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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.




In RAN1#104e, the following agreements on reduced maximum UE bandwidths were reached [2]:
	Agreements:
· Sharing of the same SSB and CORESET#0 between RedCap and non-RedCap UEs is supported when the bandwidth is no wider than the RedCap UE bandwidth
· The initial DL BWP (derived based on MIB/SIB) for RedCap UEs can be the same as the initial DL BWP for non-RedCap UEs at least when the initial DL BWP is no wider than the RedCap UE bandwidth.
· [bookmark: _Hlk67993358]FFS: after initial access, whether a RedCap UE is allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth 
· Discuss further whether or not it is also applicable during initial access
· The initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.
· FFS: during and after initial access, whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth 
· FFS whether or not to further introduce the following (e.g., for offloading purpose, for differentiation of RedCap vs. non RedCap UEs, for different BWP#0 configuration options, etc.)
· [bookmark: _Hlk68264106]Whether an additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs
· Whether the SIB-configured initial DL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
· Whether the SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs.

Conclusion: RAN1 does not consider acquisition time improvements for FR2 RedCap UEs with SSB and CORESET#0 multiplexing patterns 2 and 3 as part of this WI.

Agreements:
· Study further how to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth, with the following options:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Option 3: gNB configuration (e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
· Other options are not precluded

Conclusion:
Discuss further in RAN1#104b-e whether or not to send LS to RAN4 regarding RF retuning time, and if so, the RAN1 details associated with question.

Agreements:
· Study further whether and how to enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, with the following options:
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· FFS more than one starting PRB position
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
· Option 4: gNB configuration (e.g., always restricting the initial UL BWP to within RedCap UE bandwidth, or restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH)
· As an example, with restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH, when the initial UL BWP is the same for RedCap and non-RedCap UEs, the PUCCH (for Msg4/[MsgB] HARQ feedback) and PUSCH (for Msg3/[MsgA]) are within the RedCap UE bandwidth
· Other options are not precluded




In this section, we present our analysis on the bandwidth (BW) reduction aspects based on the above agreements.
2	BWP configuration
There are the following two options for configuring an initial BWP (see subclause B2 in TS38.331 [3]), as also summarized in Figure 1.
· Option 1: Configure the initial BWP (BWP #0) with cell-specific parameters only.
· This option does not have the dedicated parameters and hence has limited functionality. The DL/UL BWP #0 are used for initial access and mainly plays a temporary role. 
· Option 2: Configure the BWP #0 with both cell-specific and UE-specific parameters.
· This option enables a fully-featured BWP operation. The UE can obtain the cell-specific parameters by reading the SIB1 and then the UE-specific parameters upon RRC configuration after the initial access. Option 2 is attractive in the deployments where multiple DL/UL BWPs are not preferred. Using this option, the network can establish a fully operational connection with UEs by only configuring one BWP (DL/UL BWP #0). 
NR supports configurations of up to four RRC-configured DL/UL BWPs. With Option 1, the configured DL/UL BWP #0 only has cell-specific parameters and is not counted as an RRC-configured BWP. Thus, after the initial access, the network can configure BWP #1 and potentially BWP #2 - BWP #4. In Option 2, the network can potentially configure additional BWP #1 - BWP #3 after the initial access. 
It should be noted that BWP #0 and “initial BWP” are often used interchangeably. For example, the following description can be found in TS 38.331.
	initialDownlinkBWP
The dedicated (UE-specific) configuration for the initial downlink bandwidth-part (i.e. DL BWP#0). If any of the optional IEs are configured within this IE, the UE considers the BWP#0 to be an RRC configured BWP (from UE capability viewpoint). Otherwise, the UE does not consider the BWP#0 as an RRC configured BWP (from UE capability viewpoint). Network always configures this field if no other BWPs are configured.



Moreover, an initial BWP (BWP #0) can also be used after the initial access. With BWP configuration option 1, the initial BWP which is used after the initial access has a limited functionality as it only uses cell-specific parameters. 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 does not support DCI-based switching. With BWP configuration option 2, the initial BWP can also have UE-specific parameters and thus can operate with full functionality after the initial access. 
[bookmark: _Toc68595176][bookmark: _Toc68595504][bookmark: _Toc68614607]
[image: ]
[bookmark: _Ref65246970]Figure 1: BWP configuration option 1 and option 2 (downlink/uplink).

Also, Figure 2 illustrates the UE operation and BWP configuration during and after the initial access.

[image: ]
[bookmark: _Ref65248483]Figure 2: UE operation during and after initial access.

The size of an initial DL BWP derived based on MIB corresponds to the CORESET #0 bandwidth which can be up to 17.28 MHz in FR1 and 69.12 MHz in FR2 (note that before the UE reads the SIB1, the UE’s initial DL BWP has the same frequency range and numerology as those of CORESET #0). After reading SIB1 in CORESET #0, an initial DL/UL BWP can be derived based on SIB1 using BWP-DownlinkCommon for DL and BWP-UplinkCommon for UL whose bandwidth can be up to the entire carrier bandwidth. For Rel-15/16 UEs, the bandwidth of a SIB1-configured initial BWPs can be up to 100 MHz in FR1 and 200 MHz in FR2. It should be noted that configuring such wide initial BWPs is particularly attractive when BWP configuration option 2 is used to allow network to establish a fully operational connection with UEs with a single BWP. However according to TS 38.331, the UE applies the bandwidth configuration in the initialDownlinkBWP IE provided in SIB1 only after reception of RRCSetup, RRCResume, or RRCReestablishment. 
Meanwhile, it is possible to support RedCap and non-RedCap UEs using the existing BWP configuration framework with no or small specification changes. After the UE acquiring SSB and CORESET #0/SIB1, the network can use either BWP configuration option 1 or option 2. The initial BWP can be configured to be within the RedCap UE BW (i.e., 20 MHz in FR1 and 100 MHz in FR2). After the initial access, if needed, larger BWPs (particularly for non-RedCap UEs) can be configured using UE-specific BWP-downlink-dedicated/BWP-uplink-dedicated parameters. However, the following impacts are expected:
· After initial access, if a larger BWP compared to the initial BWP is configured, then the network configures multiple DL/UL BWPs, which can result in PUSCH resource fragmentation, and it loses the benefit of fully operating on a single BWP using configuration Option 2. Note that this impact does not exist if the initial BWP is also used after the initial access.
· Limiting the initial UL BWP to the bandwidth of RedCap UEs may impact the PRACH capacity.
· In the current specifications, it is mandatory for the Rel-15/16 UEs to support BWP with restriction, i.e., an RRC configured DL BWP includes the bandwidths of CORESET #0 and SSB. Since for some special SSB/CORESET #0 configurations in FR2 the total bandwidth of SSB and CORESET #0 can exceed the RedCap UE BW, it is not possible to always support BWP operation with restriction. Therefore, BWP operation “without restriction” must be mandatory for RedCap, at least in FR2.

