side, it is SIB-configurable which side.
· The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an additional PRB offset with 4 candidate values.
· One of the candidate values is zero.



The frequency domain resource allocation for PUCCH before dedicated signaling with enabled PUCCH FH (i.e., two hops) is described in TS 38.213 (Section 9.2.1 PUCCH resource sets). This description needs to be updated for RedCap with the option of disabled PUCCH FH where only one frequency hop can be used. In addition, it needs to be specified which frequency hop (PRB) is used for PUCCH transmissions when the FH is disabled. In general, it is desired to have the PUCCH transmissions at the carrier edge to prevent the PUSCH resource fragmentation. Therefore, it is desired to use the PUCCH hop located at the carrier edge and disable the one which is in the middle of the carrier.  

The related part of NR specifications (TS 38.213, Section 9.2.1 PUCCH resource sets) for determining the PUCCH resources sets which can be used for PUCCH transmissions is provided below:

	[bookmark: _Ref498101660][bookmark: _Toc12021476]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. An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant as described in Subclause 8.3. 
If a UE is not provided pdsch-HARQ-ACK-Codebook, the UE generates at most one HARQ-ACK information bit. 
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index ,  , as , where  is a number of CCEs in a CORESET of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
If 
-	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 
-	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 
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}






As an example, for PUCCH resource set with index 0 in the above table, 16 PUCCH resources and PRB indices for  are given below:
Table 1: PRB indices and initial cyclic shifts for different  values (PUCCH resource index 0 and ).
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	First hop PRB
	0
	0
	1
	1
	2
	2
	3
	3
	99
	99
	98
	98
	97
	97
	96
	96

	Second hop PRB
	99
	99
	98
	98
	97
	97
	96
	96
	0
	0
	1
	1
	2
	2
	3
	3

	Initial cyclic shift
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3

	Total number of allocated PRBs
	8 (where 4 PRBs are on each edge of UL BWP)



In our view, to have a minimum specification changes the existing equations for PRB index determination can be reused as much as possible. Also, since the purpose of disabling the PUCCH frequency hopping is to avoid UL resource fragmentation when a separate initial UL BWP is configured for RedCap, the PUCCH resources should be mapped to one edge of the initial UL BWP. In particular, it is desired to use the PUCCH hop located at the carrier edge and disable the one which is in the middle of the carrier. Hence, the PUCCH resources must be mapped to the one edge and the edge can be configured by gNB based on the scenario (e.g., the location of the RedCap UL BWP with respect to non-RedCap UL BWP/carrier). In case both edges of the initial UL BWP can be used for RedCap PUCCH transmissions, the network can enable the PUCCH FH and the RedCap PUCCH resources are determined in the same way as for non-RedCap UEs. 

[image: ]
Figure 1: Disabling the PUCCH FH for RedCap based on the position of the BWP.

[bookmark: _Toc95734013]When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is disabled, PUCCH resources are mapped to one side of the RedCap UL BWP which is configurable by the network.
[bookmark: _Toc95734014]In case both edges of the initial UL BWP can be used for RedCap PUCCH transmissions, the network can enable the PUCCH FH and the RedCap PUCCH resources are determined using the existing equations (TS 38.213, Section 9.2.1) as used for non-RedCap UEs.

Before a dedicated RRC connection, the PUCCH configuration is provided in PUCCH-ConfigCommon which is part of is part of BWP-UplinkCommon configuration. The information element PUCCH-ConfigCommon is used to configure the cell specific PUCCH parameters. Within PUCCH-ConfigCommon, pucch-ResourceCommon is an entry into a 16-row table (in TS 38.213 Table 9.2.1-1) where each row configures a set of cell-specific PUCCH resources/parameters. Each cell-specific PUCCH resource is associated with a set of 16 UE-specific PUCCH resources. This allows simultaneously multiplexing of 16 UEs where each UE uses a PUCCH resource with index ,  . Note that with enabled PUCCH FH, each value determines indices of two PRBs each located at one edge of the UL BWP and is associated with half of the PUCCH symbols. 
When the PUCCH FH is disabled for RedCap, two cases can be considered: 1) 8 different PUCCH resources are mapped to one edge of the initial UL BWP and the edge is configurable by the network, and 2) 16 different PUCCH resources are mapped to one edge of the initial UL BWP and the edge is configurable by the network.

Case 1: 8 different PUCCH resources are mapped to one edge of the initial UL BWP and the edge is configurable by the network.
This case has the minimum specification impact and the RedCap PUCCH resources are determined using a subset of the existing equations for non-RedCap UEs. Moreover, this case has the minimum impact on non-RedCap UEs as it does not require using additional resources for PUCCH transmissions. However, each cell-specific PUCCH resource supports simultaneously multiplexing of 8 UEs and  ranges from 0 to 7 (). In this case, depending on the desired edge of the UL BWP for RedCap PUCCH resources, the following equations can be considered for PRB index determination:
· Lower edge of UL BWP (PRBs with lower indices):
· For , the UE determines the PRB index of the PUCCH transmission as , which is located at the lower edge of the RedCap UL BWP.  The UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as .

