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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#105-e, the following agreements and working assumptions on reduced maximum UE bandwidths were reached ‎[2]:
	Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2): (replaced by later agreement in RAN1#106-e)
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.

Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning 

Agreements: Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.

Working assumption:
· Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.

Working assumption: (replaced by later agreement in RAN1#106-e)
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Working assumption:
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)

Working assumption:
· At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case




Moreover, the agreements from RAN1#106-e are as follows:
	Agreements:
Replace the RAN1#104bis-e working assumption with the following agreement:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs.
 
Agreements:
 Confirm the following working assumptions from RAN1#105-e:
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
 
Agreements:
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.
 
Agreements:
· 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.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.
 



In this section, we present our analysis on the bandwidth (BW) reduction aspects based on the above agreements and working assumptions.
2 		Key design considerations
To properly introduce RedCap UEs to the network, there are several design principles and tradeoffs that need to be considered. Specifically, according to the WID objectives, an efficient coexistence between RedCap and non-RedCap UEs needs to be ensured while considering the complexity and power consumption of RedCap UEs.
2.1	Efficient coexistence between RedCap and non-RedCap from PUSCH resource fragmentation point of view
One of the most important coexistence issues, as discussed in our companion contribution ‎[3], is the PUSCH resource fragmentation caused by PUCCH transmissions when they are not scheduled at the edges of an available carrier. Such PUSCH resource fragmentation results in a significant UL peak data rate reduction for non-RedCap UEs (and/or networks) not supporting almost contiguous UL CP-OFDM (Feature 2-7 defined in TR 38.822) or resource allocation Type 0 for PUSCH (Feature 5-2 defined in TR 38.822) in the uplink. These features are optional with capability signaling; thus, it is highly likely that non-RedCap UEs can only utilize a contiguous set of PRBs for uplink transmissions. The UL peak data rate is an important KPI especially for use cases with UL-heavy traffic such as XR applications. Therefore, if the issue of the PUSCH resource fragmentation due to RedCap PUCCH transmissions is not properly addressed, there can be significant impact on the non-RedCap UEs which does not fulfill the WID objective.
It should be noted that the issue of the PUSCH resource fragmentation needs to be considered for both scenarios with initial BWPs and non-initial BWPs. In order to minimize or avoid PUSCH resource fragmentation when the RedCap UL BWP (e.g., 20 MHz BW) is smaller than the carrier bandwidth (e.g., 100 MHz BW), the PUCCH resources for RedCap need to be located near the edge(s) of the carrier. To this end, the RedCap UL BWP needs to be placed at the carrier edge and the PUCCH frequency hopping to be disabled.
Meanwhile, in TDD scenarios, placing the RedCap UL BWP at the carrier edge will require further considerations in terms of UL/DL center frequency alignment. For initial DL BWP, two options can be considered: 1) same center frequency for UL/DL BWPs, 2) different center frequencies for only for initial UL/DL BWPs. Depending on which option is adopted, the RedCap UE behavior (e.g., in terms of RF switching/retuning) will be different. 
2.2	UE complexity and power consumption aspects of TDD UL/DL center frequency alignment options
Another key consideration in designing RedCap is to ensure low UE complexity and power consumption compared to non-RedCap UEs, while ensuring efficient coexistence between RedCap and non-RedCap UEs. In this regard, it is desired to minimize the number of RF switching/retuning attempts that the RedCap UE needs to perform. As discussed above, to avoid PUSCH resource fragmentation in TDD, several options can be considered for RedCap initial UL/DL BWPs:

· Option 1: Different center frequencies only for initial UL/DL BWPs during initial access
In this case, initial UL/DL BWPs may not have the same center frequency in TDD. For example, the RedCap initial UL BWP can be located at a carrier edge to minimize the PUSCH resource fragmentation while the initial DL BWP which can be shared by RedCap and non-RedCap UEs is in the middle of the carrier (to be co-centered with the non-RedCap initial UL BWP). Consequently, RF retuning between initial UL and DL BWPs will be needed for RedCap UEs. In this case, frequency retuning between DL and UL center frequencies is not expected to be an issue as far as the UE implementation is concerned, considering the relaxed required switching time between DL and UL during initial access. Also, such frequency retuning between DL and UL center frequencies is anyway needed for half-duplex FDD UEs which is acceptable from UE complexity perspective. In addition, the use of initial UL/DL BWPs with different center frequencies can be limited to the initial access stage as the UE can switch to an RRC-configured BWP afterwards.

· Option 2: Same center frequency for UL/DL BWPs (both initial and non-initial BWPs)
In this case, RedCap UEs do not need to perform RF retuning between the UL and DL BWPs in TDD. To enable this option during initial access, it would be beneficial to have the possibility of configuring a separate SIB-configured initial DL BWP for RedCap that can be flexibly aligned with the initial UL BWP (by default, a non-initial DL BWP can be separately configured for RedCap). However, depending on the location of CORESET #0 (configured by MIB), the DL BWP may not contain the entire CORESET #0, and thus RedCap UEs may require RF retuning to monitor CORESET #0 to acquire system information (at least SIB1) updates, but such potential RF retuning is not expected to be frequent. In this case, RedCap UEs may need to support FG “6-1a-BWP operation without restriction on BW of BWP(s)”, implying that an RRC-configured DL BWP does not need to contain both SSB and CORESET #0. We also note that, the potential RF retuning can be avoided when it is possible to place CORESET #0 towards the edge of the carrier. 
In our view, Option 1 is more desired as all concerns regarding the PUSCH resource fragmentation and the presence of SSB and CORESET #0 within the initial DL BWP are resolved.

2.3	Network energy/spectral efficiency and signaling overhead
Another important consideration is network energy/spectral efficiency and signaling overhead. Specifically, while considering the UE complexity/power consumption, it is important to minimize signaling overhead and, in particular, transmissions of additional SSBs for supporting RedCap. In general, always transmitting additional SSBs is not desired from network energy/spectral efficiency as well as from inter-cell interference perspectives. Therefore, there is a need for specify rules and conditions for transmitting or not transmitting additional SSBs for RedCap based on the scenario. 

2.4	Key enablers for coexistence between RedCap and non-RedCap considering complexity and power consumption
Based on the above discussion and design tradeoffs, we think the following features/solutions are important for RedCap operations.

[bookmark: _Toc83986526]The following features and solutions can be considered for efficient RedCap operations:
· [bookmark: _Toc83986527]The possibility of configuring a separate initial DL BWP for RedCap.
· [bookmark: _Toc83986528]In TDD, considering one of the following options, where Option 1 is preferred:
a. [bookmark: _Toc83986529]Option 1: The center frequencies for initial UL/DL BWPs can be different, but the initial DL BWP always contains the CORESET #0 and SSB.
i. [bookmark: _Toc83986530]This option is preferred as concerns regarding the PUSCH resource fragmentation and the presence of SSB and CORESET #0 within the initial DL BWP are resolved.
b. [bookmark: _Toc83986531]Option 2: The center frequencies for initial UL/DL BWPs are always the same, but the initial DL BWP does not necessarily contain CORESET #0. 
· [bookmark: _Toc83986532]The support of FG “6-1a-BWP operation without restriction on BW of BWP(s)” (applicable to UE-specific BWPs). An RRC-configured DL BWP might not contain both CORESET #0 and SSB.
· [bookmark: _Toc83986533]Conditions for transmitting or not transmitting additional SSBs for RedCap based on the scenario.

