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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1#104bis-e meeting, following working assumptions and agreements were made for reduced maximum UE bandwidth [1]:
	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)

Agreements:
· 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.

Agreements:
· 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 provide our views on the reduced maximum UE bandwidth in order to efficiently support the RedCap UE in the network. 
2. UE bandwidth reduction 
2.1. The initial DL BWP for RedCap
Two working assumptions were made on the initial DL BWP for the RedCap UEs. One discussion point is for BWP#0 configuration option 2 as described in Appendix B2 of TS 38.331, whether the bandwidth of the initial DL BWP for RedCap UEs can be configured to exceed the maximum RedCap UE bandwidth. The main motivation for it is to allow network to establish a fully operational connection with UEs with a single BWP by using BWP#0 configuration option 2. It might be simpler for the network deployment perspective, but many negative impacts for RedCap UE are expected. For example, RedCap UE may need to support potential RF switching or retuning within the wider initial BWP, CSI measurement outside its maximum BW etc, which adds more complexity; the larger bandwidth increases the DCI format size, resulting in the performance degradation for the RedCap UEs. For non-RedCap UEs, BWP#0 configuration option 2 can still be applied. For RedCap UEs, after initial access, it can be configured with a separate BWP#0 either contained within or FDMed with the BWP#0 for non-RedCap UEs, the BWP#0 for RedCap UE should not exceed its maximum bandwidth.    
Proposal 1: Confirm the working assumption that during initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
Proposal 2: Confirm the working assumption with following updates
· 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)
2.2. The initial and RRC-configured UL BWP for RedCap
For initial UL BWP during and after the initial access, besides the reason of allowing the network to reuse the existing BWP#0 configuration option 2 similar as the initial DL BWP, other motivations to support allowing a RedCap UE to operate with an initial UL BWP (or RRC-configured BWP) wider than the maximum RedCap UE bandwidth are to achieve frequency diversity gain, or frequency selective gain or to avoid/reduce fragmentation of PUSCH resources for non-RedCap UEs [2]. 
For the claimed issue of PUSCH resource fragmentation for non-RedCap UEs, this is a not specific issue created by supporting RedCap UEs. Existing network allows the operation of configuring different UL BWP sizes for different UEs.Therefore, it can be handled by gNB’s proper configuration. In addition, in order to not fragment the PRACH resources the gNB can configure the initial UL BWP for RedCap UEs to be nested within the initial UL BWP for non-RedCap UEs. 
For the claimed frequency selective gain, it is observed in [3] that around 1dB and 2.5dB gain can be obtained when the frequency bandwidth is increased from 20MHz to 40MHz and from 20MHz to 100MHz. Such frequency selective gain is obtained under an ideal assumption that the resource with the best SINR is selected within the 40MHz or 100MHz system bandwidth. However, for a Redcap UE only capable of 20MHz in FR1 DL and UL, in order to select the resource with the best SINR, it requires the RedCap UE to conduct the CSI measurement/SRS transmission outside the 20MHz bandwidth. Large interruption to the reception or transmission within the current active BWP is expected. For example, assuming the system bandwidth is 100MHz including 5 sub-bands with 20MHz per sub-band, the RedCap UE needs to measure the DL CSI with RF retuning on the 5 sub-bands. It may take more than 10ms with Type 1 BWP switching delay. Similarly, more than 10ms interruption is needed to select the resource with the best SINR for UL transmission. For TDD operation, it will become more complex and restrictive to conduct the measurement and transmission for DL and UL since the center frequency needs be kept the same between DL and UL. After such long preparation time, the CSI information may already expire, and the real data transmission may last only a few slots, which could be much shorter than the preparation time, as the packet size for RedCap use cases would typically be small. Therefore, the loss of the UE’s power consumption, complexity and network spectral efficiency greatly outweighs the claimed frequency diversity gain. 
For frequency diversity gain by supporting frequency hopping, the impacts of RF retuning gap need to be considered. Based on our simulation results in [4], it is observed that  
· For Msg.3 with 10% BLER, compared with the case of FH cross 20MHz without RF retuning, the performance loss for the case of FH over 100MHz BW with 2-symbol and 4-symbol RF retuning are around 0.17dB and 0.83dB respectively. 
· For PUCCH format 1 with 0.1% NACK-to-ACK and PUCCH format 3 with 1% BER, the performance for the case of FH cross 100MHz with 2-symbol RF retuning time that consumes one-symbol per hop is similar as the case of FH cross 20MHz without RF retuning.
· For PUCCH format 1 with 0.1% NACK-to-ACK and PUCCH format 3 with 1% BER, the performance for the case of FH cross 100MHz with 4-symbol RF retuning time that consumes two-symbol per hop is about 1.5 dB to 2.7 dB worse than the he case of FH cross 20MHz without RF retuning.
In addition, with 2-symbol or 4-symbol RF retuning gap, FH over wider bandwidth cannot be applied to the PUCCH transmission length smaller than 5 symbols or 7 symbols which further weaken the benefits for supporting the initial or RRC-configured UL BWP wider than the UE’s maximum bandwidth capability for RedCap UEs.
In summary, from reduction of PUSCH resource fragmentation, from frequency selective scheduling and frequency diversity perspective, there are no practical benefit to support wider initial UL BWP for RedCap UEs considering the practical assumptions. Therefore, following is proposed:
Proposal 3: A RedCap UE should NOT be allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth during and after the initial access.
Based on proposal 3, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth during and after the initial access, we do not support option 1 that a RedCap UE can use the same UL BWP with requiring the RedCap UE do RF-retuning. For option 3, if not allowing such scenario is considered too restrictive for non-RedCap UEs, option 2 that configuring/defining a separate initial UL BWP no wider than the RedCap UE maximum bandwidth can be supported. For TDD, to maintain the same centre frequency between initial DL BWP and initial UL BWP for RedCap UEs, a separate initial DL BWP can also be configured for the RedCap UEs. 
Proposal 4: 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, support option 2 that the scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
Consequently, regarding to how to enable/support the UL transmissions during the initial access such as PRACH, PUCCH for Msg. 4/[MsgB] HARQ feedback and Msg3/[MsgA] fall within the RedCap UE bandwidth [5], following two options are preferred:
· Option a: Separate initial UL BWP(s) for RedCap UEs
· Option b: gNB configuration such as always restricting the initial UL BWP to within RedCap UE bandwidth.
Option a can be used for scenarios where the initial UL BWP for non-RedCap UEs is configured to be wider than or the same as the RedCap UE bandwidth; Option b is used for the scenario where the initial UL BWP for non-RedCap UEs is the same as the RedCap UE bandwidth. 
Proposal 5: Support following options to enable/support that a RACH occasion associated with the best SSB and that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth.
· Option a: Separate initial UL BWP(s) for RedCap UEs
· Option b: gNB configuration of always restricting the initial UL BWP to within RedCap UE bandwidth 
After initial access, there is no reason to configure a RedCap UE 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. For BWP operation, it is reasonable to apply the current basic BWP feature i.e., FG 6-1 see below that is mandatory without capability signaling for RedCap UEs to support the BWP basic functions and reduce the complexity with certain restriction. Therefore, we propose to confirm the working assumption.  
	6. CA/DC, BWP, SUL
	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 signalling 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 signalling