· Higher edge of UL BWP (PRBs with higher indices):
· For , the UE determines the PRB index of the PUCCH transmission as , which is located at the higher edge of the RedCap UL BWP.  The UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as .
Here,  is the size of RedCap UL BWP, and   is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes.
Since with the above equations only PRBs in one edge of the UL BWP are used, 8 RedCap UEs can be simultaneously multiplexed for PUCCH transmissions.  As an example, for PUCCH resource set with index 0 in the above table, 8 different PUCCH resources and PRB indices for  are given below:

Table 2: PRB indices and initial cyclic shifts for different  values (PUCCH resource index 0 and ) and 8 different PUCCH resources are mapped to one edge of UL BWP (low edge in this example).
	
	0
	1
	2
	3
	4
	5
	6
	7

	PRB indices on low edge 
	0
	0
	1
	1
	2
	2
	3
	3

	Initial cyclic shift
	0
	3
	0
	3
	0
	3
	0
	3

	Total number of allocated PRBs
	4 (one edge is selected)



Case 2: 16 different PUCCH resources are mapped to one edge of the initial UL BWP and the edge is configurable by the network.
In this case, each cell-specific PUCCH resource supports simultaneously multiplexing of 16 UEs and  ranges from 0 to 15 (). However, specification changes will be needed to support having all 16 PUCCH resources on one edge of the UL BWP. Depending on the desired edge of the UL BWP for RedCap PUCCH resources, the following equations can be considered for PRB index determination:
· Lower edge of UL BWP (PRBs with lower indices):
· For , the UE determines the PRB index of the PUCCH transmission as , which is located at the lower edge of the RedCap UL BWP.  The UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as .

· Higher edge of UL BWP (PRBs with higher indices):
· For , the UE determines the PRB index of the PUCCH transmission as , which is located at the higher edge of the RedCap UL BWP.  The UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as .

As an example, for PUCCH resource set with index 0 in the above table, 16 different PUCCH resources and PRB indices for  are given below:
Table 3: PRB indices and initial cyclic shifts for different  values (PUCCH resource index 0 and ) with 16 different PUCCH resources being mapped to one edge of UL BWP (low edge in this example).
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PRB indices on low edge 
	0
	0
	1
	1
	2
	2
	3
	3
	4
	4
	5
	5
	6
	6
	7
	7

	Initial cyclic shift
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3
	0
	3

	Total number of allocated PRBs
	8 (one edge is selected)


Two options can be considered for the maximum number of PUCCH resources: 8 PUCCH resources or 16 PUCCH resources on one edge the RedCap initial UL BWP. Moreover, having an additional offset in the PUCCH resource table is beneficial in terms of flexibility and, if needed, preventing overlap between RedCap and non-RedCap PUCCH resources.
Based on the above analysis, we have the following proposal:

[bookmark: _Toc95734015]When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· [bookmark: _Toc95734016]The maximum number of PUCCH resources can be 8 or 16, which are mapped to one side of the RedCap UE BWP center frequency. The desired side of UL BWP is configurable in SIB.
· [bookmark: _Toc95734017]The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an additional PRB offset with 4 candidate values.
· [bookmark: _Toc95734018]One of the candidate values is zero.

[bookmark: _Toc95726085][bookmark: _Toc95734019][bookmark: _Hlk95733918]For PUCCH resources mapped to one edge of UL BWP, the PRB index of the PUCCH transmission is determined using the following equations:
· [bookmark: _Toc95726086][bookmark: _Toc95734020]If lower edge of UL BWP is desired: the UE determines the PRB index of the PUCCH transmission as .
· [bookmark: _Toc95726087][bookmark: _Toc95734021]If higher edge of UL BWP is desired: the UE determines the PRB index of the PUCCH transmission as .
· [bookmark: _Toc95726088][bookmark: _Toc95734022]For case of 8 PUCCH resources: .
· [bookmark: _Toc95726089][bookmark: _Toc95734023]For case of 16 PUCCH resources: .

The case of 16 PUCCH resources provides higher a PUCCH capacity compared to the case with 8 PUCCH resources. Therefore, it is desired to have the option of configuring the maximum 16 PUCCH resources. Meanwhile, in low traffic scenarios the network can allocate less than 16 PUCCH resources. 
[bookmark: _Toc95726090][bookmark: _Toc95734024]Support the case with the maximum 16 PUCCH resources.
5	Use of NCD-SSB or CSI-RS in DL BWPs for RedCap UE
Regarding use of NCD-SSB in idle mode operation, RAN#94-e endorsed the following proposals in ‎[4]:
· Scheme 1 (i.e., UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17.
Moreover, RAN 2 and RAN 4 provided feedbacks on the LS on the use of NCD-SSB or CSI-RS in DL BWPs for RedCap UEs.
Feedback from RAN2:
	· RAN2 agreed that “A RedCap UE in idle/inactive mode monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB.” Therefore, using an NCD-SSB for such purposes is not considered further.
· The use of CSI-RS for cell/beam RLM and measurements is supported from RAN2 signalling standpoint as indicated earlier. RAN4 has informed RAN2 and RAN1 that CSI-RS cannot be used as a standalone mechanism for RRM measurements and existing requirements rely on the presence of SSB signals, in their reply LS provided in R4-2120327. RAN2 does not intend to introduce a new mechanism that would enable a RedCap UE to perform CSI-RS based RRM measurements and think that it is up to RAN4 to decide whether RAN1 working assumption regarding the use of CSI-RS in connected mode is acceptable based on the information provided above.
· From RAN2 perspective, if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission.