[bookmark: _Toc68673465]“BWP #0” and “initial BWP” are often used interchangeably in the NR specifications.
[bookmark: _Toc68638480][bookmark: _Toc68638563][bookmark: _Toc68638662][bookmark: _Toc68606786][bookmark: _Toc68640464][bookmark: _Toc68640582][bookmark: _Toc68640725][bookmark: _Toc68640897][bookmark: _Toc68642445][bookmark: _Toc68642564][bookmark: _Toc68642828][bookmark: _Toc68642991][bookmark: _Toc68673466]An initial BWP (BWP #0) can also be used after initial access regardless of whether it is configured using option 1 (without UE-specific configuration) or option 2 (with UE-specific configuration).
[bookmark: _Toc68638482][bookmark: _Toc68638565][bookmark: _Toc68638664][bookmark: _Toc68606788][bookmark: _Toc68640466][bookmark: _Toc68640584][bookmark: _Toc68640727][bookmark: _Toc68640899][bookmark: _Toc68642447][bookmark: _Toc68642566][bookmark: _Toc68642830][bookmark: _Toc68642993][bookmark: _Toc68673467]The initial BWP can be configured to be within the RedCap UE BW (i.e., 20 MHz in FR1 and 100 MHz in FR2). After the initial access, if needed, larger BWPs (particularly for non-RedCap UEs) can be configured using UE-specific BWP configurations.
[bookmark: _Toc68638484][bookmark: _Toc68638567][bookmark: _Toc68638666][bookmark: _Toc68606790][bookmark: _Toc68640468][bookmark: _Toc68640729][bookmark: _Toc68640901][bookmark: _Toc68642449][bookmark: _Toc68642568][bookmark: _Toc68642832][bookmark: _Toc68642995][bookmark: _Toc68673468]It is already possible to support RedCap and non-RedCap UEs using the existing BWP configuration framework with no or small specification changes. The initial BWP can be configured to be within the RedCap UE bandwidth and shared between RedCap and non-RedCap UEs.
[bookmark: _Toc68595182][bookmark: _Toc68595267][bookmark: _Toc68595307][bookmark: _Toc68595510][bookmark: _Toc68638487][bookmark: _Toc68638570][bookmark: _Toc68638669][bookmark: _Toc68606793][bookmark: _Toc68640471][bookmark: _Toc68640588][bookmark: _Toc68640732][bookmark: _Toc68640904][bookmark: _Toc68642452][bookmark: _Toc68642571][bookmark: _Toc68642835][bookmark: _Toc68642998][bookmark: _Toc68614613][bookmark: _Toc68673469]By limiting the initial BWP (shared between RedCap and non-RedCap UEs) to be within the RedCap UE bandwidth, the RACH capacity may be limited. Also, the network may not have the benefit of operating with only a single large BWP.

3 		Initial DL BWP
One of the FFS identified in RAN1#104e is to discuss whether a RedCap UE is allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth during the initial access and after the initial access. From scheduling complexity, signaling overhead, and resource utilization perspective, it is beneficial to have the same initial DL BWPs for RedCap and non-RedCap UEs. In this case, only one set of initial DL BWP configuration is needed to support both RedCap and non-RedCap UEs which is desirable for network energy/spectral efficiency. During the initial access, as shown in Figure 2, the DL transmissions (e.g., Msg2 and Msg4) are confined within the CORESET #0 bandwidth, which is within the RedCap UE bandwidth. Therefore, regardless of the size of initial DL BWP, these DL transmissions are within the CORESET #0 bandwidth, which can also be received by the RedCap UEs. 
After the initial access, the RedCap UE can continue operating on the initial DL BWP wider than the maximum UE bandwidth. Specifically, once the UE capability is known, the network can schedule transmissions within the RedCap UE bandwidth although the UE is configured with a DL BWP wider than its maximum bandwidth. However, without UE-specific parameters (i.e., if the initial BWP is configured using option 1), such initial DL BWP has limited functionality as only supports fallback DCI Format 1_0.
[bookmark: _Toc68606795][bookmark: _Toc68640473][bookmark: _Toc68640590][bookmark: _Toc68640734][bookmark: _Toc68640906][bookmark: _Toc68642454][bookmark: _Toc68642573][bookmark: _Toc68642837][bookmark: _Toc68643000][bookmark: _Toc61872618][bookmark: _Toc53800363][bookmark: _Toc68673470]From scheduling complexity, resource utilization, and signalling overhead point of view, it is beneficial to have the shared initial DL BWPs for RedCap and legacy UEs. 
[bookmark: _Toc68673471]The DL transmissions during the initial/random access (e.g., Msg2 and Msg4) are confined within the CORESET #0 bandwidth which does not exceed the RedCap UE bandwidth. 
[bookmark: _Toc68673472]After the initial access, once the UE capability is known, the network can schedule transmissions to be within the RedCap UE bandwidth even if the UE is configured with a BWP wider than its maximum bandwidth.
[bookmark: _Toc68673484]A RedCap UE should be allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth during the initial access.
[bookmark: _Toc68673485]After the initial access, the RedCap UE can continue operating on the initial DL BWP wider than its maximum bandwidth.

