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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The latest WID after RAN#92-e can be found in [2], in which 20 MHz and 100 MHz are supported as the maximum bandwidth of FR1 and FR2 RedCap UE during and after initial access, respectively. It was also the common understanding that no optimization on BWP operation is pursued in FR2, even though the RedCap UE may not be able to receive SSB and CORESET#0 simultaneously with certain Type0-PDCCH CSS patterns.
During RAN1#107-e meeting, essential agreements were reached on the bandwidth related aspects for RedCap UE [3]. But several issues remain open. In this contribution, we provide our views on these open issues for maximum UE bandwidth reduction for RedCap.

Discussion
[bookmark: _Ref52270350][bookmark: _Ref83228196]Initial DL BWP for RedCap UE
Default initial DL BWP
During RAN1#107-e, it has been discussed whether to define a default initial DL BWP for RedCap UE, if separate SIB-configured initial DL BWP for RedCap UE is not configured, while the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. The following FL proposal is proposed but not agreed due to the limited online time [5].
	High Priority Proposal 3-2f:
· If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
· This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
· Signaling details are up to RAN2.


Generally, reusing the MIB-configured CORESET#0 as the default initial DL BWP for RedCap UE is a reasonable choice. MIB-configured CORESET#0 is typically used for important cell-level DCI transmission, and will never be larger than the maximum bandwidth of RedCap UE. Also, at least for FR1, it always contains CD-SSB within its bandwidth, which satisfies the basic capability of RedCap UE. This provides higher flexibility to the network. If the traffic load is light, and the payload of SIB1 is heavy, the network can reuse MIB-configured CORESET#0 to serve as the initial DL BWP of RedCap UE without additional overhead in SIB1.
Hence, we have the following proposal.
Proposal 1: If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
For the case that MIB-configured CORESET#0 is reused as the initial DL BWP after random access, an issue arises that whether the center frequency of the MIB-configured CORESET#0 shall be aligned with the (separate) initial UL BWP for RedCap UE in unpaired spectrum. Generally, two alternatives are considered:
· Alt 1: The center frequency of MIB-configured CORESET#0 must align with that of the (separate) initial UL BWP for RedCap UE.
· Alt 2: The center frequency of MIB-configured CORESET#0 does not need to align with that of the (separate) initial UL BWP for RedCap UE. However, the MIB-configured CORESET#0 and (separate) initial UL BWP do not span a larger bandwidth together than the maximum RedCap UE bandwidth.
The following figure illustrates the difference between Alt 1 and Alt 2.
[image: ]
Figure 1 Comparison between Alt 1 and Alt 2.
From view of UE, both Alt 1 and Alt 2 can avoid RF retuning between the DL and UL BWP in unpaired spectrum. For Alt 1, the RedCap UE can just easily camp on the center frequency of CORESET#0 (or initial UL BWP). For Alt 2, the RedCap UE is also able to find a suitable frequency to camp on. The following equation gives an example on the calculation of suitable camping frequency , where , ,  and  denotes the low frequency edge of CORESET#0, low frequency edge of the initial UL BWP, high frequency edge of CORESET#0, high frequency edge of the initial UL BWP, respectively.

From view of network, Alt 1 strictly restricts the frequency location of the initial UL BWP for RedCap, while Alt 2 can leave some flexibility for the network to adjust the exact location. Such flexibility is useful for co-existence. For instance, the network may fine-tune the location of separate initial UL BWP to align its edge with that of legacy initial UL BWP. 
Based on the analysis above, we prefer Alt 2 on this issue.
Proposal 2: For TDD, when MIB-configured CORESET#0 is reused as the default initial DL BWP after RACH, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
· This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.

SSB in separate initial DL BWP
In RAN1#107-e, the following agreement was reached on the operation of separate initial DL BWP [3]. A mirror agreement for FR2 was also reached but not listed here for the sake of conciseness.
	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 (except for standalone use for RRM measurement) 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


After that, the following agreement was reached in RAN#94-e [4]. 
	Agreements 
1. 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. 
2. RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states. 


In RAN2#116bis-e, the following agreements were achieved [6]. The part that highly related to the use of CD-SSB and NCD-SSB are highlighted in cyan.
	Agreements:
1.	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
2.	If a RedCap-specific initial UL BWP is configured for RACH, RedCap UEs shall use only the RedCap-specific initial UL BWP to perform RACH.

	Agreements via email - from offline 106:
1.	If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, measurements are based on CD-SSB for initial RACH resource selection.
2.	If a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH, PDCCH-ConfigCommon of the separate initial DL BWP includes common search space configuration for RAR.
3.	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. 
4.	RedCap-specific two-step RACH, if configured, and four-step RACH are always configured in the same BWP.
5.	In RRC connected mode NCD-SSB may be configured for a RedCap UE in dedicated DL BWP.
6.	For connected mode operation NCD-SSB has the same properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) as the corresponding CD-SSB. FFS if an additional property needs to be specified.
7.	For connected mode operation if NCD-SSB is configured in a dedicated DL BWP, RedCap UE assumes that “SSB” in QCL-Info IE and “ssb-Index” in RadioLinkMonitoringRS IE refer to the beam with the same index in the NCD-SSB configured in that BWP.
8.	For connected mode operation if NCD-SSB is configured in a dedicated DL BWP whose paired UL BWP is configured with RACH-ConfigDedicated, RACH-ConfigCommon or BeamFailureRecovery Config, SSB in that RACH configuration (e.g., in CFRA-SSB-Resource IE or in PRACH-ResourceDedicatedBFR IE) refers to the NCD-SSB configured in that DL BWP.

