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1. Introduction

During RAN1# 105 meeting, it is agreed the following on UE bandwidth reduction for RedCap UEs:

Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):

· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), 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.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (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.
Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.

· Working assumption: Both 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, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.

· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case

· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 

· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  
Agreement:
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 mandatory RedCap UE type capability.

· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.

Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.

· RO sharing between RedCap and non-RedCap is not precluded.

Working assumption: For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.

· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Working assumption: 

· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)

Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access

· FFS the details of the configuration/definition

· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.

· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled

· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring

· FFS: supported bandwidths in the separate initial DL BWP

· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs

· FFS: FDD case
In this contribution, we further discuss aspects on reduced UE bandwidth for RedCap UEs.     
2. Discussion 
2.1. Initial DL BWP
During initial access: Initial DL BWP configured by MIB
It is specified in the WID that the maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported and the maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz. 
Before and during initial access, the bandwidth of the initial downlink BWP is configured by MIB and its bandwidth and frequency range are defined by CORESET 0. In FR1, the bandwidth of the initial downlink BWP defined by CORESET 0 would be less than 20MHz. There is no problem for the Redcap UE with a maximum bandwidth of 20MHz to receive the downlink signals/channels in the initial DL BWP.  The same is for FR2.
Therefore, we propose to confirm the first working assumption.
Proposal 1: confirm the following working assumption made in RAN1#104bis-e:

· 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).
After initial access: Initial DL BWP configured by SIB

After initial access, the UE may switch to another initial DL BWP if it is configured by SIB. During RAN1#105 meeting, we have the following agreement: 
Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):

· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), 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.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (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.
In our views, he benefit of operating with an initial DL BWP wider than the maximum RedCap UE bandwidth is not clear for a RedCap UE. But on the other hand, it will introduce additional specification impact. For example, how the UE receive DL channels including PDCCH/PDSCH in the wider initial DL BWP, how CSI is measured in a wider bandwidth than UE’s maximum bandwidth and additional signaling may be still needed to indicate the frequency resources which can be used by RedCap UE.  Therefore, it is reasonble to let RedCap UE operate with an initial DL BWP that is not wider than the maximum RedCap UE bandwidth. We propose to confirm the above working assumption:
Proposal 2: confirm the following working assumption updated in RAN1#105:
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), 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.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (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.
During RAN1#105 meeting, we have achieved the following working assumption:
Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access

· FFS the details of the configuration/definition

· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.

· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled

· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring

· FFS: supported bandwidths in the separate initial DL BWP

· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs

· FFS: FDD case
Besides the initial DL BWP configured by MIB, additional initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) configured/defined separately from the initial DL BWP for non-RedCap UEs will have the following benefits: 

· boost the system capacity

· provide proper initial BWP for RedCap when the initial BWP configured for non-RedCap UE exceed the maximum RedCap UE bandwidth
Initial DL BWP for RedCap UEs can be configured in SIB, e.g., in SIB1. PDCCH CORESET and PDCCH search space can be configured for the initial BWP. In order to save the signaling overhead, these additional DL BWP for RedCap can be configured as “copies” of the initial DL BWP configured by MIB, e.g., with same CORESET 0, same PDCCH search space and same bandwidth and subcarrier spacing. Only the centre frequencies of these initial DL BWPs need to be configured.  Therefore, there is no need to configure the initial DL BWP for RedCap UEs to contain the entire CORESET #0. The UE can monitor PDCCH within the PDCCH search space of the initial BWP. In addition, the same framework can also be applied for FDD case. 
Proposal 3: PDCCH CORESET, PDCCH search space, bandwidth, SCS of the additional initial BWP configured for RedCap UE can reuse those of the initial DL BWP configured in MIB as much as possible. 
· The frequency location of the additional initial BWP can be configured relative to that of the initial DL BWP configured in MIB
2.2. Initial UL BWP 
For the initial UL BWP that is used during initial access, there are two critical requirements:1) initial UL BWP for RedCap UEs shall include the selected RRACH Occasion. 2)the centre frequency of initial DL BWP and the initial UL BWP shall be aligned to avoid UE’s RF retuning.  