Another FFS identified in RAN1#104e is whether the SIB-configured initial DL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs. Although in the DL, introducing a separate SIB-configured initial BWP for RedCap UEs is not expected to cause resource fragmentation, the benefit of doing so is limited. 
[bookmark: _Toc68606799][bookmark: _Toc68640477][bookmark: _Toc68640594][bookmark: _Toc68640738][bookmark: _Toc68640910][bookmark: _Toc68642458][bookmark: _Toc68642577][bookmark: _Toc68642841][bookmark: _Toc68643004][bookmark: _Toc68673473]The benefit of configuring a separate SIB-configured initial DL BWP for RedCap UEs is limited.
[bookmark: _Toc68673486]There is no need to have a SIB-configured initial DL BWP for RedCap UEs which is different from the SIB-configured initial DL BWP for non-RedCap UEs.
[bookmark: _Hlk67306131]4 	Initial UL BWP
[bookmark: _Hlk68078643]One of the FFS identified in RAN1#104e is to discuss whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth during the initial access and after the initial access. One potential issue of separate initial UL BWP for RedCap and non-RedCap UEs is resource fragmentation for PUSCH due to PUCCH configurations, as illustrated in Figure 3. Using a shared UL BWP avoids PUSCH resources fragmentation. Moreover, from scheduling complexity and resource utilization perspective, it may be beneficial to have the same initial UL BWPs for RedCap and non-RedCap UEs. However, as will be discussed in the following sections, enabling a RedCap UE to operate with an initial UL BWP wider than its maximum bandwidth requires resolving issues related to PUCCH/PUSCH frequency hopping as well as frequency division multiplexed (FDM-ed) RACH occasions that may fall outside the UE bandwidth.

[image: ]
[bookmark: _Ref67037115]Figure 3: Example of UL (PUSCH) resource fragmentation due to separate initial BWP and different PUCCH configurations.

After the initial access, the RedCap UE can continue operating on the initial UL BWP wider than the UE maximum bandwidth. Specifically, once the UE capability is known, the network can schedule PUSCH transmissions to be within the RedCap UE bandwidth although the UE is configured with an UL BWP wider than its maximum bandwidth. However, without UE-specific parameters, such initial UL BWP has limited functionality as only supports fallback DCI Format 0_0.
[bookmark: _Toc68640497][bookmark: _Toc68640614][bookmark: _Toc68640758][bookmark: _Toc68640930][bookmark: _Toc68642479][bookmark: _Toc68642598][bookmark: _Toc68642862][bookmark: _Toc68643025][bookmark: _Toc68673487]During the initial access, a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth. However, this requires resolving issues related to PUCCH/PUSCH frequency hopping as well as FDM-ed RACH occasions that may fall outside the UE bandwidth. 
[bookmark: _Toc68673488]After the initial access, the RedCap UE can continue operating on the initial UL BWP wider than its maximum bandwidth.

Another FFS identified in RAN1#104e is whether the SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs. The advantage of configuring a separate initial UL BWP for RedCap is that the aforementioned issues related to PUCCH/PUSCH transmissions and FDM-ed RACH occasions are resolved as the separate initial BWP can be defined to be within the RedCap UE bandwidth. However, in the UL, introducing a separate SIB-configured initial BWP for RedCap UEs can cause PUSCH resource fragmentation due to the PUCCH transmissions. In our view, a separate initial UL BWP can be configured only if the PUSCH resource fragmentation is avoided. For example, to avoid resource fragmentation, the initial UL BWP for RedCap UEs can be placed at one edge of non-RedCap initial UL BWP with disabled PUCCH frequency hopping during initial/random access, as illustrated in Figure 4. 
Since PUCCH frequency hopping is always used by non-RedCap UEs for sending Msg4/[MsgB] HARQ feedback, an early RedCap UE identification before Msg4/[MsgB] is needed if PUCCH frequency hopping is disabled for RedCap UEs.
[bookmark: _Toc68606801][bookmark: _Toc68640479][bookmark: _Toc68640596][bookmark: _Toc68640740][bookmark: _Toc68640912][bookmark: _Toc68642460][bookmark: _Toc68642579][bookmark: _Toc68642843][bookmark: _Toc68643006][bookmark: _Toc68673474]If the PUSCH resource fragmentation is avoided, a SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs. This can be achieved by properly adjusting the position of RedCap initial UL BWP and disabling the PUCCH frequency hopping.
[bookmark: _Toc68642482][bookmark: _Toc68642601][bookmark: _Toc68642865][bookmark: _Toc68643028][bookmark: _Toc68673489]The PUCCH frequency hopping (for Msg4/[MsgB] HARQ feedback) during initial access can be disabled for RedCap UEs.


[image: ]
[bookmark: _Ref68079522]Figure 4: RedCap initial BWP at the edge of non-RedCap BWP with disabled RedCap PUCCH frequency hopping.

