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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#91e, the RedCap WID [1] was updated and agreed. One objective is to specify support of 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.
With the reduced BW, quite a few scenarios were identified depending on whether the UE BW is wider than the configured initial BWP. RAN1#104e agreed following, 
· 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.
In this contribution, we provide views on the reduced UE bandwidth and focus on the discussion of initial BWPs for RedCap UEs. 
Discussion
From RAN1#104e agreements, when the RedCap UE BW is no wider than the configured initial BWPs, the RedCap UEs could share the same initial access procedures with legacy UEs in the same initial BWPs. Besides, there should be no issue for the RedCap UEs to camp on initial BWPs after initial access for UE specific data transmission. 
In some scenarios, the gNB might need to configure wider initial BWPs to better serve the UEs. For example, when a large number of UEs are in the network, wide initial BWPs are needed to provide enough physical resources for more efficient data transmission during and after initial access. In addition, as was indicated during the email discussion in RAN1#104e [2], in real deployment the network might configure initial BWPs to have a BW of the network carrier. Therefore, it needs to study how the RedCap UEs work in these scenarios with initial BWPs wider than UE BW. 
Observation 1: In real deployments, the gNB might configure initial BWPs wider than RedCap UE BW. 
Due to the fact that the initial DL BWP and initial UL BWP are separately configured, the scenarios of wider initial DL BWP or wider initial UL BWP can be separately discussed. 
If the configured initial DL BWP is wider than RedCap UE bandwidth, there should be no issue for the DL data transmission during initial access, since as specified the data transmission is scheduled always within the bandwidth of CORESET#0, which is narrower than RedCap UE BW. Issues might happen if the RedCap UE still camps on initial DL BWP after switching to RRC_CONNECTED. For example, the scheduling overhead might be higher with wide scheduling BW; frequency retuning might be needed if the scheduling is in the whole initial BWP, etc. On the other hand, the RedCap UEs can anyway be configured with a dedicated active DL BWP other than initial BWP after switching to RRC_CONNECTED. Then the issues do not exist with the dedicated active DL BWP being narrower than UE BW.  
Observation 2: No issue to allow a RedCap UEs operate with an initial DL BWP wider than UE BW during initial access since the scheduling is within CORESET#0 BW. Issue happens after initial access if the initial DL BWP is configured as the active BWP.
Observation 3: Redcap UEs could be configured with a narrow active BWP other than initial BWP after initial access. 
Different with DL, if the configured initial UL BWP is wider than UE bandwidth, issue happens during initial access since the transmission is scheduled in the whole BW of initial UL BWP. Specifically, it was identified that PUCCH for Msg4 and PUSCH for Msg3 might be transmitted in a BW wider than RedCap UE BW if frequency hopping is configured for the transmission. RAN#104e provided following options to resolve the issue,
· 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)
· [bookmark: _Hlk68166162]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
For option 1 of proper RF-retuning, the UE transmits signal in the 1st hop, performs RF-retuning and then transmits the signal in the 2nd hop. Some symbol(s) that were used for PUCCH signal transmission have to be punctured for frequency retuning, which impacts the detection performance. 
Observation 4: Using RF-retuning leads to performance loss of Msg4 PUCCH and Msg3 PUSCH detection for RedCap UEs. 
Option 2 is to introduce RedCap separated initial UL BWP, which has a BW lower than UE BW. The scheduling of RedCap Msg3 and PUCCH for Msg4 happen in the dedicated initial BWP. Therefore, frequency hopping for PUCCH for Msg4 and Msg3 transmission is always within UE BW. It is also noted that there are other benefits of dedicated initial BWP, such as fulfilling early identification of RedCap UEs, traffic offloading to avoid performance impact for legacy UEs, etc. Besides, it also resolves the issue of legacy RO BW wider than UE BW, as analyzed in below.
Observation 5: Introducing dedicated initial UL BWP could resolve the issue of PUCCH and Msg3 PUSCH hopping outside of UE BW. Besides, it is also a solution for early identification, traffic offloading, etc. 
For option 3, using separate PUCCH/Msg3 PUSCH configuration/indication for RedCap UEs e.g., disabling frequency hopping might be a feasible option if initial UL BWP is not configured, but again this solution introduces performance loss for detection of Msg4 PUCCH and Msg3 PUSCH due to lack of frequency diversity. Using different frequency hopping e.g., hopping within a BW lower than UE BW is similar with separate initial BWP, and it might be a complement if initial UL BWP is not configured. 
Observation 6: Disabling frequency hopping introduces performance loss of Msg4 PUCCH and Msg3 PUSCH. 