3	Separate initial DL BWP
As we discussed in Section 2, using a separate SIB-configured initial DL BWP for RedCap is important for an efficient coexistence of RedCap and non-RedCap UEs and it provides flexibility and offloading benefits. In particular, while preventing the PUSCH resource fragmentation, if the UL/DL center frequency alignment is preferred, it is essential to have the possibility of configuring a separate or additional bandwidth and location for initial DL BWP for RedCap UEs. Related to configuring/defining a separate initial DL BWP for RedCap UEs, we have the following working assumption in RAN1#105-e:
	[bookmark: _Hlk83024166]Working assumption:
· At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case



Moreover, based on the latest feature lead summary (FL13) in RAN1#106-e, the following aspects are under discussion:
	High Priority Proposal 2.2-6o:
1. Regarding random access in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
a. If a separate initial DL BWP for RedCap UEs is configured in FR1, is configured for random access, including CORESET/CSS for random access.
b. If the separate initial DL BWP is only configured for random access but not for paging, then the UE will not shall not expect SSB transmission in the separate initial DL BWP.
i. Note: The network may or may not configure SSB in this case.
2. Regarding paging in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
a. From RAN1 perspective, if a separate initial DL BWP for RedCap UEs is configured in FR1, it can be configured for paging, including CORESET/CSS for paging.
b. FFS: If the separate initial DL BWP is configured for paging, then the UE [expects may expect / will not expect shall not expect] SSB transmission in the separate initial DL BWP.
i. FFS: Note: The network may or may not configure SSB in this case.
3. Regarding CORESET#0 and SIB1 in idle/inactive/connected mode for RedCap UEs in FR1,
a. If a separate initial DL BWP for RedCap UEs is configured in FR1, then the UE will not shall not expect it to contain MIB-configured CORESET#0 or SIB1.
i. Note: The network may or may not configure MIB-configured CORESET#0 or SIB1 to be within the separate initial DL BWP.
b. If an RRC-configured DL BWP is configured in FR1, then the UE will not shall not expect it to contain MIB-configured CORESET#0 or SIB1.
i. Note: The network may or may not configure MIB-configured CORESET#0 or SIB1 to be within the RRC-configured DL BWP.
c. In connected mode, the UE is not required to monitor CORESET#0 periodically for SI updates.
i. FFS: How SI update notifications are indicated to RedCap UEs
4. Regarding connected mode in an RRC-configured active DL BWP for a RedCap UE in FR1,
a. Whether the UE can expect SSB transmission in the RRC-configured active DL BWP depends on its UE capabilities (e.g., whether it supports FG 6-1a or only FG 6-1).
i. A UE not supporting operation without SSB transmission in the RRC-configured active DL BWP may expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to mandatory RedCap UE feature.
ii. A UE optionally supporting operation without SSB transmission in the RRC-configured active DL BWP will not shall not expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to optional RedCap UE feature.
b. FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode
i. Note: According to 38.331 Annex B.2, BWP#0 is considered to be an RRC-configured BWP in BWP#0 configuration option 2 but not in BWP#0 configuration option 1.



Here, we provide our view on the most important aspects of configuring a separate initial DL BWP for RedCap.

Details of the configuration/definition:
The configuration for a separately configured initial DL BWP for RedCap UEs can be signaled in SIB. Specifically, such separate SIB-configured RedCap initial DL BWP can be configured by defining a new information element (IE) e.g., initialDownlinkBWP_RedCap within DownlinkConfigCommonSIB which is carried via SIB1. However, the detailed signaling solution for the configuration of the RedCap initial BWP is up to RAN2.
For Rel-15/16 UEs, the network configures the locationAndBandwidth so that the initial DLBWP contains the entire CORESET#0 of this serving cell in the frequency domain. The UE applies the locationAndBandwidth upon reception of this field (e.g., to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment. Therefore, the UE does not use the location and BW (defined in IE locationAndBandwidth) for its initial DL BWP during the initial access. For RedCap UEs, however, the SIB-configured initial DL BWP with specified IE locationAndBandwidth should be used during the initial access as well. In this case, after reception of CORESET #0 and decoding SIB1, the RedCap UE can switch to the separate SIB-configured initial DL BWP during the initial access. Such flexibility in the location of the initial DL BWP during initial access is beneficial for TDD UL/DL center frequency alignment when the initial UL BWP is located at the edge of the carrier to minimize the PUSCH resource fragmentation. Moreover, having a separate SIB configured initial DL BWP during initial access can be beneficial for offloading purposes for both FDD and TDD scenarios. 
Also, the configuration of a DL BWP will naturally contain configuration of CORESET(s) and CSS(s). In fact, according to TS 38.213 Clause 12, the UE does not expect to be configured without a CSS set on the PCell:
	For each DL BWP in a set of DL BWPs of the PCell, or of the PUCCH-SCell, a UE can be configured CORESETs for every type of CSS sets and for USS as described in Clause 10.1. The UE does not expect to be configured without a CSS set on the PCell.



In particular, if a separate initial DL BWP is configured for RedCap, it should contain the configuration of CORESET/CSS for random access.
[bookmark: _Toc83986553]For RedCap UEs, the IE locationAndBandwidth specified in the SIB-configured initial DL BWP can be applied and used during the initial access.
[bookmark: _Toc83986554]A separate initial DL BWP for RedCap should contain configurations of CORESET/CSS at least for random access.

Whether a separate SIB-configured initial DL BWP contains the entire CORESET #0:
The key motivation of configuring a separate SIB-configured initial DL BWP for RedCap is that it enables the TDD UL/DL center frequency alignment when the initial UL BWP is placed at the edge of the carrier for minimizing the PUSCH resource fragmentation. In TDD scenarios, if the initial UL BWP and initial DL BWP for RedCap UEs should have the same center frequency, the DL BWP also needs to be placed close to the edge of the carrier. A separate initial DL BWP can also be beneficial for offloading during the initial access. Here, two cases can be considered for RedCap:
· Case 1: Separate initial DL BWP does not necessarily contain the entire CORESET #0.
In this case, the location of the SIB-configured initial DL BWP is not constrained with the frequency location of CORESET #0 and, hence, there is flexibility in placing the initial DL BWP. For example, in a TDD scenario with initial UL BWP being located at the edge of the carrier, the initial DL BWP can also be placed close to the edge of the carrier and be co-centered with the initial UL BWP. Meanwhile, when the initial DL BWP does not contain the entire CORESET #0, there is also a benefit from offloading perspective. However, since the UE needs to rely on CORESET #0 at least for acquiring SIB1, it may need to switch to CORESET #0 when the initial DL BWP does not contain the entire CORESET #0. Note that after decoding MIB, the UE has the required information (e.g., CORESET #0 configuration) for acquiring SIB1. Therefore, SIB1 must be scheduled using CORESET #0 as it is not possible to configure a separate CORESET for SIB1 in the MIB which only has 1 spare bit left. Thus, we can only have one MIB-configured CORESET #0. SIB1 also provides information about availability and scheduling (e.g., periodicity, SI-window size) of other SIBs (SIBx with x>1, e.g., SIB2, SIB3, etc.) which may or may not be scheduled using CORESET #0. Hence, if the SIB-configured initial DL BWP does not contain the entire CORESET #0, a RedCap UE may need to switch to CORESET #0 for SIB1 (and potentially other SIBs) updates. We note that, when the RedCap initial DL BWP contains the configurations of CORESET/CSS for random access and paging, the UE is not expected to retune periodically to monitor CORESET#0. The UE would only need to retune to read SIB1 when there is SI update notification in the paging DCI, and this is expected to happen infrequently.

[image: ]
[bookmark: _Ref82193075][bookmark: _Ref82193067]Figure 1: Initial UL/DL BWPs configurations in TDD (RedCap DL BWP does not cover CORESET #0).