[bookmark: _Ref68643474]4.1 		Enabling PRACH occasions within the UE BW
Bandwidth reduction has a potential impact on the random access procedure. Specifically, when RACH occasions are frequency-division multiplexed (FDM-ed), the total frequency span of 8 FDM-ed RACH occasions is greater than 20 MHz in FR1 and 100 MHz in FR2 in the following configurations: 
· FR1, L=839, 5 kHz SCS: total BW of 8 FDM-ed RACH occasions = 34.56 MHz
· FR2, L=139, 120 kHz SCS: total BW of 8 FDM-ed RACH occasions = 138.24 MHz
Therefore, for the RedCap UE, the RACH occasion associated with the best/preferred SSB beam may fall outside of its bandwidth, depending on how the UE sets its center frequency. To enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth, the following options were proposed in RAN1#104:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Option 3: gNB configuration (e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
In our view, Option 1 and Option 3 are promising solutions. With proper RF-retuning, UE can retune to an appropriately chosen center frequency for PRACH preamble transmission, so that its preferred RACH occasion is within its transmission bandwidth. After transmission of PRACH by RF-retuning, the UE may have to retune to another center frequency in order to monitor for RAR. Since the RAR window may start one symbol after the last symbol of the PRACH occasion, the RF-retuning time needs to be considered when the network transmits RAR to the RedCap UE. However, this may require that an early RedCap indication in Msg1 is needed in this scenario. Alternatively, the gNB can apply appropriate RAR transmission time in the cell so that all the UEs, including the RedCap UEs, to have sufficient time to switch between PRACH transmission and RAR reception.
Also, a proper gNB configuration can be used to ensure the RACH occasions fall within the RedCap UE BW. In particular, restricting the number FDM-ed RACH occasions can be considered such that the total bandwidth of multiple FDM-ed RACH occasions does not exceed the UE BW. Currently, the number of FDM-ed RACH occasions can be 1, 2, 4, and 8. By using 8 FDM-ed RACH occasions a maximum capacity is achieved. However, a smaller number of RACH occasions can also provide sufficient capacity. Furthermore, in FR2 with the analog beamforming there is no need for having FDM-ed ROs for different SSB beams. Therefore, if needed, the maximum number of FDM-ed RACH occasion can be limited. For example, gNB can configure up to 4 FDM-ed RACH occasions to ensure that all FDM-ed RACH occasions fall within the RedCap UE bandwidth. With proper gNB configuration in cells supporting RedCap UEs, when bandwidth of 8 FDM-ed RACH occasions is greater the RedCap UE bandwidth, the maximum number of FDM-ed RACH occasions (for RedCap and non-RedCap UEs) can be limited to 4. 
[bookmark: _Toc68640501][bookmark: _Toc68640618][bookmark: _Toc68640762][bookmark: _Toc68640934][bookmark: _Toc68642484][bookmark: _Toc68642603][bookmark: _Toc68642867][bookmark: _Toc68643030][bookmark: _Hlk67760872][bookmark: _Toc68673490]RF-retuning solutions (Option 1) and suitable gNB configurations in Option 3 (by restricting the maximum number of FDM-ed RACH occasions) are used for enabling RACH occasion associated with the best SSB to fall within the RedCap UE bandwidth.

4.2 		Enabling PUCCH and PUSCH within the UE BW
Another potential issue with the bandwidth reduction is related to the frequency hopping for PUCCH and PUSCH in the initial uplink BWP during the initial access procedure. PUCCH is used for carrying the ACK/NACK for Msg4. In this case, frequency hopping is configured and the PRBs used for PUCCH are determined based in the initial UL BWP configuration, which may have a bandwidth larger than the maximum RedCap UE bandwidth. A similar problem exists for Msg3 PUSCH if frequency hopping is configured for PUSCH. 
To enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth, the following options were proposed in RAN1#104:
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· FFS more than one starting PRB position
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
· Option 4: gNB configuration (e.g., always restricting the initial UL BWP to within RedCap UE bandwidth, or restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH).

4.2.1 PUCCH for Msg4/[MsgB] HARQ feedback
Frequency hopping is supported for long PUCCH formats and for short PUCCH formats with duration of 2 symbols. Before a dedicated RRC connection, the PUCCH configuration in PUCCH-ConfigCommon from SIB1 only supports short Format 0 with 2 symbols and long Format 1 with 4, 10, and 14 symbols. Also, in this configuration frequency hopping is always applied. 
Option 1 (RF retuning) can be potentially used to address this issue. When feasible, the RedCap UE can properly retune its center frequency between the hops to ensure PUCCH is transmitted as in legacy without falling outside the RedCap device BW. 
In NR, the RF-retuning time for intra-band operation is around 50-200 µs (for sub 6 GHz) [5]. For RedCap UEs, depending on the RF retuning delay in FR1 and FR2, the RF retuning solution can be used for PUCCH and PUSCH transmissions. Clearly, there will be performance degradation as some of the symbols will be lost due to the RF-retuning delay. Table 1 shows the RF-retuning time in terms of number of symbols.

[bookmark: _Ref66113059]Table 1: RF-retuning time in terms of number of symbols.
	SCS
	Symbol duration
	RF-retuning time

	
	