For the case where the RRACH Occasions for RedCap UEs and non-RedCap UEs are not shared. It is easy to fulfill the above two requirements at the same time. An initial UL BWP can be configured to have the same centre frequency with that of the initial DL BWP. And the PRACH occasions are configured within this initial UL BWP. 

In addition, for the case where the RRACH Occasions for RedCap UEs and non-RedCap UEs are shared and the bandwidth of all the RRACH occasions does not exceed the maximum bandwidth of RedCap UE. Redcap can share the same initial UL BWP configured for non-RedCap UE if it doesn’t exceed the maximum bandwidth of RedCap UE. Otherwise, other initial UL BWP can be configured to include all the RRACH Occasions and have the same centre frequency with that of the initial DL BWP. 
However, in the case of RRACH Occasions for RedCap UEs and non-RedCap UEs are shared and the bandwidth of all the RRACH exceed the maximum bandwidth of RedCap UE. It may be difficult to fulfill the above 2 requirements at the same time. As shown in Figure 1, if the initial UL BWP (e.g., initial UL BWP 1 for RedCap in Figure 1) is configured to have same centre frequency as that of the initial DL BWP, the initial UL BWP may not include the selected RO that are corresponding to the best SSB. On the other hand, if the initial UL BWP (e.g., initial UL BWP 2 for RedCap in Figure 1) is configured to include the selected RO, the initial UL BWP may not have the same centre frequency as the initial DL BWP, since during initial access all RedCap UE shall have the same initial DL BWP configured by MIB. 
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Figure 1: It is difficult for initial UL BWP for RedCap UE to include the RO and has same centre frequency as the initial DL BWP
During RAN1#105 meeting, we have the following working assumption:
Working assumption: 
For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.

· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

In order to guarantee that the selected RO is included in the initial UL BWP, it would be necessary to configure the initial UL BWP based on each RO. For different RO, different initial UL BWP may be configured or defined to cover the RO, as shown in Figure 2. After a RO is selected corresponding to the best SSB, the corresponding RO that include the RO can be used for the RedCap UE. For example, if RO4 or RO7 is selected by a UE to send PRACH, initial UL BWP 2 as shown in Figure 2 can be utilized for this UE.  
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Figure 2: Initial UL BWP determined by selected RO

In order to resolve the above problem, there may be two possible options for the UE to determine the initial DL BWP. 

Option 1: Determine the initial DL BWP based on the determined initial UL BWP, and monitor the DL channels in the determined initial DL BWP during initial access. As shown in Figure 3. if initial UL BWP2 is selected by a UE to cover its RO, initial DL BWP 2 has the same centre frequency shall be used for initial access by this UE. 
Option 2: Use the initial DL BWP configured by MIB or SIB, and initial UL BWP the determined based on selected RO is only used for sending RACH. For other UL channel transmission, the UE uses a second initial UL BWP that has the centre frequency as the initial DL BWP. This second initial UL BWP can be configured in SIB and its bandwidth shall not exceed the maximum bandwidth of RedCap UE, as shown in Figure 4, initial UL BWP2 is selected by a UE to send PRACH. After sending PRACH, the UE retunes back to initial UL BWP 0 which has the same centre frequency as the initial DL BWP configured by MIB. The UE then works in initial UL BWP 0 for other uplink transmissions. 
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Figure 3 to determine initial DL BWP based on initial UL BWP


