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1 Introduction
In RAN1 104 e-meeting, the following agreements were reached [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 RAN1 #104bis e-meeting, extensive discussions for each individual case were carried out and the following was agreed for HD-FDD operation [2]:  
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· 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 (FFS).

Working assumption: After initial access, at least 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.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)

Agreement:
· During initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.

Agreement:
· 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, down select among the following options in RAN1#105-e:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.


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 RedCap UE type capability.




In this contribution, we discuss remaining issues related to operate Redcap device with a reduced BW compared to normal devices according to the RAN1 104bis agreements.  
2. Discussions
2.1 Initial DL BWP and UE-specific BWPs
In RAN1 104 bis e-meeting, it was extensively discussed whether a Redcap UE is allowed to operate within an initial BWP and UE-specific BWP wider than the maximum Redcap UE bandwidth during and after initial access. Three working assumptions were made, the first two for initial DL BWP (during initial access and after initial access) and the last one for UE-specific BWPs. We think these working assumptions should be confirmed such that the unnecessary RF retuning operation across consecutive transmission/receptions can be mitigated for Redcap UEs, especially after initial access.  
Based on the agreements in RAN1 #104bis-e, it is FFS whether the same rule defined for BWP #0 configuration Opt.1 can be extended for configuration opt.2 case. The difference between configuration Opt.1 and Opt.2 of BWP #0 is whether UE-specific parameters is added for BWP#0. On the other hand, the bandwidth of BWP#0 is always configured by SIB-1 for both Opt.1/Opt.2. Therefore, the motivation to restrict the BWP#0 within the Redcap max bandwidth for Redcap UEs remains valid for Opt.2. We therefore propose the following: 
Proposal 1: Confirm the following working assumptions or modifications: 
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· 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.
· After initial access, at least 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.
· 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 RedCap UE type capability.

Another aspect that needs to be considered is the initial BWP for Redcap UEs if the SIB-configured initial DL BWP for non-Redcap UEs only has a wider bandwidth than the maximum Redcap UE bandwidth. One simply way is to derive the initial DL BWP corresponding to the CORESET #0 bandwidth. Concern has been raised on this approach is that it causes potential congestion issue for Msg2/Paging for Redcap UEs if the total number of Redcap UEs are significantly huge. To solve this problem, a possible solution brought up in the past meeting is to allow configuring additional CORESET to offload Msg2/Paging for Redcap UEs to RBs outside of CORESET #0. In our view, the congestion issue should be carefully evaluation to justify the additional standard efforts. With the Rel-15/16 search space configuration, different monitoring occasions in time domain can be configured by gNB for SI/Msg2/Paging scheduling to serve the offloading purpose. If this is still insufficient to address the offloading need, separate initial DL BWP can be further discussed including e.g., whether it needs to cover the SSB and share the SIB scheduling with non-Redcap UEs, as illustrated in FIG.1 below. 
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Figure 1: Separate initial DL BWP for Redcap UEs with SSB 

 Proposal 2: 
· Consider separate or additional initial DL BWP for Redcap UEs by SIB1. 
· If SIB-configured initial DL BWP for non-Redcap UEs only has a wider bandwidth than the maximum Redcap UE bandwidth, a Redcap UE derives initial DL BWP corresponding to CORESET #0 if additional initial DL for Redcap UEs is not configured.      

2.2 Initial UL BWP
There were extensive discussions on whether a Redcap UE can be configured with an initial UL BWP that has wider bandwidth than the Redcap UE bandwidth and three options were identified:  
	· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.



Among these options, our preference is Opt.2, which maintains a same performance and scheduling flexibility for non-Redcap UEs by allowing a wider initial UL BWP and simultaneously addresses the concern of RF retuning operation for Redcap UEs during initial access stage. One concern raised on Opt.2 in RAN1 104 bis is UL resource fragmentation for non-Redcap devices. In general, it is still unclear for us whether the resource fragmentation is a practical problem or not since the payload size of Msg3 and number of allocated RB for non-Redcap UEs are typically small during initial access procedure. If it is indeed essential for non-Redcap UEs, Redcap-specific initial UL BWP can be properly placed to solve this problem e.g., at one edge of non-Redcap initial UL BWP or avoid overlapping between initial UL BWPs for non-Redcap and Redcap UEs.  
Serious concern raised on Opt.1 is that during initial access phase, a Redcap UE is forced to perform RF retuning for PUCCH transmission if the initial UL BWP is wider than the UE maximum bandwidth, as illustrated in FIG.2A. Note that, during initial access procedure, frequency hopping (FH) is always enabled for PUCCH to carry Msg4 HARQ-ACK to improve PUCCH detection performance and maximize the UL coverage, which is out of gNB scheduler control. Consequently, the RF retuning between two hops is inevitable for Redcap UE e.g.  by puncturing a few middle symbols between two hops, as in FIG.1A. It results in coverage loss for Redcap UE, which is mitigated in Opt.2 as shown in FIG.2B. More seriously, a shorten PUCCH transmission accounting for RF-retuning would make it impossible to share resource with non-Redcap UEs in case of long PUCCH format 1 due to the loss of orthogonality between time-domain OCC across UEs multiplexed in a single PRB and increases the PUCCH signaling overhead and standard efforts. 
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			(2A)                                                                      (2B)
Figure 2: Support of the PUCCH transmission with frequency hopping in initial UL BWP during initial access procedure

Proposal 3: Support earlier identification of Redcap device by separate PRACH resources. 
Proposal 4: If UL BWP configured for non-Redcap UE in SIB1 is larger than max Redcap BW, support configuring a separate initial UL BWP that is limited up to max Redcap BW (Opt.2). 




3. Conclusion 
In this contribution, we have presented our views on the reduced maximum UE bandwidth for Redcap. Based on the discussions, we proposed the following: 
Proposal 1: Confirm the following working assumptions or modifications: 
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· 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.
· After initial access, at least 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.
· 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 RedCap UE type capability.
Proposal 2: 
· Consider separate or additional initial DL BWP for Redcap UEs by SIB1. 
· If SIB-configured initial DL BWP for non-Redcap UEs only has a wider bandwidth than the maximum Redcap UE bandwidth, a Redcap UE derives initial DL BWP corresponding to CORESET #0 if additional initial DL for Redcap UEs is not configured.      
Proposal 3: Support earlier identification of Redcap device by separate PRACH resources. 
Proposal 4: If UL BWP configured for non-Redcap UE in SIB1 is larger than max Redcap BW, support configuring a separate initial UL BWP that is limited up to max Redcap BW (Opt.2). 
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