	50 µs
	100 µs
	200 µs

	15 kHz
	66.67 µs
	0.75 symbols
	1.5 symbols
	3 symbols

	30 kHz
	33.33 µs
	1.5 symbols
	3 symbols
	6 symbols

	60 kHz
	16.67 µs
	3 symbols
	6 symbols
	12 symbols

	120 kHz
	8.33 µs
	6 symbols
	12 symbols
	24 symbols



As we can see, the performance loss depends on the RF-retuning time, SCS, and the number of PUCCH symbols. The RF-retuning solution seems to be more feasible in FR1 and long PUCCH formats. However, losing a few symbols due to RF-retuning delay can result in the loss of orthogonality between time-domain orthogonal cover codes (OCC) used for UE multiplexing in PUCCH long Format 1. Consequently, it can impact the multiplexing of RedCap and non-RedCap UEs in shared PUCCH resources.
Regarding Option 2, a separate initial UL BWP can also be configured to ensure PUCCH transmissions fall within the UE bandwidth. However, it is essential to prevent PUSCH resource fragmentation by disabling the PUCCH frequency hopping and proper placement of the RedCap initial UL BWP with respect to the location of the non-RedCap initial UL BWP. Moreover, it is possible to have more than one starting PRB position for the BWP as long as it does not cause PUSCH resource fragmentation. In this case, there can be two starting PRB positions for placing the RedCap initial UL BWP at the high-edge or low-edge of non-RedCap initial UL BWP. 
Option 3 (separate PUCCH configuration/indication) can also be considered as a solution, if done properly. In particular, it is important that a new configuration avoids resource fragmentation in the initial UL BWP. For example, one way to achieve this is to introduce a new PUCCH configuration without frequency hopping and PUCCH resources located at the BWP edge.
Regarding Option 4 (gNB configuration), it is feasible to restrict the initial UL BWP to be within RedCap UE bandwidth. However, in case of shared initial UL BWP between RedCap and non-RedCap UEs, restricting the bandwidth of initial UL BWP may not be desired for non-RedCap UEs due to a potential impact on the frequency diversity. Hence, this solution can be considered depending on the scenario (e.g., channel condition) and if the potential impact on the non-RedCap UEs is acceptable. Additionally, restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback might be considered to ensure that Msg4 PUCCH fall within the RedCap UE BW. However, there is only a limited flexibility in terms of location of Msg4 PUCCH. 
[bookmark: _Toc68606803][bookmark: _Toc68640481][bookmark: _Toc68640598][bookmark: _Toc68640742][bookmark: _Toc68640914][bookmark: _Toc68642462][bookmark: _Toc68642581][bookmark: _Toc68642845][bookmark: _Toc68643008]
[bookmark: _Toc68673475]To handle the PUCCH-related issue, the RF-retuning solution (Option 1) is only feasible for FR1 and long PUCCH formats.
[bookmark: _Toc68673491]To enable that PUCCH (for Msg4/[MsgB] HARQ feedback) transmissions fall within the RedCap UE bandwidth, rely on the following options (in preference order):
· [bookmark: _Toc68673492]Option 3: Separate PUCCH configuration/indication (or interpretation) for RedCap without causing resource fragmentation. In particular, PUCCH frequency hopping can be disabled for RedCap.
· [bookmark: _Toc68673493]Option 4: gNB configuration, when feasible to restrict the initial UL BWP to be within RedCap UE bandwidth. 
· [bookmark: _Toc68673494][bookmark: _Hlk68183966]Option 2: Separate initial UL BWP for RedCap with disabled PUCCH frequency hopping to prevent PUSCH resource fragmentation. Also, it is possible to have two starting PRB positions for placing the RedCap initial UL BWP at the high-edge or low-edge of non-RedCap initial UL BWP.

