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1 Introduction
In RAN Plenary #91-e, the objective related to reduced maximum UE bandwidth was updated as the following [1]:
· Reduced maximum UE Bandwidth: 
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of is 20 MHz.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100MHz.
In RAN1 #104-e, following agreements related to reduced maximum UE bandwidth were made [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.
· 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.)
· 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.
Agreements:
1. 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
Agreements:
· [bookmark: _Hlk68612575]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 contribution, we provide our views on reduced maximum UE bandwidth for RedCap UEs.
2 [bookmark: _Hlk861261]Discussion
Initial DL BWP
During initial access, the frequency resource of initial DL BWP is defined as the frequency resource of CORESET 0 configured by MIB. Hence, the bandwidth of the initial DL BWP during initial access is defined by the bandwidth of CORESET 0, which is smaller than or equal to 20 MHz and 100 MHz for FR1 and FR2 respectively, depending on the number of RBs configured for CORESET 0.
An initial DL BWP configured by SIB1 can be used after initial access when dedicated BWP is not configured for a UE. The SIB1 configured initial DL BWP can have bandwidth larger than 20MHz and 100 MHz for FR1 and FR2 respectively. Since it is possible for gNB to configure dedicated DL BWP for RedCap UEs after initial access, there seems to be no need for RedCap UEs to operate in an initial DL BWP with bandwidth larger than the maximum RedCap UE bandwidth after initial access if gNB can identify the UEs as RedCap UEs during initial access.
Observation 1: There is no need for RedCap UEs to operate in an initial DL BWP with bandwidth larger than the maximum RedCap UE bandwidth after initial access if gNB can identify the UEs as RedCap UEs during initial access.
Common search spaces such as Type-0A CSS, Type-1 CSS and Type-2 CSS that are used during initial access can be associated with a SIB1 configured CORESET. Specifically, the CORESET is configured by commonControlResourceSet. For RedCap UEs, the CORESET can also be used for the common search spaces. No specification change is needed.
Observation 2: An additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs.
It is also possible to configure an additional initial DL BWP for scheduling of RACH/Paging/SI messages for RedCap UEs for offloading purpose. Whether an additional initial DL BWP is needed may also depends on the need for early identification of RedCap UEs and the need for coverage recovery during initial access. For early identification of RedCap UEs, an initial UL BWP dedicated for RedCap UEs may be used to identify RedCap UEs by the PRACH resources in the initial UL BWP dedicated for RedCap UEs. An additional DL BWP is needed at least when the initial UL BWP dedicated for RedCap UEs does not have the same center frequency as that of the initial DL BWP defined by CORESET 0 in unpaired spectrum. For coverage recovery purpose, an additional initial DL BWP may be beneficial to enable PDCCH coverage recovery, e.g., by means of PDCCH repetition.
Observation 3: Whether an additional initial DL BWP can be configured for scheduling of RACH/Paging/SI messages for RedCap UEs depends on the need of offloading, early identification of RedCap UEs and coverage recovery.

Initial UL BWP
To support a RACH occasion in the initial UL BWP associated with the best SSB falls within the RedCap UE bandwidth, 4 options were agreed to be studied.
For option 1, frequency retuning is performed by UE when a RO associated with the best SSB falls outside of the UE maximum bandwidth. A switching time is needed for UE to receive a RAR after PRACH preamble is transmitted. The duration of the switching time may affect the RAR window for receiving a RAR. If the switching time is short, the starting time of the RAR window may remain the same, and gNB can delay the transmission of RAR by the switching time. On the other hand, if the switching time is long, the starting time of the RAR window may need to be delayed, and PRACH preambles or PRACH resources may need to be configured separately for normal UEs and RedCap UEs such that RAR for normal UEs may not be delayed or RAR for RedCap UEs may not be missed by RedCap UEs.
For option 2, separate initial UL BWP is used for RedCap UEs. The option also enables early identification of RedCap UEs. Comapred to option 3, option 2 does not restrict PRACH configuration for normal UEs. 
For option 3, PRACH configuration for normal UEs will be restricted by the maximum RedCap UE bandwidth, which is not preferable for a cell supporting a large number of UEs.
For option 4, although there is no restriction on the PRACH configuration for normal UEs, dedicated PRACH configuration for RedCap UEs in the initial UL BWP may affect the resource utilization in the initial UL BWP for normal UEs. Therefore, optioin 4 has the drawback of option 2 and does not have the flexibility of option 2.
From the 4 options, option 1 and option 2 are preferred for being more flexible and having less impact on normal UEs.
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

To support a PUCCH (for Msg4/[MsgB] HARQ feedback) and/or a PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, 4 options were agreed to be studied.
For option 1, similar to the case of RACH, whether the option will have impact on scheduling Msg4 depends on the switching time. If the switching time is short, small or no specificatioin impact is foreseen.
For option 2, separate initial UL BWP is used for RedCap UEs. Compared to option 1, the option has the benefit that there is no restriction on Msg3 frequency hopping for normal UE if the switching time for frequency hopping is too long to impact the performance of Msg3 transmission for RedCap UEs. There is also no restriction on the bandwidth for resource allocation of Msg3 for normal UEs.
For option 3, the drawback of option 1 is alleviated by enabling different configuration for frequency hopping. However, there is still restriction on the bandwidth for resource allocation of Msg3 for normal UEs.
For option 4, more restriction is added compared to option 1 to allow RedCap UEs to transmit Msg3 without frequency retuning, which significalty impacts scheduling of normal UEs.
From the 4 options, option 2 and option 3 are preferred for being more flexible and having less impact on normal UEs.

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
3 Conclusions
In this contribution, we discussed the issues regarding reduced maximum UE bandwidth for RedCap UEs. Based on the discussion in section 2, we have observations and proposals as follows.
[bookmark: _Toc4685928]Observation 1	There is no need for RedCap UEs to operate in an initial DL BWP with bandwidth larger than the maximum RedCap UE bandwidth after initial access if gNB can identify the UEs as RedCap UEs during initial access.
Observation 2	An additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs.
Observation 3	Whether an additional initial DL BWP can be configured for scheduling of RACH/Paging/SI messages for RedCap UEs depends on the need of offloading, early identification of RedCap UEs and coverage recovery.
1. [bookmark: _Toc4685930]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
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
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