[image: image4.emf]RO1

RO2

RO3

RO4

RO5

RO6

RO7

RO8

Initial DL 

BWP 

configured 

by MIB

Center frequency

Initial UL 

BWP 2 for 

Redcap

Initial UL 

BWP 1 for 

Redcap

Initial UL 

BWP 0 for 

Redcap


Figure 4 using different initial UL BWP for RACH and other UL transmission
With option 1, frequency rerunning can be totally avoided. But more than one initial DL BWP and initial UL BWP would be needed as least during initial access. It will introduce the resource fragmentation issue and needs configuration signaling overhead.
With option 2, only one initial DL BWP that is configured by MIB is needed for initial access. But for uplink channels, multiple initial UL BWP are needed to cover different RO for different UEs.  And for each RedCap UE, two initial UL BWP may be needed. One initial UL BWP for PRACH, another initial UL BWP for other transmissions (e.g., msg3, PUCCH for msg 4 etc.).  It shall be noticed that retuning is needed for the RedCap UE to receive RAR after sending PRACH. But since other uplink transmission is in the initial UL BWP has the same centre as the initial DL BWP, there is no additional frequency retuning after receiving RAR.  
Based on the above discussion, we have the following proposals:
Proposal 4: Initial UL BWP can be determined based on the selected PRACH occasion when the bandwidth of ROs exceed the maximum bandwidth of RedCap UE. 
Proposal 5: The following two options can be considered for the initial DL BWP:
1) The initial DL BWP is further determined by the initial UL BWP that covers the selected RO.

2) The initial DL BWP is the one configured by MIB and the RedCap UE uses the initial UL BWP determined by the selected RO for PRACH transmission. Further another initial UL BWP has the centre frequency as the initial DL BWP is used for other uplink transmissions.
2.3. BWP switching
After RRC connection is set up, RedCap UE can be configured with one or more dedicated DL/UL BWPs. The dedicated DL/UL BWPs shall be narrower than RedCap UE’s bandwidth. For UEs with light traffic, a narrow DL or UL BWP can be configured for the UE for the purpose of power saving. However, within a narrow BWP, the frequency diversity gain will lose thus the transmission performance would be degraded. Therefore, how to improve the transmission performance when the UE is configured with narrow DL/UL BWP shall be considered. 
One possible method is using BWP switching to get the frequency diversity gain. Redcap UE can switch its active BWP among multiple BWPs in a predefined pattern as shown in Figure 5.  Currently, as specified in [3]
 , BWP switching delay of 2-3ms is needed. To facilitate such BWP switching mechanism, it is necessary to reduce the BWP switching delay and fast BWP switching. If the bandwidth, the subcarrier spacing and other baseband parameter are all keep consistent among the BWPs and only the central frequency is changed, the BWP switching delay can be expected to be reduced. We propose to send an LS to RAN4 to consult the BWP switching delay in such case.  
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Figure 5 Fast BWP switching for RedCap UE

Proposal 6: BWP switching can be considered to harvest frequency diversity gain for RedCap UE configured with a narrow BWP.
Proposal 7: send LS to RAN4 to consult the BWP switching delay if only the central frequency is changed among the BWPs.
3. Conclusions
In this contribution, we discussed bandwidth reduction for RedCap UEs and we have the following proposals:  
Proposal 1: confirm the following working assumption made in RAN1#104bis-e:

· 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).
Proposal 2: confirm the following working assumption updated in RAN1#105:
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), 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.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (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.
Proposal 3: PDCCH CORESET, PDCCH search space, bandwidth, SCS of the additional initial BWP configured for RedCap UE can reuse those of the initial DL BWP configured in MIB as much as possible. 

· The frequency location of the additional initial BWP can be configured relative to that of the initial DL BWP configured in MIB
Proposal 4: Initial UL BWP can be determined based on the selected PRACH occasion when the bandwidth of ROs exceed the maximum bandwidth of RedCap UE. 
Proposal 5: The following two options can be considered for the initial DL BWP:

1) The initial DL BWP is further determined by the initial UL BWP that covers the selected RO.

2) The initial DL BWP is the one configured by MIB and the RedCap UE uses the initial UL BWP determined by the selected RO for PRACH transmission. Further another initial UL BWP has the centre frequency as the initial DL BWP is used for other uplink transmissions.

Proposal 6: BWP switching can be considered to harvest frequency diversity gain for RedCap UE configured with a narrow BWP.
Proposal 7: send LS to RAN4 to consult the BWP switching delay if only the central frequency is changed among the BWPs.
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