[bookmark: _Toc67770514][bookmark: _Toc67908110][bookmark: _Toc68187652][bookmark: _Toc68290575]4.2.2 PUSCH for Msg3/[MsgA] 
For the Msg3 PUSCH scheduled by RAR, the frequency hopping can be enabled or disabled. Moreover, in case of enabled frequency hopping, three different frequency offset values between two hops can be used [6]. Specifically, for BWP with size , the offset values between hops can be , and -. To handle PUSCH issue in case of shared BWP between RedCap and non-RedCap UEs:
· A proper RF retuning solution can also be considered particularly for long PUSCH transmissions as long as the performance loss due to loss of symbols (potentially carrying reference signals) is acceptable. 
· [bookmark: _Hlk66113464]gNB configurations can help resolving this issue by disabling PUSCH frequency hopping or choosing a suitable frequency offset (among existing values) between two hops for RedCap and non-RedCap UEs to ensure that PUSCH is within the RedCap UE BW. Additionally, restrictions on the frequency location and the amount of scheduled resource for Msg3/[MsgA] PUSCH can be considered to ensure that it is fall within the RedCap UE BW. 
· Also, similar to the PUCCH case, configuring a separate initial UL BWP without causing PUSCH resource fragmentation can be considered.
We have the following observations and proposals in this regard.
[bookmark: _Toc68673476]Proper RF retuning solutions can be considered (particularly for long PUSCH transmissions when the potential performance loss is acceptable) for enabling PUSCH (for Msg3/[MsgA]) transmissions to fall within the RedCap UE bandwidth. 
[bookmark: _Toc68673477]Proper gNB configuration by disabling PUSCH frequency hopping or choosing a suitable frequency offset value between hops can ensure that PUSCH resources fall within the RedCap UE BW.
[bookmark: _Toc68673495]To enable PUSCH (for Msg3/[MsgA]) transmissions to fall within the RedCap UE bandwidth, rely on the following options (in preference order):
· [bookmark: _Toc68673496]Option 1: Proper RF-retuning for RedCap (if feasible), when the potential performance loss is acceptable.
· [bookmark: _Toc68673497]Option 4: gNB configuration by disabling PUSCH frequency hopping, choosing proper hopping parameters, and restricting the frequency location and the amount of scheduled PUSCH resources.
· [bookmark: _Toc68673498]Option 2: similar to PUCCH case, configuring a separate initial UL BWP without causing PUSCH resource fragmentation can be considered. Also, it is possible to have two starting PRB positions for placing the RedCap initial UL BWP at the high-edge or low-edge of non-RedCap initial UL BWP.
5		Congestion and offloading aspects 
Based on RAN1#104e, it is FFS whether an additional CORESET can be configured for scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs. In case of shared initial BWPs (and CORESETs) between RedCap and non-RedCap UEs, the potential congestion issue depends on the total number of UEs and the number of available time-frequency resources (i.e., size of BWP and CORESETs). If the increase in the number of UEs due to the addition of RedCap UEs to the network is not foreseen be significant, the congestion may not be an issue in coexistence of RedCap and non-RedCap UEs. 
It should be noted that such potential congestion issue is not only limited to the scenario with both RedCap and non-RedCap UEs, rather, it can be viewed as a general NR issue even without RedCap UEs. In this respect, the issue is whether the existing solutions in NR is sufficient for handling the potential congestion issue. 
UEs can monitor PDCCH candidates intended for Msg2/Msg4/Paging/SI messages in CORESET #0 or another CORESET which is contained in the bandwidth of CORESET #0. If the UE is not provided with a CORESET for any of the Type0A-PDCCH/Type1-PDCCH/Type2-PDCCH common search spaces, the corresponding CORESET would be CORESET #0. An additional CORESET (other than CORESET #0) may also be configured and used for RAR/paging/system information. In this case, the network configures the commonControlResourceSet in SIB1 such that it is contained in the bandwidth of CORESET #0. Therefore, according to the Rel-15 specification, it is already possible to configure additional CORESETs for initial access, however, the limitation is that the additional CORESET needs to be within the bandwidth of CORESET #0 and this does not considerably help in increasing the capacity. 
Moreover, different search spaces with different parameters (e.g., monitoring occasions) can be configured for Msg2/Msg4/Paging/SI messages. Therefore, the load on the shared CORESET (e.g., CORESET #0) can be partially controlled by proper search space configurations. For example, when possible, different monitoring occasions can be set within search spaces to partly mitigate the congestion. However, the frequency resources are still limited within the CORESET #0 bandwidth. Moreover, in practice, there may not be high flexibility for PDCCH scheduling in time domain (e.g., only first few symbols in a slot may be considered for control channel).
Alternatively, a separate CORESET can also be configured for RedCap UEs for offloading purposes. To reduce the congestion on non-RedCap UEs, such new CORESET must be fully or partially non-overlapping with CORESET #0. However, one potential issue is that the total bandwidth of CORESET #0 and the new CORESET may exceed the bandwidth of RedCap UEs (when they need to monitor both CORESETs). Moreover, it needs to be ensured that the RedCap UEs can properly receive SSB and SI given their bandwidth limitations. 
[bookmark: _Toc68638580][bookmark: _Toc68638679][bookmark: _Toc68606807][bookmark: _Toc68640485][bookmark: _Toc68640602][bookmark: _Toc68640746][bookmark: _Toc68640918][bookmark: _Toc68642466][bookmark: _Toc68642585][bookmark: _Toc68642849][bookmark: _Toc68643012][bookmark: _Toc68673478]The potential congestion issue for Msg2/Msg4/Paging/SI messages is a general NR issue, even without having RedCap UEs. The issue is whether the existing solutions in NR is sufficient for handling the potential congestion issue depending on the total number of UEs in the network. 
[bookmark: _Toc68638582][bookmark: _Toc68638681][bookmark: _Toc68606809][bookmark: _Toc68640487][bookmark: _Toc68640604][bookmark: _Toc68640748][bookmark: _Toc68640920][bookmark: _Toc68642468][bookmark: _Toc68642587][bookmark: _Toc68642851][bookmark: _Toc68643014][bookmark: _Toc68673479]The load on the shared CORESET (e.g., CORESET #0) can be partially controlled by proper search space configurations in time domain (e.g., different monitoring occasions), when possible. Yet, the frequency resources are still limited within the CORESET #0 bandwidth that can limit the capacity.
[bookmark: _Toc68638584][bookmark: _Toc68638683][bookmark: _Toc68606811][bookmark: _Toc68640489][bookmark: _Toc68640606][bookmark: _Toc68640750][bookmark: _Toc68640922][bookmark: _Toc68642470][bookmark: _Toc68642589][bookmark: _Toc68642853][bookmark: _Toc68643016][bookmark: _Toc68673480]An additional CORESET which is partially or fully non-overlapping with CORESET #0 can be configured for offloading purposes during the initial/random access. However, there is a constraint on introducing an additional CORESET due the RedCap bandwidth limitation and ensuring proper reception of SSB and SI.
[bookmark: _Hlk66125838]6	Operation on a non-initial BWP wider than the UE BW
Based on the existing BWP configuration framework (i.e., BWP#0 configuration options 1 and 2), an initial BWP has an index 0 (i.e., BWP #0) while a non-initial BWP has a non-zero index. Regardless which BWP#0 configuration option is used, a non-initial BWP includes UE-specific configuration and thus can be tailored to match UE-specific capabilities. 

Also, from diversity perspective, for RedCap UEs with 20 MHz BW in FR1 and 100 MHz BW in FR2, sufficient frequency diversity gain can be achieved for RedCap and the additional gain of operating in a wider non-initial BWP is expected to be small.

Thus, there is no strong incentive to support operation on a non-initial BWP wider than the UE BW.

[bookmark: _Toc68638500][bookmark: _Toc68638586][bookmark: _Toc68638685][bookmark: _Toc68606813][bookmark: _Toc68640491][bookmark: _Toc68640608][bookmark: _Toc68640752][bookmark: _Toc68640924][bookmark: _Toc68642472][bookmark: _Toc68642591][bookmark: _Toc68642855][bookmark: _Toc68643018][bookmark: _Toc68673481]An initial BWP has an index 0 (i.e., BWP #0) while a non-initial BWP has a non-zero index.
[bookmark: _Toc68673482]The benefit of allowing a RedCap UE to operate on a non-initial BWP wider than its RF bandwidth is small.
[bookmark: _Toc68673499]Operation on a non-initial BWP (BWP with a non-zero index) wider than the UE BW is not supported.
[bookmark: _Toc68638518][bookmark: _Toc68614648]
In the current specifications, it is mandatory for the non-RedCap UEs to support BWP with bandwidth restriction, i.e., an RRC configured DL BWP include the bandwidths of CORESET #0 and SSB (this helps to avoid RF retuning). However, RedCap UEs are not able to simultaneously receive SSB and CORESET #0 for one special CORESET #0/SSB multiplexing patterns 2 in FR2 ({240 kHz SSB, 120 kHz PDCCH}). Such configuration, however, is not expected to be commonly used in a network.


[bookmark: _Toc68673483]The special CORESET #0/SSB multiplexing pattern 2 with 240 kHz SSB SCS and 120 kHz PDCCH SCS is not a commonly used configuration in a deployed network. 

Meanwhile, if such configuration is needed in some special cases, BWP operation “without restriction” must be mandatory for RedCap (i.e., BWP does not need to include both SSB and CORESET #0) in FR2.