· Case 2: Separate initial DL BWP must contain the entire CORESET #0.
In this case, like Rel-15/16 NR UEs the initial DL BWP contains the entire CORESET #0 thus it can receive SIB without any need for RF retuning. However, if CORESET #0 is not located close to the edge carrier, the initial DL BWP will not be at the edge. Consequently, in TDD, when the initial UL BWP is located at the carrier edge, the initial DL BWP may not have the same center frequency which results in the RF retuning between UL BWP and DL BWP center frequencies. Further, due to the RedCap UE bandwidth limitation, a separate initial DL BWP that contains CORESET #0 does not provide considerable offloading benefits. Note that, in TDD, the following two conditions may not be simultaneously satisfied: 1) Initial DL BWP contains CORESET #0 and 2) Center frequency alignment for initial UL/DL BWPs. As an example, Figure 1 illustrate a configuration of TDD initial UL/DL BWPs in which the RedCap initial DL BWP cannot cover CORESET #0 if it is aligned with the RedCap initial UL BWP located at the carrier edge. Therefore, the if the separate initial DL BWP for RedCap must contain CORESET #0, it must also be allowed to have different center frequencies for initial UL and DL BWPs in TDD. 
In terms of RF retuning, the potential RF retuning needed for acquiring SIB1 (and potentially other SIBs) updates (scheduled using CORESET #0) is not frequent. Also, in terms of flexibility and offloading (if needed), Case 1 outperforms Case 2.
[bookmark: _Toc79132265][bookmark: _Toc79132760][bookmark: _Toc79135192][bookmark: _Toc79135460][bookmark: _Toc79135585][bookmark: _Toc79135699][bookmark: _Toc79135800][bookmark: _Toc79135894][bookmark: _Toc79135985][bookmark: _Toc79136094][bookmark: _Toc79137597][bookmark: _Toc79137641][bookmark: _Toc79145768][bookmark: _Toc83986555]In TDD, the separate initial DL BWP for RedCap does not need to contain the entire CORESET #0. 

Supported bandwidths in the separate initial DL BWP:
The bandwidth of a MIB-configured initial DL BWP (i.e., CORESET #0) can be 24, 48, or 96 PRBs. The bandwidth and location of a SIB-configured initial DL BWP is determined based on a resource indicator value (RIV) provided in IE locationAndBandwidth in the BWP configuration. For non-RedCap UEs the size of the BWP can be up to the maximum UE bandwidth. Similarly, for RedCap UEs the bandwidth of the separate initial DL BWP can have any value up to the maximum UE bandwidth (i.e., 20 MHz in FR1 and 100 MHz in FR2). 

Whether to transmit additional SSB:
This aspect will be discussed for both initial DL BWP and non-initial BWP in Section 6.

[bookmark: _Hlk67306131]4 	Initial UL BWP
For initial UL BWP, according to RAN1#105-e agreements:
	· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning 



	Agreements:
· 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.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.




The advantage of configuring a separate initial UL BWP for RedCap UEs is that the issues related to PUCCH/PUSCH transmissions and FDM-ed RACH occasions are resolved as the separate initial UL BWP can be defined to be within the RedCap UE bandwidth.	
[bookmark: _Toc79132268][bookmark: _Toc79132763][bookmark: _Toc79135195][bookmark: _Toc79135463][bookmark: _Toc79135588][bookmark: _Toc79135702][bookmark: _Toc79135803][bookmark: _Toc79135897][bookmark: _Toc79135988][bookmark: _Toc79136097][bookmark: _Toc79137600][bookmark: _Toc79137644][bookmark: _Toc79145771][bookmark: _Toc83986556]Confirm the main bullet of the working assumption from RAN1#105-e that “both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.”.
[bookmark: _Toc83986557]Confirm the second sub-bullet of the working assumption from RAN1#105-e that “Support the case when the center frequency is assumed to be the same for the initial DL and UL BWPs in TDD.”.

However, one important issue of separate initial UL BWP for RedCap and non-RedCap UEs is resource fragmentation for PUSCH due to PUCCH transmissions. Note that, according to the WID ‎[1], coexistence with non-RedCap UEs needs to be ensured. Therefore, while supporting RedCap UEs, it is important to minimize the impact on non-RedCap UEs. In particular, it is essential to minimize or avoid PUSCH resource fragmentation to maintain the performance of non-RedCap UEs, as analyzed in our companion contribution ‎[3].

4.1 	PUSCH resource fragmentation
Configuring a separate initial UL BWP for RedCap which occupies a portion of an available carrier bandwidth will fragment the bandwidth and prevents non-RedCap UEs from utilizing the entire available carrier. When the number of RedCap transmissions is large, such PUSCH resource fragmentation results in a significant UL peak data rate reduction for non-RedCap UEs that require contiguous frequency allocation in the uplink. Specifically, for non-RedCap UEs not supporting almost contiguous UL CP-OFDM (Feature 2-7 defined in TR 38.822) or resource allocation Type 0 for PUSCH (Feature 5-2 defined in TR 38.822) features, which are optional with capability signaling, the UL peak data rate significantly decreases due to the PUSCH resource fragmentation. Therefore, it is essential to have proper solutions that prevent such PUSCH resource fragmentation from arising in coexistence scenarios where both non-RedCap and RedCap UEs are present. 
[bookmark: _Toc83986534]Any PUSCH resource fragmentation reduces the UL peak data rate for non-RedCap UEs which do not support non-contiguous PUSCH frequency resource allocation.

In order to avoid or minimize the PUSCH 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, as illustrated in Figure 2. 

[image: ]
[bookmark: _Ref68079522]Figure 2: RedCap initial BWP at the edge of non-RedCap BWP with disabled RedCap PUCCH frequency hopping.

[bookmark: _Toc83986535]If a separate initial UL BWP is configured for RedCap UEs, the PUSCH resource fragmentation can be minimized by placing the RedCap initial UL BWP at one carrier edge and disabling the PUCCH frequency hopping. 

Also, in our view, it is sufficient to disable the PUCCH frequency hopping via SIB. Further, since as long as there is an active non-RedCap UE in the cell, the PUCCH frequency hopping needs to be disabled for all RedCap UEs in the cell, it is desired to enabled/disabled the PUCCH frequency hopping via SI broadcast. We also note that in case of dedicated PUCCH configuration in connected mode (i.e., in PUCCH-Config), the PUCCH frequency hopping is not dynamically controlled. Therefore, we have the following proposal which is the revised version of the corresponding working assumption from RAN1#106-e: 
[bookmark: _Toc83986558]The PUCCH frequency hopping is enabled/disabled via SIB.
[bookmark: _Toc68642482][bookmark: _Toc68642601][bookmark: _Toc68642865][bookmark: _Toc68643028]
4.2	UL/DL center frequency in TDD
As we previously discussed, the RedCap initial UL BWP may need to be placed at a carrier edge to minimize the PUSCH resource fragmentation. For the RedCap initial DL BWP, there are two options in TDD: 1) always having the same center frequency as the initial UL BWP, and 2) potentially having different center frequencies than the initial UL BWP. 
4.2.1	Same center frequency for initial UL/DL BWPs
If a separate initial UL BWP for RedCap is defined, a separate initial DL BWP can also be defined with the same center frequency for initial UL and DL BWPs in TDD. In this case, to minimize the PUSCH resource fragmentation, both initial UL and DL BWPs for RedCap UEs should be placed at one edge of the non-RedCap initial UL BWP (which can be up to the entire available carrier). In Figure 3, we illustrate an example of initial DL/UL BWPs configuration for RedCap and non-RedCap in TDD. As we can see, the RedCap initial UL BWP with disabled PUCCH frequency hopping is located at the edge of the non-RedCap initial UL BWP. Also, the RedCap initial DL BWP has the same center frequency as the UL BWP. 
Depending on the scenario and the location of CORESET #0, the RedCap initial DL BWP may or may not contain the MIB-configured CORESET #0. For example (Scenario 1 below), when the initial DL BWP is considerably smaller than non-RedCap initial UL BWP as shown in Figure 3, the separate RedCap initial DL BWP does not contain CORESET #0. In this case, RedCap UEs may require RF retuning to monitor the MIB-configured CORESET #0 (and potentially SSB) to acquire system information (e.g., SIB1) updates, but note that such potential RF retuning is not expected to be frequent. 
In another scenario (Scenario 2 below) 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 and SSB near the carrier edge, as illustrated in Figure 4. This scenario corresponds to the case presented in ‎[4]. In this case, the sperate initial DL BWP for RedCap can contain CORESET #0 and SSB. Note that in this case RedCap can also use the MIB-configured CORESET #0 as its initial DL BWP thus it is not necessary to configure a separate SIB-configured initial DL BWP for RedCap.