	Agreements:
1.	The network may provide absoluteFrequencySSB and ssb-periodicity explicitly for NCD-SSB, i.e., other properties such as PCI, ssb-PBCH-BlockPower, ssb-PositionsInBurst are configured with the same values from serving cell's CD-SSB. FFS for the time offset (feedback from RAN1 might also be received)
2.	Send a reply LS to RAN1 (cc: RAN4) indicating that "The use of CSI-RS for cell/beam RLM and measurements is supported from RAN2 signaling 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. 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."
3.	Send a LS to RAN4 (Cc: RAN1) to inform that "it is up to UE implementation to perform new RSRP measurement in a DL BWP associated with CD-SSB before Msg1/A retransmission if a RedCap UE in idle/inactive mode is configured with a separate initial BWP associated with no SSB (CD or NCD) for RACH." and ask them to check if they need to do anything in their specs.
Working Assumption: 
1.	The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB


Per guidance of RAN Plenary, NCD-SSB cannot be used for paging of UEs in RRC_IDLE or RRC_INACTIVE mode. RAN2 also agreed that the RedCap UE 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. Consequently, the RAN1 WA cannot be confirmed. 
Observation 1: RAN1 agreement on the use of NCD-SSB for paging cannot be confirmed.
This leads to the result that, for RedCap UE in RRC_IDLE or RRC_INACTIVE mode:
· If the separate initial DL BWP contains CD-SSB, it can be configured for paging.
· If the separate initial DL BWP does NOT contain CD-SSB, it can NOT be configured for paging, no matter NCD-SSB is transmitted or not. The RedCap UE shall continue using the CD-SSB (and CORESET#0) to monitor paging.
One remaining issue is whether RedCap UE in RRC_CONNECTED mode can monitor paging without CD-SSB. In our opinion, it is unnecessary to make such exception, since:
· This is not the typical use case for paging. A UE in RRC_CONNECTED mode receives paging message mainly for change of system information or emergency call (ETWS or CMAS), which are rarely used. 
· Even for notifying system information change or emergency call, dedicated signaling can be used instead of paging message for a UE in RRC_CONNECTED mode.
Thus, we prefer a unified solution for paging in Rel-17, regardless of RRC mode.
Proposal 3: For a separate initial DL BWP,
· If it contains CD-SSB, it can be configured for paging;
· If it does not contain CD-SSB, it cannot be configured for paging. The RedCap UE shall continue using the CD-SSB (and CORESET#0) to monitor paging.

BWP#0 configuration option 1
In RAN1#107-e, RAN1 discussed whether a RedCap UE can expect SSB in the separate initial DL BWP with BWP#0 configuration option 1, a.k.a. whether the gNB must guarantee SSB transmission in the separate initial DL BWP with BWP#0 configuration option 1. The following FL question and FL proposal are made, but end up with no consensus [5].
	High Priority Question 5-3c: Should the UE be able to expect SSB transmission in a non-RRC-configured active DL BWP when it is used in connected mode?
High Priority Proposal 5-3d:
For BWP#0 configuration option 1, a RedCap UE in connected mode can expect SSB transmission in a separate initial DL BWP configured for paging (if supported).


In TS 38.331 [7], BWP#0 configuration option 1 is defined as follows:
	With the first option (illustrated by figure B2-1 below), the BWP#0 is not considered to be an RRC-configured BWP, i.e. UE only supporting one BWP can still be configured with BWP#1 in addition to BWP#0 when using this configuration. The BWP#0 can still be used even if it does not have the dedicated configuration, albeit in a more limited manner since only the SIB1-defined configurations are available. For example, only DCI format 1_0 can be used with BWP#0 without dedicated configuration, so changing to another BWP requires RRCReconfiguration since DCI format 1_0 doesn't support DCI-based switching.