[bookmark: _Toc68673500]For special cases where the support for CORESET #0/SSB multiplexing patterns 2 with 240 kHz SCS for SSB and 120 kHz SCS for PDCCH is needed in FR2,  BWP operation “without restriction” should be mandatory for RedCap UEs (i.e., BWP does not need to include both SSB and CORESET #0).
[bookmark: _Toc68614629][bookmark: _Toc68614630][bookmark: _Toc68614651]7	Summary 
Here, we summarize our views on the open issues concerning the RedCap UE BW reduction aspects.
Terminology: 
First, it is important to establish a common understanding of certain important terminology. Specifically,
· “BWP #0” and “initial BWP” are often used interchangeably in the NR specifications.
· An initial BWP (BWP #0) can also be used after the initial access regardless whether it is configured using option 1 (without UE-specific configuration) or option 2 (with UE-specific configuration).
· An initial BWP has an index 0 (i.e., BWP #0) while a non-initial BWP has a non-zero index.

Initial BWP:
For DL, we prefer to allow a RedCap UE to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth at least during initial access, and we do not see strong incentive for a separate SIB-configured DL BWP for RedCap UEs.
For UL, our most important consideration is to avoid PUSCH resource fragmentation. Sharing an initial UL BWP configured up to the entire carrier bandwidth is one way for avoiding PUSCH resource fragmentation, especially during initial access due to that PUCCH FH is always enabled.
	Option/solution
	Pros 
	Cons/impacts

	Operation on an initial DL BWP wider than the UE BW during and after initial access
	Possibility of sharing initial BWP with non-RedCap UEs, better resource utilization and lower signalling overhead, possibility of operating with a single BWP.
	Specification changes needed to allow configuring a BWP that is not within the UE BW.

	Operation on an initial UL BWP wider than the UE BW during and after initial access
	Possibility of sharing initial BWP with non-RedCap UEs, better resource utilization and signalling overhead, avoids PUSCH resource fragmentation, possibility of operating with a single BWP using BWP.
	Specification changes needed to allow configuring a BWP wider than the UE BW (e.g., to support PUCCH/PUSCH transmissions and PRACH occasions to fall within UE BW).

	Separate SIB-configured initial DL BWP
	Initial BWP is within the RedCap BW.


	Higher signalling overhead, better scheduling efficiency
Need to introduce new IE (RedCap-specific initial DL BWP) in SIB1)
No strong incentive as DL transmissions during initial access are limited to CORESET #0 BW thus a shared initial DL BWP works for both non-RedCap and RedCap UEs.

	Separate SIB-configured initial UL BWP
	Initial BWP is within the RedCap BW, PUCCH/PUSCH and FDM-ed RACH occasions can be guaranteed to fall inside RedCap UE bandwidth.
	Higher signalling overhead, better scheduling efficiency, risk of PUSCH resource fragmentation. 
Need to introduce new IE (RedCap-specific initial UL BWP in SIB1)




Non-initial BWP:
Operation on a non-initial BWP (BWP with a non-zero index) wider than the UE BW is not supported as its benefit is not clear.

Enabling PRACH occasions within the UE BW:
As explained in section 4.1, we prefer Options 3 and 1.
	Option/solution
	Pros 
	Cons/impacts

	Option 1: RF re-tuning
	No need to restrict the configurations.
	May need to consider additional delay for starting RAR window.

	Option 2: Separate initial UL BWP
	FDM-ed RACH occasions can be guaranteed to fall inside RedCap UE bandwidth.
	Risk of PUSCH/PRACH resource fragmentation and potential increase in gNB PRACH processing load.

	Option 3: gNB configuration
	Feasible and flexible solutions, minimum specification impact.
	Potential impact on PRACH capacity if restrictions are applied.

	Option 4: Dedicated PRACH configurations
	FDM-ed RACH occasions can be guaranteed to fall inside RedCap UE bandwidth.
	PRACH resource fragmentation and potential increase in gNB PRACH processing load.




[bookmark: _Toc68086090][bookmark: _Toc68086292]Enabling PUCCH and PUSCH within the UE BW:
As explained in section 4.2, we prefer Option 3, e.g. disabling frequency hopping or using a different frequency hopping pattern.
	Option/solution
	Pros 
	Cons/impacts

	Option 1: RF re-tuning
	No need to restrict the configurations.
	Performance loss due to RF-retuning delay.

	Option 2: Separate initial UL BWP
	PUCCH and PUSCH fall within the UE BW.
	Due to risk of PUSCH resource fragmentation, has some constraints on frequency hopping and position of BWP.

	Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication
	Feasible solutions.
	Has some constraints: e.g., frequency hopping should be disabled.

	Option 4: gNB configuration
	Feasible and flexible solutions, minimum specification changes.
	Potential impact on non-RedCap UEs if restrictions are applied to support RedCap. Although no PUSCH resource fragmentation within the BWP, there might be fragmentation over the entire carrier bandwidth.





Additional CORESET for the scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs:
	Option/solution
	Pros 
	Cons/impacts

	Additional CORESET 
	Can help offloading and congestion mitigation if the additional CORESET is not fully overlapping with CORESET #0.
	The UE cannot receive SSB and SI, while monitoring the additional CORESET if the total frequency span of CORESET #0 and the new CORESET exceeds the UE bandwidth.