· [bookmark: _Hlk82788005]Scenario 1: Non-RedCap initial DL BWP considerably smaller than non-RedCap initial UL BWP:


[image: ]
[bookmark: _Ref70845285]Figure 3: Example of DL/UL initial BWPs configuration for RedCap and non-RedCap in TDD (RedCap initial DL BWP does not cover CORESET #0).


· Scenario 2: Non-RedCap initial DL BWP has similar size as non-RedCap initial UL BWP:


[image: ]
[bookmark: _Ref82790340]Figure 4: Example of DL/UL initial BWPs configuration for RedCap and non-RedCap in TDD (RedCap initial DL BWP covers CORESET #0 and SSB).
Clearly, it is not always possible to place CORESET #0 close to the carrier edge to be within the RedCap initial DL BWP. Therefore, depending on the scenario, while avoiding the PUSCH resource fragmentation, the following aspects may not be simultaneously reached: 1) TDD UL/DL center frequency alignment, and 2) the RedCap DL BWP containing CORESET #0. 
[bookmark: _Toc83986536]Depending on the scenario, while avoiding the PUSCH resource fragmentation, the following aspects may not be simultaneously reached: 1) TDD UL/DL center frequency alignment, and 2) the RedCap DL BWP containing CORESET #0. 
[bookmark: _Toc83986537]In case a separate RedCap initial UL BWP is configured, the UL/DL center frequency alignment in TDD can be ensured by configuring a separate initial DL BWP for RedCap which may or may not contain the MIB-configured CORESET #0.
[bookmark: _Toc83986538]If a separate initial DL BWP is not configured for RedCap and CORESET #0 can be placed near the carrier edge, the centre frequency can be the same for the MIB-configured initial DL BWP (CORESET #0) and the separate initial UL BWP in TDD.

4.2.2	Different center frequencies for initial UL/DL BWPs
The support of different center frequencies for initial UL/DL BWPs has several advantages. Specifically, with this solution the PUSCH resource fragmentation can be avoided while the initial DL BWP can contain CORESET #0 and SSB (at least in FR1). For example, the initial DL BWP (containing CORESET #0) which can be shared between RedCap and non-RedCap UEs can be in the middle of the carrier in TDD scenarios, as illustrated in Figure 5. In this case, for RedCap UEs the condition of co-centering initial DL and UL BWPs in TDD scenarios needs to be relaxed to allow placing initial UL and DL BWPs in different locations. For instance, the initial UL BWP can be located at a carrier edge while the initial DL BWP may need to be placed at the center of the carrier in order to contain CORESET #0 when it is around the carrier center. Consequently, RF retuning between UL and DL BWPs will be needed. Frequency retuning between DL and UL center frequencies is not expected to be an issue as far as the UE implementation is concerned, considering the relaxed required switching time between DL and UL during initial access. Also, such frequency retuning between DL and UL center frequencies is anyway needed for half-duplex FDD UEs which is acceptable from UE complexity perspective.

[image: ]
[bookmark: _Ref77755740]Figure 5: RedCap UL/DL initial BWPs with separate center frequencies in TDD.

[bookmark: _Toc79132739][bookmark: _Toc79135175][bookmark: _Toc79135440][bookmark: _Toc79135568][bookmark: _Toc79135682][bookmark: _Toc79135783][bookmark: _Toc79135877][bookmark: _Toc79135968][bookmark: _Toc79136077][bookmark: _Toc79137580][bookmark: _Toc79137624][bookmark: _Toc79145751][bookmark: _Toc79146106][bookmark: _Toc79132740][bookmark: _Toc79135176][bookmark: _Toc79135441][bookmark: _Toc79135569][bookmark: _Toc79135683][bookmark: _Toc79135784][bookmark: _Toc79135878][bookmark: _Toc79135969][bookmark: _Toc79136078][bookmark: _Toc79137581][bookmark: _Toc79137625][bookmark: _Toc79145752][bookmark: _Toc79146107][bookmark: _Toc83986539]In TDD when a separate initial UL BWP is configured for RedCap, the PUSCH resource fragmentation can be minimized by considering one of the following options for RedCap:
· [bookmark: _Toc83986540]Option 1 (preferred): The center frequencies for initial UL/DL BWPs can be different, but the initial DL BWP always contains the CORESET #0 and SSB.
· [bookmark: _Toc83986541]Option 2: The center frequencies for initial UL/DL BWPs are always the same, but the initial DL BWP does not necessarily contain CORESET #0.
[bookmark: _Toc83986542]During initial access, frequency retuning between initial DL and UL BWPs center frequencies is not expected to be an issue as far as the UE implementation is concerned, given the relaxed required switching time between DL and UL during initial access.
[bookmark: _Toc83986543]By supporting different center frequencies for initial UL/DL BWPs for RedCap in TDD, the initial DL BWP can always contain CORESET#0 and SSB while minimizing the PUSCH resource fragmentation.
[bookmark: _Toc83986559]In TDD, support different center frequencies for initial UL/DL BWPs for RedCap. Alternativity, to achieve initial UL/DL BWPs center frequency alignment, the initial DL BWP does not necessarily contain CORESET #0. 

4.3	RACH occasions
Related to RACH occasions, we have the following working assumptions:
	Agreements:
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.


Working assumption:
· [bookmark: _Hlk78896456]Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.




The possibility of configuring a separate initial UL BWP which includes RACH occasions (RO) for RedCap UEs can ensure that ROs associated with the best SSB falls within the RedCap UE bandwidth. In addition, this can be beneficial for the early UE identification if dedicated RACH resources are used for RedCap UEs. However, the potential drawbacks of this solution include increased gNB processing for PRACH, PRACH resource fragmentation, and reduced resource utilization efficiency. Therefore, it is highly desired to share ROs/preambles between RedCap and non-RedCap UEs. 
[bookmark: _Toc83986560]Confirm the working assumption from RAN1#105-e that both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs, with the possibility of RO sharing between RedCap and non-RedCap.
[bookmark: _Toc83986561]Confirm the working assumption from RAN1#105-e that for enabling/supporting that the RO associated with the best SSB falls within the RedCap UE bandwidth, a separate initial UL BWP for RedCap UEs is supported. This initial UL BWP includes dedicated ROs for RedCap or shared ROs between RedCap and non-RedCap.
[bookmark: _Toc78986553][bookmark: _Toc78990489][bookmark: _Toc78990532][bookmark: _Toc78990575][bookmark: _Toc79132745][bookmark: _Toc79135181][bookmark: _Toc79135446][bookmark: _Toc79135574][bookmark: _Toc79135688][bookmark: _Toc79135789][bookmark: _Toc79135883][bookmark: _Toc79135974][bookmark: _Toc79136083][bookmark: _Toc79137586][bookmark: _Toc79137630][bookmark: _Toc79145757][bookmark: _Toc78986554][bookmark: _Toc78990490][bookmark: _Toc78990533][bookmark: _Toc78990576][bookmark: _Toc79132746][bookmark: _Toc79135182][bookmark: _Toc79135447][bookmark: _Toc79135575][bookmark: _Toc79135689][bookmark: _Toc79135790][bookmark: _Toc79135884][bookmark: _Toc79135975][bookmark: _Toc79136084][bookmark: _Toc79137587][bookmark: _Toc79137631][bookmark: _Toc79145758][bookmark: _Toc79146113][bookmark: _Toc78986555][bookmark: _Toc78990491][bookmark: _Toc78990534][bookmark: _Toc78990577][bookmark: _Toc79132747][bookmark: _Toc79135183][bookmark: _Toc79135448][bookmark: _Toc79135576][bookmark: _Toc79135690][bookmark: _Toc79135791][bookmark: _Toc79135885][bookmark: _Toc79135976][bookmark: _Toc79136085][bookmark: _Toc79137588][bookmark: _Toc79137632][bookmark: _Toc79145759][bookmark: _Toc79146114][bookmark: _Toc83986544]It is desired to share RACH occasions between RedCap and non-RedCap UEs to avoid PRACH resource fragmentation and maintain resource utilization efficiency.
[bookmark: _Toc83986562]RACH resources can be shared between RedCap and non-RedCap UEs.