Feedback from RAN4:
	1) The following working assumption is feasible from RAN4 perspective:  “If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective”.

2) For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0): 
· A RedCap UE that supports FG 6-1a but NOT support CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support SSB based L3 measurement, but cannot support CSI-RS based L3 measurement.
· A RedCap UE that supports FG 6-1a and CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support both SSB based L3 measurement and CSI-RS based L3 measurement with associated SSB.
· RAN4 will not define CSI-RS L3 based measurement requirements for Redcap 1RX UE in Rel-17.
· For serving cell timing related requirements, RAN4 will not define requirements based on CSI-RS in Rel-17. 

3) It is RAN4 assumption that NCD-SSB is ‘QCL’-ed with CD-SSB when the NCD-SSB and CD-SSB shares the same SSB index.



Based on the above feedback, RAN1 can update the agreements made in RAN1#107-e regarding the use of NCD-SSB and CSI-RS instead of CD-SSB. In particular, in Rel-17 RedCap UE in idle/inactive mode monitors paging only in an initial BWP associated with CD-SSB. Also, in the connected mode, CSI-RS is not used as a standalone mechanism for RRM measurements in Rel-17. Therefore, we propose to have the following updates.
[bookmark: _Toc95734025]Update the RAN1#107-e agreements regarding the use of NCD-SSB and CSI-RS instead of CD-SSB as follows:
	For a separate initial DL BWP (if it does not include CD-SSB and for FR1 the entire CORESET#0) from RAN1 perspective, 
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective

· Note: In Rel-17, a RedCap UE in idle/inactive mode monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB.



	For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and for FR1 the entire CORESET#0) from RAN1 perspective, 
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Not need NCD-SSB: In Rel-17, a RedCap UE can in addition optionally support relevant operation based on FG 6-1a or both FG 6-1a and CSI-RS by reporting optional capabilities.
· Note: RAN4 will not define new or revise existing requirements based on CSI-RS in Rel-17.




6	Conclusion
In the previous sections we made the following observations: 
Observation 1	For BWP#0 configuration option 1, the use of initial DL BWP in connected mode is quite limited from both functionality and power saving perspectives.
Observation 2	In connected mode, it is possible that a UE switches back to the initial BWPs for random access purposes when RACH occasions are not configured for the active UL BWP of the serving cell.
Observation 3	For BWP#0 configuration option 1, in connected mode, if the separate initial DL BWP is used for random access, the UE does not expect it to always contain an SSB.
Based on the discussion in the previous sections we propose the following:
Proposal 1	A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Proposal 2	When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is disabled, PUCCH resources are mapped to one side of the RedCap UL BWP which is configurable by the network.
Proposal 3	In case both edges of the initial UL BWP can be used for RedCap PUCCH transmissions, the network can enable the PUCCH FH and the RedCap PUCCH resources are determined using the existing equations (TS 38.213, Section 9.2.1) as used for non-RedCap UEs.
Proposal 4	When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
	The maximum number of PUCCH resources can be 8 or 16, which are mapped to one side of the RedCap UE BWP center frequency. The desired side of UL BWP is configurable in SIB.
	The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an additional PRB offset with 4 candidate values.
	One of the candidate values is zero.
Proposal 5	For PUCCH resources mapped to one edge of UL BWP, the PRB index of the PUCCH transmission is determined using the following equations:
· If lower edge of UL BWP is desired: the UE determines the PRB index of the PUCCH transmission as .
· If higher edge of UL BWP is desired: the UE determines the PRB index of the PUCCH transmission as .
· For case of 8 PUCCH resources: .
· For case of 16 PUCCH resources: .
Proposal 6	Support the case with the maximum 16 PUCCH resources.
Proposal 7	Update the RAN1#107-e agreements regarding the use of NCD-SSB and CSI-RS instead of CD-SSB as follows:
	For a separate initial DL BWP (if it does not include CD-SSB and for FR1 the entire CORESET#0) from RAN1 perspective, 
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective

· Note: In Rel-17, a RedCap UE in idle/inactive mode monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB.



	For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and for FR1 the entire CORESET#0) from RAN1 perspective, 
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Not need NCD-SSB: In Rel-17, a RedCap UE can in addition optionally support relevant operation based on FG 6-1a or both FG 6-1a and CSI-RS by reporting optional capabilities.
· Note: RAN4 will not define new or revise existing requirements based on CSI-RS in Rel-17.
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