8	Conclusion
In the previous sections we made the following observations: 
Observation 1	“BWP #0” and “initial BWP” are often used interchangeably in the NR specifications.
Observation 2	An initial BWP (BWP #0) can also be used after initial access regardless of whether it is configured using option 1 (without UE-specific configuration) or option 2 (with UE-specific configuration).
Observation 3	The initial BWP can be configured to be within the RedCap UE BW (i.e., 20 MHz in FR1 and 100 MHz in FR2). After the initial access, if needed, larger BWPs (particularly for non-RedCap UEs) can be configured using UE-specific BWP configurations.
Observation 4	It is already possible to support RedCap and non-RedCap UEs using the existing BWP configuration framework with no or small specification changes. The initial BWP can be configured to be within the RedCap UE bandwidth and shared between RedCap and non-RedCap UEs.
Observation 5	By limiting the initial BWP (shared between RedCap and non-RedCap UEs) to be within the RedCap UE bandwidth, the RACH capacity may be limited. Also, the network may not have the benefit of operating with only a single large BWP.
Observation 6	From scheduling complexity, resource utilization, and signalling overhead point of view, it is beneficial to have the shared initial DL BWPs for RedCap and legacy UEs.
Observation 7	The DL transmissions during the initial/random access (e.g., Msg2 and Msg4) are confined within the CORESET #0 bandwidth which does not exceed the RedCap UE bandwidth.
Observation 8	After the initial access, once the UE capability is known, the network can schedule transmissions to be within the RedCap UE bandwidth even if the UE is configured with a BWP wider than its maximum bandwidth.
Observation 9	The benefit of configuring a separate SIB-configured initial DL BWP for RedCap UEs is limited.
Observation 10	If the PUSCH resource fragmentation is avoided, a SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs. This can be achieved by properly adjusting the position of RedCap initial UL BWP and disabling the PUCCH frequency hopping.
Observation 11	To handle the PUCCH-related issue, the RF-retuning solution (Option 1) is only feasible for FR1 and long PUCCH formats.
Observation 12	Proper RF retuning solutions can be considered (particularly for long PUSCH transmissions when the potential performance loss is acceptable) for enabling PUSCH (for Msg3/[MsgA]) transmissions to fall within the RedCap UE bandwidth.
Observation 13	Proper gNB configuration by disabling PUSCH frequency hopping or choosing a suitable frequency offset value between hops can ensure that PUSCH resources fall within the RedCap UE BW.
Observation 14	The potential congestion issue for Msg2/Msg4/Paging/SI messages is a general NR issue, even without having RedCap UEs. The issue is whether the existing solutions in NR is sufficient for handling the potential congestion issue depending on the total number of UEs in the network.
Observation 15	The load on the shared CORESET (e.g., CORESET #0) can be partially controlled by proper search space configurations in time domain (e.g., different monitoring occasions), when possible. Yet, the frequency resources are still limited within the CORESET #0 bandwidth that can limit the capacity.
Observation 16	An additional CORESET which is partially or fully non-overlapping with CORESET #0 can be configured for offloading purposes during the initial/random access. However, there is a constraint on introducing an additional CORESET due the RedCap bandwidth limitation and ensuring proper reception of SSB and SI.
Observation 17	An initial BWP has an index 0 (i.e., BWP #0) while a non-initial BWP has a non-zero index.
Observation 18	The benefit of allowing a RedCap UE to operate on a non-initial BWP wider than its RF bandwidth is small.
Observation 19	The special CORESET #0/SSB multiplexing pattern 2 with 240 kHz SSB SCS and 120 kHz PDCCH SCS is not a commonly used configuration in a deployed network.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A RedCap UE should be allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth during the initial access.
Proposal 2	After the initial access, the RedCap UE can continue operating on the initial DL BWP wider than its maximum bandwidth.
Proposal 3	There is no need to have a SIB-configured initial DL BWP for RedCap UEs which is different from the SIB-configured initial DL BWP for non-RedCap UEs.
Proposal 4	During the initial access, a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth. However, this requires resolving issues related to PUCCH/PUSCH frequency hopping as well as FDM-ed RACH occasions that may fall outside the UE bandwidth.
Proposal 5	After the initial access, the RedCap UE can continue operating on the initial UL BWP wider than its maximum bandwidth.
Proposal 6	The PUCCH frequency hopping (for Msg4/[MsgB] HARQ feedback) during initial access can be disabled for RedCap UEs.
Proposal 7	RF-retuning solutions (Option 1) and suitable gNB configurations in Option 3 (by restricting the maximum number of FDM-ed RACH occasions) are used for enabling RACH occasion associated with the best SSB to fall within the RedCap UE bandwidth.
Proposal 8	To enable that PUCCH (for Msg4/[MsgB] HARQ feedback) transmissions fall within the RedCap UE bandwidth, rely on the following options (in preference order):
	Option 3: Separate PUCCH configuration/indication (or interpretation) for RedCap without causing resource fragmentation. In particular, PUCCH frequency hopping can be disabled for RedCap.
	Option 4: gNB configuration, when feasible to restrict the initial UL BWP to be within RedCap UE bandwidth.
	Option 2: Separate initial UL BWP for RedCap with disabled PUCCH frequency hopping to prevent PUSCH resource fragmentation. Also, it is possible to have two starting PRB positions for placing the RedCap initial UL BWP at the high-edge or low-edge of non-RedCap initial UL BWP.
Proposal 9	To enable PUSCH (for Msg3/[MsgA]) transmissions to fall within the RedCap UE bandwidth, rely on the following options (in preference order):
	Option 1: Proper RF-retuning for RedCap (if feasible), when the potential performance loss is acceptable.
	Option 4: gNB configuration by disabling PUSCH frequency hopping, choosing proper hopping parameters, and restricting the frequency location and the amount of scheduled PUSCH resources.
	Option 2: similar to PUCCH case, configuring a separate initial UL BWP without causing PUSCH resource fragmentation can be considered. Also, it is possible to have two starting PRB positions for placing the RedCap initial UL BWP at the high-edge or low-edge of non-RedCap initial UL BWP.
Proposal 10	Operation on a non-initial BWP (BWP with a non-zero index) wider than the UE BW is not supported.
Proposal 11	For special cases where the support for CORESET #0/SSB multiplexing patterns 2 with 240 kHz SCS for SSB and 120 kHz SCS for PDCCH is needed in FR2,  BWP operation “without restriction” should be mandatory for RedCap UEs (i.e., BWP does not need to include both SSB and CORESET #0).
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