4.4	PUCCH transmissions during initial access
Regarding PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions during initial access, we have the following working assumption and FFS:
	Working assumption:
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)


[bookmark: _Toc68640497][bookmark: _Toc68640614][bookmark: _Toc68640758][bookmark: _Toc68640930][bookmark: _Toc68642479][bookmark: _Toc68642598][bookmark: _Toc68642862][bookmark: _Toc68643025]
	Agreements:
· 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.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.




[bookmark: _Toc68606801][bookmark: _Toc68640479][bookmark: _Toc68640596][bookmark: _Toc68640740][bookmark: _Toc68640912][bookmark: _Toc68642460][bookmark: _Toc68642579][bookmark: _Toc68642843][bookmark: _Toc68643006][bookmark: _Toc71530329][bookmark: _Toc71530390][bookmark: _Toc71530462][bookmark: _Toc71530644][bookmark: _Toc71539250]A separate initial UL BWP can be configured to ensure that PUCCH/PUSCH transmissions fall within the UE bandwidth. However, it is essential to prevent PUSCH resource fragmentation by relying on a separate PUCCH/PUSCH configuration/indication for RedCap. As agreed in RAN1#106-e, 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. To this end, there is a need for a new PUCCH configuration with the possibility of disabling PUCCH frequency hopping. For example, for RedCap UEs, a new information element can be added in PUCCH-ConfigCommon in SIB1 to indicate whether the PUCCH frequency hopping for RedCap UEs is enabled or disabled.
[bookmark: _Toc83986563]Replace the working assumption from RAN1#105-e regarding PUCCH (for Msg4/[MsgB] HARQ feedback) and PUSCH (for Msg3/MsgA) transmissions with the following: 
· [bookmark: _Toc83986564]For enabling/supporting that PUCCH (for Msg4/MsgB HARQ feedback) and/or PUSCH (for Msg3/MsgA) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· [bookmark: _Toc83986565]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 details of such configuration/indication should be discussed in RAN2.

[bookmark: _Toc79055078][bookmark: _Toc79146133]5	Non-initial BWP and feature group 6-1a

	Agreements: Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.




Regarding UE features in TR 38.822 ‎[9], under feature “6. CA/DC, BWP, SUL”, feature groups (FGs) FGs 6-1 and 6-1a related to the BWP operation (as listed in Table 1) are relevant for RedCap. 
[bookmark: _Toc67770514][bookmark: _Toc67908110][bookmark: _Toc68187652][bookmark: _Toc68290575]
[bookmark: _Ref70790649]Table 1: UE feature list for BWP operation ‎[9].
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET #0 (if CORESET #0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	
	This feature should be mandatory without capability signaling for at least BWPs which is the same as the set of specified channel BW

UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	Mandatory without capability signaling

	6-1a
	BWP operation without restriction on BW of BWP(s)
	BW of UE-specific RRC configured BWP may not include BW of the CORESET #0 (if CORESET #0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell
	6-1, 6-2, 6-3, or 6-4
	6-1a is applicable to 6-1, 6-2, 6-3, or 6-4.
	Optional with capability signaling



Below, we will discuss two benefits of supporting FG 6-1a: non-initial UL/DL BWPs in TDD, and SSB/CORESET #0 multiplexing.


Benefit 1: Support of same center frequency for non-initial UL/DL BWPs in TDD:
Generally, it is desired to place UL BWPs close to the edges of a given carrier to minimize the PUSCH resource fragmentation due to PUCCH transmissions. In TDD scenarios, to maintain the same center frequency for non-initial UL/DL BWPs, the DL BWP also needs to be placed close to the edge of the carrier, as illustrated in Figure 6. For RedCap UEs with reduced bandwidth, the DL BWP may not cover the entire CORESET #0 (and/or SSB). This case is more likely in FR1 with only 20 MHz RedCap UE bandwidth than in FR2 with a 100 MHz bandwidth. Therefore, the DL BWP may not contain CORESET #0 (and/or SSB), and thus BWP operation with restriction may not be always feasible for RedCap UEs. 

[bookmark: _Toc83986545]In TDD scenarios, to avoid PUSCH resource fragmentation while maintaining the same center frequency for non-initial UL/DL BWPs, the non-initial DL BWP for RedCap UEs may not contain CORESET #0 (and/or SSB) and, thus, the BWP operation with restriction may not be always feasible.
[bookmark: _Toc79132751][bookmark: _Toc79135451][bookmark: _Toc79132752][bookmark: _Toc79135452]

[image: ]
[bookmark: _Ref75183718]Figure 6: RedCap non-initial UL/DL BWPs located the carrier edge in TDD (DL BWP does not contain the entire CORESET #0).

Benefit 2: Support of SSB/CORESET #0 multiplexing
As we can see from FG “6-1: Basic BWP operation with restriction”, it is mandatory for the non-RedCap UEs to support BWP with bandwidth restriction, i.e., an RRC configured DL BWP includes 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 pattern in FR2, namely pattern 2 for 240 kHz SSB and 120 kHz PDCCH SCS. Based on ‎[8] (TS 38. 213, Table 13-10), only the cases listed in Table 2 result in a total bandwidth larger than 100 MHz (around 126-128 MHz) which exceed the RedCap UE bandwidth in FR2. In the table, kssb is the number of subcarriers indicating SSB offset from the PRB grid.

[bookmark: _Ref71591472]Table 2: Cases that exceed RedCap UE bandwidth in FR2, {SS/PBCH block, PDCCH} SCS is {240, 120} kHz, multiplexing pattern 2.
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	6
	2
	48
	1
	-41 if kssb=0
-42 if kssb>0

	7
	2
	48
	1
	49



In order to have a full flexibility, a cell supporting RedCap can be allowed to use all SSB/CORESET #0 configurations. To this end, in addition to FG 6-1, RedCap UEs may also be required to support FG 6-1a implying that an RRC configured DL BWP does not need to contain both SSB and CORESET #0. 
[bookmark: _Toc83986546]The support of FG 6-1a is beneficial for minimizing PUSCH resource fragmentation, UL/DL center frequency alignment for non-initial BWPs, and it allows supporting all SSB/CORESET #0 configurations.

 We also note that there can be two interpretations of FG 6-1a, as discussed in RAN1#106-e:
· FG 6-1aa: BW of UE-specific RRC configured BWP may not include BW of the CORESET #0 or SSB, but the active DL BWP and both of SSB and CORESET #0 are contained within the max RedCap UE BW.
· FG 6-1ab: BW of UE-specific RRC configured BWP may not include BW of the CORESET #0 or SSB, and the active DL BWP and one or both of SSB and CORESET #0 may span a BW that exceeds the max RedCap UE BW.