For option 4, one example is always restricting the initial UL BWP to be within RedCap UE bandwidth. As analyzed above, it is not desirable to have such a restriction since it might impact performance of legacy UEs in both initial access procedure and after initial access.
Observation 7: Always restricting initial BWP narrower than RedCap UE BW is not desired since it might impact legacy UE performance. 
Based on the observations, we have following proposal,  
Proposal 1: Support configuring separate initial UL BWP as a solution to resolve the issue of Msg4 PUCCH and Msg3 PUSCH hopping outside of UE BW. The option of separate PUCCH/PUSCH configuration can be used when initial UL BWP is not configured. 
In legacy, the initial DL BWP and initial UL BWP are paired for unpaired spectrum. For RedCap, since issues mostly happen for the case where initial UL BWP is wider than UE BW, it needs to discuss if dedicated initial BWP is configured, whether always configuring a pair of dedicated initial BWPs, or could configure e.g., only a dedicated initial UL BWP. It is observed that if always configuring a pair of initial BWPs, there should be a dedicated CORESET#0 for the RedCap UEs in dedicated initial DL BWP, which might mean high control overhead since the scheduling of RedCap UEs and legacy UEs is separated during initial access. On the other hand, if only configuring dedicated initial UL BWP and sharing the initial DL BWP with legacy UEs, there might be issues of e.g., RAR collision. 
Proposal 2: It needs to determine if initial BWP is configured, whether always configure a pair of initial BWPs for RedCap UEs, or could configure e.g., only a dedicated initial UL BWP. 
Another identified issue is that for FR1, if 8 FDMed ROs with 30kHz subcarrier spacing are configured, the bandwidth of the FDMed ROs is larger than maximum UE BW of 20MHz. Some of ROs will then be located outside of the UE BW, and the UE may not be able to use the RO to transmit PRACH using the best beam. RAN1#104 had following options to resolve the issue, 
· 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
It should be noted that this issue happens only when the initial UL BWP is wider than RedCap UE BW. If the network configures dedicated initial BWP (Opt.2) and thus ROs in the dedicated BWP, there is no issue at all. The options of RF retuning (Opt.1) and dedicated configured ROs (Opt.4) can be the solutions if dedicated initial BWP is not configured. The Opt.3 of restricting the RO configuration and/or initial BWP configuration is though not desired since this might impact the performance of legacy UEs. 
Observation 8: The issue of RACH occasions falling outside of UE BW happens only when the initial UL BWP is wider than RedCap UE BW. 
Proposal 3: Support the option of configuring separate initial UL BWP as a solution to resolve the issue of legacy ROs fall outside of UE BW. The option of RF-retuning and dedicated ROs can be used when initial UL BWP is not configured.  

Conclusions
As a summary, we have the following observations and proposals on bandwidth reduction for RedCap UEs,
Observation 1: In real deployments, the gNB might configure initial BWPs wider than RedCap UE BW. 
Observation 2: No issue to allow a RedCap UEs operate with an initial DL BWP wider than UE BW during initial access since the scheduling is within CORESET#0 BW. Issue happens after initial access if the initial DL BWP is configured as the active BWP.
Observation 3: Redcap UEs could be configured with a narrow active BWP other than initial BWP after initial access. 
Observation 4: Using RF-retuning leads to performance loss of Msg4 PUCCH and Msg3 PUSCH detection for RedCap UEs. 
Observation 5: Introducing dedicated initial UL BWP could resolve the issue of PUCCH and Msg3 PUSCH hopping outside of UE BW. Besides, it is also a solution for early identification, traffic offloading, etc. 
Observation 6: Disabling frequency hopping introduces performance loss of Msg4 PUCCH and Msg3 PUSCH. 
Observation 7: Always restricting initial BWP narrower than RedCap UE BW is not desired since it might impact legacy UE performance. 
Observation 8: The issue of RACH occasions falling outside of UE BW happens only when the initial UL BWP is wider than RedCap UE BW. 
Proposal 1: Support configuring separate initial UL BWP as a solution to resolve the issue of Msg4 PUCCH and Msg3 PUSCH hopping outside of UE BW. The option of separate PUCCH/PUSCH configuration can be used when initial UL BWP is not configured. 
Proposal 2: It needs to determine if initial BWP is configured, whether always configure a pair of initial BWPs for RedCap UEs, or could configure e.g., only a dedicated initial UL BWP. 
Proposal 3: Support the option of configuring separate initial UL BWP as a solution to resolve the issue of legacy ROs fall outside of UE BW. The option of RF-retuning and dedicated ROs can be used when initial UL BWP is not configured.  
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