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In RAN1 #104-e, reduced maximum bandwidth for RedCap UEs was discussed and the following agreements were made [1]:

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:
· 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:
· 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 further discuss reduced maximum bandwidth for RedCap UEs.
Reduced maximum bandwidth
The impact of reduced maximum bandwidth can be analysed separately for initial access and after initial access.

During Initial Access
In general, the bandwidth of the initial UL BWP may exceed the maximum bandwidth supported by the RedCap UE. To operate in a larger bandwidth, one approach is for the RedCap UE to retune its center frequency, when necessary, to the appropriate frequency location. Another alternative is to configure related transmission parameters or revise certain channel designs such that frequency retuning is not needed, and all allocated frequency resources are within the RedCap maximum bandwidth. For example, when intra-slot frequency hopping is needed for PUCCH transmission, either frequency hopping may be disabled or PUCCH structure can be changed to allow sufficient gap between the two hops. Another approach is to define a separate initial UL BWP for RedCap UEs in which such UEs may operate. 
One specific issue that needs to be addressed is the PUCCH transmission after msg4 during initial access. According to 38.213, the common PUCCH resource set to be used in the initial uplink BWP is determined as follows:

	If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format scheduling a PDSCH reception or a SPS PDSCH release, the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with the DCI format, as described in Clause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format. 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]



According to the above, the frequency range of the initial uplink BWP between the first and second hop may exceed the maximum BW of the RedCap UE. To address this issue, the following solutions may be considered (Note that the same solutions can be considered for msg3 transmission as well):
· The RedCap UE retuning its center frequency between the hops: Since the frequency hopping for PUCCH is performed within a slot, this solution may not be feasible as it may require switching time of a few OFDM symbols depending on the subcarrier spacing. 
· Disabling frequency hopping: Disabling frequency hopping may cause coverage loss and therefore is not desirable.
· gNB configuration: Solutions based on gNB configuration such as restricting the initial UL BWP within RedCap BW may cause performance degradation for legacy UEs.
· A dedicated initial uplink BWP for RedCap UEs. In this case, Redcap UEs are allocated a separate initial UL BWP and they can perform frequency hopping within this new BWP.
· A new hopping pattern for RedCap UEs: RedCap UEs may have a different hopping pattern such that the frequency span of the hop is within the RedCap BW while they are operating in a larger initial UL BWP. Note that this solution is also effectively realized by defining a separate initial UL BWP for RedCap UEs. 

An issue regarding the random-access procedure for RedCap UEs was raised in [2]: When PRACH occasions are frequency multiplexed, for certain configurations in FR1, the total BW spanned by the PRACH occasions could be larger than the maximum RedCap UE BW of 20 MHz. Therefore, if the best SSB is mapped to a PRACH occasion outside the RedCap UE BW, the UE may not be able to transmit PRACH according to the best SSB. To address this issue, the following may be considered:
· A dedicated initial uplink BWP for RedCap UEs. Since RedCap UE identification in msg1 is desirable, random access occasions and resources can be configured separately for RedCap UEs in this new initial uplink BWP.
· Configuration of the mapping between SSBs to PRACH occasions can be configured by the gNB considering the maximum RedCap UE BW. For example, multiple SSBs may be mapped to one PRACH occasion to ensure that the total BW used by the PRACH occasions is less than the maximum RedCap UE BW. However, such restrictions may degrade the performance of legacy UEs.
· The RedCap UE retunes its center frequency so that the PRACH occasion stays within its supported BW. In this case, retuning may be feasible since a sufficient gap can be created between preamble transmission and random-access response. 

Based on the above discussion, the most feasible solution with minimal spec impact seems to be defining a dedicated UL BWP for RedCap UEs when the bandwidth of the initial BWP exceeds the maximum RedCap bandwidth.

Proposal 1: A separate initial UL BWP can be defined for RedCap UEs.
Proposal 2: A RedCap UE is not allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth.

As for DL, the bandwidth of the initial DL BWP for legacy UEs is the same as the bandwidth of CORESET#0 until RRC connection is complete. So, the bandwidth of the initial DL BWP is within the RedCap maximum bandwidth and RedCap UEs can coexist with legacy UEs within the initial DL BWP. However, since the number of RedCap UEs in a cell can be quite large depending on the use case, the load of the initial DL BWP may increase, resulting in performance degradation for legacy UEs. Therefore, defining a separate initial DL BWP and CORESET#0 for RedCap UEs may be beneficial for load balancing purposes.

Proposal 3: Dedicated CORESET#0, initial DL BWP can be defined for RedCap UEs.
Proposal 4: A RedCap UE is not allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.

During Connected Mode:
[bookmark: _Toc61602925]After the initial access, the RedCap UE may be configured to switch to a separate BWP for load balancing or power saving purposes. If the SSBs are not included in the new BWP, the RedCap UE may use CSI-RS for certain measurements, e.g., beam management, and switch to the BWP containing the SSBs for other measurements. It has been proposed that SSBs can be placed in the new BWP to prevent frequency retuning to perform measurements. However, this may increase system overhead and energy consumption. In addition, its impact on cell search and inter-cell interference may be significant; and so this approach is not desirable.

Observation 1: RedCap UEs may be offloaded to a narrower BWP during connected mode. CSI-RS in the narrow BWP and SSBs in other BWPs can be used for measurements.


Conclusion
This contribution has discussed reduced maximum bandwidth for RedCap UEs. The following proposals and observation have been made:
Proposal 1: A separate initial UL BWP can be defined for RedCap UEs.
Proposal 2: A RedCap UE is not allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth.
Proposal 3: Dedicated CORESET#0, initial DL BWP can be defined for RedCap UEs.
Proposal 4: A RedCap UE is not allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
Observation 1: RedCap UEs may be offloaded to a narrower BWP during connected mode. CSI-RS in the narrow BWP and SSBs in other BWPs can be used for measurements.
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