Figure B2-1: BWP#0 configuration without dedicated configuration


As highlighted above, the use case of initial DL BWP with BWP#0 configuration option 1 is very limited. Without RRC-dedicated configuration, the UE can only apply predefined configuration or SIB1 configuration for the initial DL BWP. Such initial DL BWP cannot enable useful features for RedCap UE, e.g. power saving features.
Typically, when separate initial DL BWP is configured and does not contain SSB and entire CORESET#0, and if BWP#0 configuration option 1 is applied, it is more reasonable to assume the RedCap UE will be configured to work in another RRC-configured BWP. For instance, the gNB should preferably configure BWP#1 as the default BWP. This makes any (NCD-) SSB transmission in the separate initial DL BWP useless, just to cause unnecessary burden to the network. On one hand, per guidance of RAN Plenary and RAN2, if the separate initial DL BWP does not contain CD-SSB and entire CORESET#0, it cannot be used for paging, either. On the other hand, NCD-SSB is configured by dedicated RRC signaling, rather than broadcasted in SIB1. Now that RAN2 is not planning to support NCD-SSB in RRC_IDLE mode in Rel-17, if a RedCap UE can expect NCD-SSB in this case, it seems contradicted to the definition of BWP#0 configuration option 1. Therefore, we do not see the necessity to mandate SSB in the separate initial DL BWP with BWP#0 configuration option 1.
Proposal 4: For BWP#0 configuration option 1, if the separate initial DL BWP does not contain CD-SSB and entire CORESET#0, a RedCap UE in connected mode does not expect NCD-SSB transmission in the separate initial DL BWP.

[bookmark: _Ref71376890]Initial UL BWP for RedCap UE
In RAN1#107-e, RAN1 group reached the following agreements on initial UL BWP for RedCap [3]:
	Agreement:
· In Rel-17, up to 1 separate initial UL BWP for RedCap can be configured.
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) from edge 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).


One open issue is whether the gNB can still configure the RedCap to transmit PUCCH at two sides of the separate initial UL BWP, when frequency hopping of PUCCH is deactivated. We do not see strong need to pursue configuring 2-sides PUCCH without FH, since:
· From network’s perspective, the purpose of disabling FH for PUCCH is to alleviate the resource fragmentation, which shall be combined with single side transmission. If 2-sides PUCCH without FH is allowed, it still leads to resource fragmentation in either upper edge or lower edge.
· From UE’s perspective, performance of FH PUCCH is better than non-FH PUCCH, due to frequency diversity gain. Thus, if the network does not care resource fragmentation and allows PUCCH transmission in both sides of separate initial UL BWP, it is more reasonable to enable FH in this case.
Observation 2: No strong motivation is identified for mapping non-FH PUCCH to both sides of separate initial UL BWP.  
With the above analysis, we have the following proposal.
Proposal 5: For PUCCH transmission in separate initial UL BWP for RedCap UE, the gNB can:
· Enable frequency hopping for PUCCH, or
· Disable frequency hopping for PUCCH, and configure only one side of the RedCap UL BWP to be mapped to, including SIB-configurable offset.
Currently, the resource calculation of FH PUCCH transmission in initial UL BWP is recited in TS 38.213 [8]:
	If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	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 and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	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: ]
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 we agree to use the existing equations for determining the PRB index of the PUCCH transmission as a starting point, we should reuse the current determination of parameters as much as possible. When frequency hopping is disabled and all non-FH PUCCH is mapped to one side only, there is no need to differentiate  or . Further, considering the additional RB offset, it is proper to add another parameter in the equation.
In summary, when the frequency hopping for PUCCH is disabled, the gNB can configure the RedCap UE to use one of the following equations to calculate the resource for PUCCH:
· 
· 
where  is the additional RB offset configured by SIB for RedCap UE. The definition of other parameters is identical with legacy definition. Note that the first equation represents the non-FH PUCCH in lower edge, while the second equation represents the non-FH PUCCH in upper edge.
We have the following proposal:
Proposal 6: When the frequency hopping for PUCCH is disabled, the gNB can configure the RedCap UE to use one of the following equations to calculate the resource for PUCCH:
· 
· 
where  is the additional RB offset configured by SIB for RedCap UE. The definition of other parameters is identical with legacy definition.

Conclusion
In this contribution, we provide our view on bandwidth reduction features for RedCap UE. The observations and proposals are summarized as follows:
Observation 1: RAN1 agreement on the use of NCD-SSB for paging cannot be confirmed.
Observation 2: No strong motivation is identified for mapping non-FH PUCCH to both sides of separate initial UL BWP. 
Proposal 1: If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
Proposal 2: For TDD, when MIB-configured CORESET#0 is reused as the default initial DL BWP after RACH, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
· This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
Proposal 3: For a separate initial DL BWP,
· If it contains CD-SSB, it can be configured for paging;
· If it does not contain CD-SSB, it cannot be configured for paging. The RedCap UE shall continue using the CD-SSB (and CORESET#0) to monitor paging.
Proposal 4: For BWP#0 configuration option 1, if the separate initial DL BWP does not contain CD-SSB and entire CORESET#0, a RedCap UE in connected mode does not expect NCD-SSB transmission in the separate initial DL BWP.
Proposal 5: For PUCCH transmission in separate initial UL BWP for RedCap UE, the gNB can:
· Enable frequency hopping for PUCCH, or
· Disable frequency hopping for PUCCH, and configure only one side of the RedCap UL BWP to be mapped to, including SIB-configurable offset.
Proposal 6: When the frequency hopping for PUCCH is disabled, the gNB can configure the RedCap UE to use one of the following equations to calculate the resource for PUCCH:
· 
· 
where  is the additional RB offset configured by SIB for RedCap UE. The definition of other parameters is identical with legacy definition.
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