Given the limited bandwidth of RedCap UEs, FG 6-1ab should be considered for RedCap.
[bookmark: _Toc71530041][bookmark: _Toc71530135][bookmark: _Toc71530185][bookmark: _Toc71530264][bookmark: _Toc71530340][bookmark: _Toc71530042][bookmark: _Toc71530136][bookmark: _Toc71530186][bookmark: _Toc71530265][bookmark: _Toc71530401][bookmark: _Toc71530341][bookmark: _Toc71530402][bookmark: _Toc71530474][bookmark: _Toc71530475]
6 	SSB transmissions in DL BWP
Transmission of additional SSBs results in significant overhead, increased inter-cell interference, and reduced network energy/spectral efficiency. Such negative impacts are particularly pronounced in FR2 in which up to 64 SSBs may need to be transmitted (i.e., one SSB per beam) may need to be transmitted. Moreover, since multiple BWPs can be configured for RedCap UEs, the overhead can be significant if additional SSBs need to be transmitted in all DL BWPs. For example, in a 40 MHz TDD carrier with three RedCap-specific DL BWPs, the additional overhead of SSB transmissions can be over 6%. Meanwhile, the UE may need to monitor SSB for the time-frequency synchronization and RRM measurement purposes. In general, it is not efficient to always transmit additional SSBs if a DL BWP does not contain an SSB. In the following, we discuss different scenarios related to SSB transmissions in a DL BWP. 
[bookmark: _Toc83986547]Transmitting additional SSBs in every DL BWP results in significant overhead, increased inter-cell interference, and reduced network energy/spectral efficiency. 
[bookmark: _Toc83986548]In a 40 MHz TDD carrier with three RedCap-specific DL BWPs, the additional overhead of SSB transmissions can be over 6%.

6.1	Initial UL/DL BWPs with different center frequencies in TDD 
The support of different center frequencies for initial UL/DL BWPs in TDD resolves all the potential concerns regarding the PUSCH resource fragmentation and the presence of SSB and CORESET #0 within the initial DL BWP. Specifically, the initial UL BWP can be placed at the edge while the initial DL BWP can be placed where it can contain both SSB, CORESET #0, and CSSs for SI, random access, and paging. 

[image: ]
Figure 7: TDD initial UL/DL BWPs with different center frequencies for RedCap (initial DL BWP contains SSB and CORESET #0).

[bookmark: _Toc83986549]With the support of separate center frequencies for initial UL/DL BWPs in TDD during initial access, all concerns regarding the PUSCH resource fragmentation and the presence of SSB and CORESET #0 within the initial DL BWP are resolved.
[bookmark: _Toc83986566]During initial access, support the possibility of having different TDD initial UL/DL BWPs center frequencies for RedCap to ensure that the initial DL BWP contains SSB and CORESET #0. 

6.2	Separate initial DL BWP only for random access 
To avoid PUSCH resource fragmentation for non-RedCap UEs, it is desired to place the UL BWPs used for RedCap UEs near the carrier edge. Then, in TDD, if it is necessary to achieve center frequency alignment the corresponding DL BWPs for RedCap UEs would also need to be placed near the carrier edge.
The above mainly concerns random access and connected mode operation. When the UE is only monitoring paging in idle mode and not transmitting anything in UL, the DL BWP does not need to be near the carrier edge. If for every DL BWP that is used for paging the network needs to constantly transmit SSB, then it may not be preferrable to use a separate DL BWP for paging. Since gNB has no idea whether there are RedCap UEs in the cell that might eventually need to be paged, gNB would be forced to transmit SSB all the time even if there are no RedCap UEs around. This is not an attractive solution, especially not in an initial deployment stage where the number of RedCap UEs may not be large to potentially motivate this cost on the network side.
If no separate DL BWP is configured for paging and instead the RedCap UE is camping and monitoring paging, e.g., in the center of the carrier together with non-RedCap UEs, the RedCap UE will be able to receive SSB there. Then, once the UE needs to perform random access, it can move to the separate BWPs configured for random access, and its latest SSB measurement can be useful also for random access in the separate BWP for random access.

[image: ]
Figure 8: RedCap uses MIB-configured CORESET #0/SSB for paging and then switches to a separate initial DL BWP for random access.

[bookmark: _Toc83986550]In inactive/idle mode, the RedCap UE can rely on the MIB-configured CORESET #0 and legacy SSB for paging and then switch to a separate initial DL BWP for random access.
[bookmark: _Toc83986567]If the separate initial DL BWP is only configured for random access, then the UE does not expect SSB transmission in the separate initial DL BWP. In this case, the network may or may not configure an SSB in the separate initial DL BWP for RedCap.

6.3	Separate initial DL BWP for paging and random access
In case the separate initial DL BWP is used for both paging and random access, the UE can rely on RF retuning to acquire an SSB when it is not present in the separate initial DL BWP. For example, during DRX inactive times, the RedCap UE can retune to the legacy SSB for time-frequency tracking and RRM measurements then retune back to the initial DL BWP to avoid any interruption during DRX ON periods. In this case, it can be ensured that the UE does not miss paging. The network can provide SSB measurement timing configuration (SMTC) comprising various parameters such as SMTC periodicity which can be {5 ms, 10 ms, 20 ms, 40 ms, 80 ms, 160 ms}. With proper configuration of DRX cycle (e.g., long DRX) and SMTC periodicity (e.g., small periodicity), the RedCap UE can have sufficient time and flexibility to acquire the legacy SSB located outside its initial DL BWP. Therefore, depending on the SSB monitoring periodicity and the DRX cycle, additional SSBs are not required to be transmitted in the separate initial DL BWP for RedCap.
[image: ]
Figure 9: RedCap acquiring legacy SSB during DRX inactive time

[bookmark: _Toc83986551]In case the separate initial DL BWP is used for both paging and random access, the RedCap UE can rely on RF retuning to acquire legacy SSB during DRX inactive time.
[bookmark: _Toc83986568]Whether the network configures an additional SSB to be transmitted in the separate initial DL BWP for RedCap should be based on the SSB monitoring periodicity (i.e., SMTC configuration) and the DRX cycle. 
[bookmark: _Toc83986569]In TDD, whether an additional SSB is transmitted in a separate initial DL BWP for RedCap, is based on the following conditions:
· [bookmark: _Toc83986570]Additional SSBs may or may not be transmitted if DRX cycle ≥ T1 (e.g., 1280 ms)
· [bookmark: _Toc83986571]Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T2 (e.g., 20 ms)
· [bookmark: _Toc83986572]Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T3 and DRX cycle ≥ T4 (e.g., T3 = 40 ms, T4= 640 ms)
· [bookmark: _Toc83986573]Otherwise, additional SSBs are transmitted.

6.4	RRC-configured active DL BWP
As we discussed in Section 5 of this contribution, FG 6-1 and FG 6-1a are relevant features for RRC-configured active DL BWP operations. Based on FG 6-1a, BW of UE-specific RRC configured BWP may not include BW of the CORESET #0 (if CORESET #0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell. For RedCap UEs, FG 6-1a provides two key benefits: 1) enables having the same center frequency for non-initial UL/DL BWPs in TDD while avoiding the PUSCH resource fragmentation, and 2) allows supporting all SSB/CORESET #0 configurations in FR1 and FR2 (i.e., multiplexing patterns 1, 2, and 3). 
While FG 6-1a is optional for Rel-15/16 NR UEs, it does not necessarily mean supporting it considerably increases the UE complexity. For non-RedCap UEs with 100 MHz BW in FR1, it is very likely that the DL BWP contains both SSB and CORESET #0 thus FG 6-1a may not be needed in most cases. For RedCap with the reduced BW, the support of FG 6-1a will be highly beneficial for an efficient coexistence with non-RedCap UEs. Whether additional SSBs are transmitted in an RRC-configured active DL BWP depends on the UE capability. If RedCap supports FG 6-1a, then additional SSBs are not needed to be transmitted in an RRC-configured active DL BWP. In addition, as discussed in Section 6.3, whether the network configures an additional SSBs to be transmitted in the DL BWP for RedCap can be based on the SSB monitoring periodicity (i.e., SMTC configuration) and the DRX cycle.
[bookmark: _Toc83986574]For RedCap UEs supporting FG 6-1a, the network may or may not transmit additional SSBs in an RRC-configured active DL BWP.