Proposal 6: Confirm following 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.
2.3. Separate initial BWP for RedCap
As mentioned in section 2.2, if the network concerns on the coexistence between the RedCap and legacy UEs, a better and cleaner way is to configure separate initial UL BWP(s) for RedCap. Then the legacy UEs can have a wider initial UL BWP and RedCap UEs can have the initial BWP within its capability. Additional benefit to support separate initial BWP for RedCap UE is for offloading purpose to avoid or reduce the network congestion. Note that the bandwidth for the separate initial BWP for RedCap should not be larger than RedCap UE’s capability. For TDD, to maintain the same centre frequency between initial DL BWP and initial UL BWP for RedCap UEs, a separate initial DL BWP can also be configured for the RedCap UEs.
In Rel-15, cell defining SSBs (CD-SSB) are used for synchronization, intra-frequency RRM, RLM and etc., and the CD-SSB is contained in the initial DL BWP for SSB&CORESET#0 multiplexing pattern 1 in FR1. In this case, UE can receive SSBs inside the operating bandwidth without RF retuning. If a RedCap UE is offloaded to a BWP without SSB, the UE may need to perform RF retuning frequently to receive SSB for synchronization, RRM and RLM, etc. Given the BWP switching delay may be up to 3ms, it may lead to frequent interruption for RedCap UEs, as shown in Figure 1a which is not preferred from UE complexity perspective. On the other hand, if the RedCap UE is offloaded to a BWP containing SSB, UE can receive SSB within the active BWP without frequent RF retuning, as shown in Figure 1b which is also aligned with FG 6-1 of basic BWP operation with restriction. To have SSB transmitted in the operating BWP for RedCap UEs, it may lead to higher overhead. However, providing multiple SS/PBCH block signals for reference at different frequencies is beneficial for accurate measurement in case the network operates a cell with wideband.



          
(a)                                                                               (b)
[bookmark: _Ref40378380]
Figure 1:  Offloading RedCap UEs to a separate initial BWP
Proposal 7: To support mechanisms that a separate initial DL and UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
Proposal 8: For both IDLE/INACTIVE and RRC-CONNECTED modes, if a separate initial BWP is configured/defined for RedCap UEs, SSB should be transmitted in the operating BWP for RedCap UEs.
About whether to support additional CORESET for scheduling of Msg2 and/or Msg4 and/or Paging and/or SI for RedCap UEs, the main use cases are for offloading purpose. Since separate initial DL BWP for RedCap UE is preferred for above uses cases, it is not necessary to support the additional CORESET that is within the initial DL BWP shared between the RedCap and non-RedCap UEs for scheduling of Msg2 and/or Msg4 and/or Paging and/or SI for RedCap UEs. 
Proposal 9: Do not support additional CORESET for scheduling of Msg2 and/or Msg4 and/or Paging and/or SI for RedCap UEs if the bandwidth initial UL BWP is within RedCap UE bandwidth and shared by RedCap and Non-RedCap UEs. 

2.4. BWP switching for RedCap
Based on the working assumption, for DL BWP, during and after the initial access, the initial and non-initial DL BWP cannot exceed RedCap UE’s maximum BWP capability; for UL BWP, after the initial access, at least the non-initial UL BWP cannot exceed RedCap UE’s maximum BWP capability. For initial UL BWP during and after initial access, as analyzed in section 2.2, from the perspective of reducing PUSCH resource fragmentation, obtaining frequency selective and frequency diversity gain by BWP hopping or retuning, no practical benefits are found. Therefore, we propose for RedCap, do not support the BWP hopping or retuning for a transmission and reception including repetitions if any. The existing BWP switching methods, including RRC based, DCI based, or timer based BWP switching methods, can be reused for BWP switching for redcap UEs. 
Proposal 10: For RedCap, do not support new BWP hopping or retuning beyond existing BWP switching methods. 
After the initial access, similar as non-RedCap UEs, the RedCap UE can be switched to an active BWP other than the initial BWP for offloading or power saving purpose, where the size of an active BWP shall not exceed the BW capability of a redcap UE. Given the existing BWP switching methods are to be reused, the existing BWP switching delay requirement can be reused as the baseline. There is no need to introduce faster BWP switching delay requirement for redcap UE. 
Proposal 11: 
· RAN1 to conclude no faster BWP switching delay requirement than Rel-15/16 will be introduced for RedCap UEs. 
· RAN1 to confirm with RAN4 whether Rel-15/16 BWP switching delay requirement can be reused for RedCap UEs. 

3. Conclusion
This contribution discusses reduced bandwidth for RedCap devices. The observations and proposals are summarized as following:
Proposal 1: Confirm the working assumption that during initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
Proposal 2: Confirm the working assumption with following updates
· 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.
· [bookmark: _GoBack]FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)
Proposal 3: A RedCap UE should NOT be allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth during and after the initial access.
Proposal 4: 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, support option 2 that the scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
Proposal 5: Support following options to enable/support that a RACH occasion associated with the best SSB and that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth.
· Option a: Separate initial UL BWP(s) for RedCap UEs
· Option b: gNB configuration of always restricting the initial UL BWP to within RedCap UE bandwidth 
Proposal 6: Confirm following 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.
Proposal 7: To support mechanisms that a separate initial DL and UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
Proposal 8: For both IDLE/INACTIVE and RRC-CONNECTED modes, if a separate initial BWP is configured/defined for RedCap UEs, SSB should be transmitted in the operating BWP for RedCap UEs.
Proposal 9: Do not support additional CORESET for scheduling of Msg2 and/or Msg4 and/or Paging and/or SI for RedCap UEs if the bandwidth initial UL BWP is within RedCap UE bandwidth and shared by RedCap and Non-RedCap UEs.
Proposal 10: For RedCap, do not support new BWP hopping or retuning beyond existing BWP switching methods. 
Proposal 11: 
· RAN1 to conclude no faster BWP switching delay requirement than Rel-15/16 will be introduced for RedCap UEs. 
· RAN1 to confirm with RAN4 whether Rel-15/16 BWP switching delay requirement can be reused for RedCap UEs. 
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