Note that, since it may not be possible to always place CORESET #0 near the carrier edge, the DL BWP may not contain CORESET #0. Therefore, even if additional non-cell defining SSBs (non-CD SSBs) are transmitted in the RedCap DL BWP, it may not contain CORESET #0 thus it may not fulfil FG 6-1 requirement. This can be considered as a special case of FG 6-1a in which RRC-configured DL BWP contains SSB but not CORESET #0 (as shown in Figure 10). 
Moreover, as discussed in Section 5 of this contribution, RedCap UEs are not able to simultaneously receive SSB and CORESET #0 for one special CORESET #0/SSB multiplexing pattern in FR2, namely pattern 2 for 240 kHz SSB and 120 kHz PDCCH SCS. Therefore, in this case the RRC-configured DL BWP cannot contain both SSB and CORESET #0. 

[image: ]
[bookmark: _Ref82448923]Figure 10: RedCap non-initial DL BWP containing SSB but not CORESET #0.

Based on the above discussion, we have the following observation and proposal:
[bookmark: _Toc83986552] An RRC-configured active DL BWP may contain SSB but not CORESET #0.
[bookmark: _Toc83986575]The RedCap UE should support FG 6-1a or at least its special case where an RRC-configured DL BWP contains SSB but not CORESET #0.

Based on the above discussions, we have the following compromised proposal regarding transmission of additional SSBs for RedCap.
[bookmark: _Toc83986576]Regarding SSB transmissions in a RedCap DL BWP:
· [bookmark: _Toc83986577]For the separate initial DL BWP, RedCap UEs shall not expect SSB transmissions.
· [bookmark: _Toc83986578]For an RRC-configured active DL BWP, RedCap UEs may expect SSB transmissions.

7	RF retuning for BWP operation
In recent meetings, different aspects of BWP switching, BWP retuning, or BWP hopping have been discussed extensively in contributions and during meeting discussions. In particular, there has been a discussion on whether or not there is a motivation to introduce any new mechanisms or behavior with respect to BWP switching or RF retuning for a RedCap UE compared to legacy behavior. The requirements on BWP switching delay for legacy devices is given by Table 8.6.2-1 in TS 38.133 for DCI based switching:
	Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.






It has been noted in earlier discussions that this BWP switch delay includes a PDCCH decoding delay, and possible modem reconfiguration, and thus that a more constrained RF retuning due to BWP operation for a RedCap device could be envisioned. Several attempts were made to send an LS to RAN4 about the switching delay under various conditions relevant for the BWP operation of a RedCap UE having reduced maximum bandwidth, but no agreement on an acceptable formulation was reached, and no LS was sent. There is neither any consensus on introducing any changed behavior with respect to timing of BWP operation and/or RF retuning for a RedCap UE compared to a legacy UE. This discussion may continue, but Table 8.6.2-1 in TS 38.133 can at least be regarded as indications of upper limits for the expected RF retuning delay. 
In this contribution, we have made observations and proposals which will trigger RF retuning in (at least) any of the following scenarios:
· In TDD, having common center frequencies for initial and non-initial UL/DL BWPs. 
This scenario corresponds to Option 1 in Section 2.2 above. Here, it may be advantageous to configure the UL/DL BWPs for RedCap UEs to be located at the edge of the system bandwidth for avoiding or minimizing PUSCH resource fragmentation. The RedCap UE may then occasionally need to retune to the frequency of the initial DL BWP for non-RedCap UEs, for example to monitor CORESET#0 in order to reacquire SIB1. Due to the infrequent need for such retuning, this switching time may also be moderate without substantial performance loss, nor requiring any increased UE complexity or power consumption. It is possible to introduce constraints or relaxations on DL reception and/or UL transmissions for a RedCap UE in connection with CORESET#0 monitoring, such that any switching can be accommodated within the switching delay requirements applicable for a RedCap UE. Note that such constraints or relaxations may be applicable also in FDD when the active DL BWP does not contain CORESET#0.
· In TDD, having different center frequencies only for initial UL/DL BWPs. 

This scenario corresponds to Option 2 in Section 2.2 above. Due to the relaxed timing between UL and DL transmissions during initial access, there is ample time to perform the RF switching required between reception in the initial DL BWP and transmission in the initial UL BWP. Already with existing configuration parameters in NR, the DL receptions in the initial DL BWP related to system information reception, RAR, Msg4, or Msg3 retransmission requests can be configured to be well separated in time from the UL transmissions related to PRACH, Msg3, and Msg4 acknowledgement. Additional constraints applicable for RedCap UEs may be introduced in the standard such that the BWP switching can always be accommodated within the switching delay requirements applicable for a RedCap UE, for example according to Table 8.6.2-1 in TS 38.133, or any similar type of requirements. 
As an example, the following delays can be configured between the different transmissions during Random Access for legacy UEs using 30 kHz SCS according to Rel-15: 
· The RAR window can generally be configured up to 80 slots, but constrained to maximum 10 ms (=20 slots for 30 kHz SCS).
· The Msg3 transmission can be transmitted up to 6 slots after RAR reception by default, but up to 32 slots if an RRC configured time domain resource allocation table is used for PUSCH.
· The contention resolution window, i.e. the time for monitoring Msg4, can be configured up to 64 subframes, i.e., 128 slots for 30 kHz SCS.
· The Msg4 HARQ acknowledgement can be configured to be transmitted up to 15 slots after Msg4 PDSCH reception.
From this example, it is clear that there is enough time for any possible retuning needed between UL and DL bandwidth parts when they have different center frequencies. Thus, there may be constraints defined for RedCap UEs on acceptable ranges of values for existing configuration parameters in order to guarantee sufficient switching times. If, despite the above, this is not considered enough in some cases, and/or if separate times should apply for legacy and RedCap UEs, it would also be possible to introduce some modified configuration parameters applicable for RedCap devices only. Alternatively, some additional delays applicable for RedCap UEs can be introduced in the standard.
In this scenario, it is expected that non-initial UL and DL BWP(s) are configured with common center frequencies, such that no fast retuning would be required in connected mode during normal DL/UL traffic.
· For RRM/RLM/link recovery measurements on SSB when not transmitted in RedCap DL BWP. 

The need for RRM (and RLM/link recovery) measurements using SSB, and the timing required for the corresponding RF retuning is primarily under RAN4 responsibility. In particular, it is possible for RAN4 to define suitable requirements on such measurement scenarios. This is somewhat similar to the situation already today, in that SSB based measurements, both on serving cell and neighboring cell, would be handled as intra-frequency measurements if the SSBs are located within the bandwidth of the active BWP, and as inter-frequency measurements otherwise. Regardless of the methodology RAN4 decides to use for these measurements, it is up to RAN4 to define RRM measurement requirements depending on whether SSBs are configured in a (SIB-configured) DL BWP for RedCap UEs. As noted in Section 6, this is also related to the configured SSB measurement periodicity and DRX cycles.

[bookmark: _Toc83986579]For TDD, when initial UL/DL BWPs have different center frequencies, UL and DL transmissions during initial access are guaranteed to be configured enough separated in time to accommodate BWP switch delays applicable for RedCap UEs.
[bookmark: _Toc83986580]When the active DL BWP does not contain CORESET#0, consider defining relaxations or constraints on UE operation due to possible required RF retuning for, e.g., occasional system information reception.
[bookmark: _Toc83986581]Inform RAN4 about need to define appropriate measurement requirements for RedCap UEs depending onwhen SSB is not transmitted in an active BWP or not. 

8	Conclusion
In the previous sections we made the following observations: 
Observation 1	The following features and solutions can be considered for efficient RedCap operations:
· The possibility of configuring a separate initial DL BWP for RedCap.
· In TDD, considering one of the following options, where Option 1 is preferred:
a. Option 1: The center frequencies for initial UL/DL BWPs can be different, but the initial DL BWP always contains the CORESET #0 and SSB.
i. This option is preferred as concerns regarding the PUSCH resource fragmentation and the presence of SSB and CORESET #0 within the initial DL BWP are resolved.
b. Option 2: The center frequencies for initial UL/DL BWPs are always the same, but the initial DL BWP does not necessarily contain CORESET #0. 
· The support of FG “6-1a-BWP operation without restriction on BW of BWP(s)” (applicable to UE-specific BWPs). An RRC-configured DL BWP might not contain both CORESET #0 and SSB.
· Conditions for transmitting or not transmitting additional SSBs for RedCap based on the scenario.
Observation 2	Any PUSCH resource fragmentation reduces the UL peak data rate for non-RedCap UEs which do not support non-contiguous PUSCH frequency resource allocation.
Observation 3	If a separate initial UL BWP is configured for RedCap UEs, the PUSCH resource fragmentation can be minimized by placing the RedCap initial UL BWP at one carrier edge and disabling the PUCCH frequency hopping.
Observation 4	Depending on the scenario, while avoiding the PUSCH resource fragmentation, the following aspects may not be simultaneously reached: 1) TDD UL/DL center frequency alignment, and 2) the RedCap DL BWP containing CORESET #0.
Observation 5	In case a separate RedCap initial UL BWP is configured, the UL/DL center frequency alignment in TDD can be ensured by configuring a separate initial DL BWP for RedCap which may or may not contain the MIB-configured CORESET #0.
Observation 6	If a separate initial DL BWP is not configured for RedCap and CORESET #0 can be placed near the carrier edge, the centre frequency can be the same for the MIB-configured initial DL BWP (CORESET #0) and the separate initial UL BWP in TDD.
Observation 7	In TDD when a separate initial UL BWP is configured for RedCap, the PUSCH resource fragmentation can be minimized by considering one of the following options for RedCap:
· Option 1 (preferred): The center frequencies for initial UL/DL BWPs can be different, but the initial DL BWP always contains the CORESET #0 and SSB.
· Option 2: The center frequencies for initial UL/DL BWPs are always the same, but the initial DL BWP does not necessarily contain CORESET #0.
Observation 8	During initial access, frequency retuning between initial DL and UL BWPs center frequencies is not expected to be an issue as far as the UE implementation is concerned, given the relaxed required switching time between DL and UL during initial access.
Observation 9	By supporting different center frequencies for initial UL/DL BWPs for RedCap in TDD, the initial DL BWP can always contain CORESET#0 and SSB while minimizing the PUSCH resource fragmentation.
Observation 10	It is desired to share RACH occasions between RedCap and non-RedCap UEs to avoid PRACH resource fragmentation and maintain resource utilization efficiency.
Observation 11	In TDD scenarios, to avoid PUSCH resource fragmentation while maintaining the same center frequency for non-initial UL/DL BWPs, the non-initial DL BWP for RedCap UEs may not contain CORESET #0 (and/or SSB) and, thus, the BWP operation with restriction may not be always feasible.
Observation 12	The support of FG 6-1a is beneficial for minimizing PUSCH resource fragmentation, UL/DL center frequency alignment for non-initial BWPs, and it allows supporting all SSB/CORESET #0 configurations.
Observation 13	Transmitting additional SSBs in every DL BWP results in significant overhead, increased inter-cell interference, and reduced network energy/spectral efficiency.
Observation 14	In a 40 MHz TDD carrier with three RedCap-specific DL BWPs, the additional overhead of SSB transmissions can be over 6%.
Observation 15	With the support of separate center frequencies for initial UL/DL BWPs in TDD during initial access, all concerns regarding the PUSCH resource fragmentation and the presence of SSB and CORESET #0 within the initial DL BWP are resolved.
Observation 16	In inactive/idle mode, the RedCap UE can rely on the MIB-configured CORESET #0 and legacy SSB for paging and then switch to a separate initial DL BWP for random access.
Observation 17	In case the separate initial DL BWP is used for both paging and random access, the RedCap UE can rely on RF retuning to acquire legacy SSB during DRX inactive time.
Observation 18	An RRC-configured active DL BWP may contain SSB but not CORESET #0.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For RedCap UEs, the IE locationAndBandwidth specified in the SIB-configured initial DL BWP can be applied and used during the initial access.
Proposal 2	A separate initial DL BWP for RedCap should contain configurations of CORESET/CSS at least for random access.
Proposal 3	In TDD, the separate initial DL BWP for RedCap does not need to contain the entire CORESET #0.
Proposal 4	Confirm the main bullet of the working assumption from RAN1#105-e that “both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.”.
Proposal 5	Confirm the second sub-bullet of the working assumption from RAN1#105-e that “Support the case when the center frequency is assumed to be the same for the initial DL and UL BWPs in TDD.”.
Proposal 6	The PUCCH frequency hopping is enabled/disabled via SIB.
Proposal 7	In TDD, support different center frequencies for initial UL/DL BWPs for RedCap. Alternativity, to achieve initial UL/DL BWPs center frequency alignment, the initial DL BWP does not necessarily contain CORESET #0.
Proposal 8	Confirm the working assumption from RAN1#105-e that both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs, with the possibility of RO sharing between RedCap and non-RedCap.
Proposal 9	Confirm the working assumption from RAN1#105-e that for enabling/supporting that the RO associated with the best SSB falls within the RedCap UE bandwidth, a separate initial UL BWP for RedCap UEs is supported. This initial UL BWP includes dedicated ROs for RedCap or shared ROs between RedCap and non-RedCap.
Proposal 10	RACH resources can be shared between RedCap and non-RedCap UEs.
Proposal 11	Replace the working assumption from RAN1#105-e regarding PUCCH (for Msg4/[MsgB] HARQ feedback) and PUSCH (for Msg3/MsgA) transmissions with the following:
· For enabling/supporting that PUCCH (for Msg4/MsgB HARQ feedback) and/or PUSCH (for Msg3/MsgA) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· 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 details of such configuration/indication should be discussed in RAN2.
Proposal 12	During initial access, support the possibility of having different TDD initial UL/DL BWPs center frequencies for RedCap to ensure that the initial DL BWP contains SSB and CORESET #0.
Proposal 13	If the separate initial DL BWP is only configured for random access, then the UE does not expect SSB transmission in the separate initial DL BWP. In this case, the network may or may not configure an SSB in the separate initial DL BWP for RedCap.
Proposal 14	Whether the network configures an additional SSB to be transmitted in the separate initial DL BWP for RedCap should be based on the SSB monitoring periodicity (i.e., SMTC configuration) and the DRX cycle.
Proposal 15	In TDD, whether an additional SSB is transmitted in a separate initial DL BWP for RedCap, is based on the following conditions:
· Additional SSBs may or may not be transmitted if DRX cycle ≥ T1 (e.g., 1280 ms)
· Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T2 (e.g., 20 ms)
· Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T3 and DRX cycle ≥ T4 (e.g., T3 = 40 ms, T4= 640 ms)
· Otherwise, additional SSBs are transmitted.
Proposal 16	For RedCap UEs supporting FG 6-1a, the network may or may not transmit additional SSBs in an RRC-configured active DL BWP.
Proposal 17	The RedCap UE should support FG 6-1a or at least its special case where an RRC-configured DL BWP contains SSB but not CORESET #0.
Proposal 18	Regarding SSB transmissions in a RedCap DL BWP:
· For the separate initial DL BWP, RedCap UEs shall not expect SSB transmissions.
· For an RRC-configured active DL BWP, RedCap UEs may expect SSB transmissions.
Proposal 19	For TDD, when initial UL/DL BWPs have different center frequencies, UL and DL transmissions during initial access are guaranteed to be configured enough separated in time to accommodate BWP switch delays applicable for RedCap UEs.
Proposal 20	When the active DL BWP does not contain CORESET#0, consider defining relaxations or constraints on UE operation due to possible required RF retuning for, e.g., occasional system information reception.
Proposal 21	Inform RAN4 about need to define appropriate measurement requirements for RedCap UEs depending onwhen SSB is not transmitted in an active BWP or not.
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