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1. Introduction

During RAN plenary meeting 90-e, a new work item [1] on support of reduced capability NR devices has been approved. Further, it was updated in [2] during RAN plenary meeting 91e with one of objectives as follows:

· 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.
During RAN1 meeting 104-e, it is agreed the following on UE bandwidth reduction:

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.

Conclusion: RAN1 does not consider acquisition time improvements for FR2 RedCap UEs with SSB and CORESET#0 multiplexing patterns 2 and 3 as part of this WI.
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
During RAN1 meeting 104bis-e, it is further agreed the following on UE bandwidth reduction:

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 further discuss aspects on reduced UE bandwidth for RedCap UEs.     
2. Discussion 
2.1. Initial DL BWP
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).
Initial DL BWP configured by SIB

After initial access, the UE may switch to another initial DL BWP if it is configured by SIB. Currently, the initial DL BWP configured in SIB is for non-RedCap UEs, and its bandwidth may be smaller, equal to or larger than the maximum channel bandwidth of Redcap UE. 
As agreed in RAN1#104-e, 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. When the initial DL BWP configured for non-RedCap UE is wider than the maximum RedCap UE bandwidth, we further have the following working assumption in RAN1#104bis-e:

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)

In our views,  after initial access the benefit of operating with an initial DL BWP wider than the maximum RedCap UE bandwidth is not clear for a RedCap UE. The only gain is that it does not need to configure one separate initial DL BWP for RedCap UE. However, it will introduce much more additional specification impact. For example, how the UE receive DL channels including PDCCH/PDSCH in the wider initial DL BWP needs to be solved.  How CSI is measured in a wider bandwidth than UE’s maximum bandwidth shall also needs to be investigated. Additional signaling may be still needed to indicate the frequency resources which are allowed to use 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 2nd working assumption:
Proposal 2: confirm the following working assumption made in RAN1#104bis-e:

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)

One remaining issue is how to handle BWP#0 configuration option 2 case. It is noticed during the RAN1#104bis-e meeting one argument to let the RedCap UE work in wider BWP than its maximum bandwidth is that in the current network and in some deployment scenarios, both the NR UE and the gNB can only support one BWP configuration, e.g., 100MHz@3.5GHz.  For this case, we have different understandings. If the gNB can support a single wide BWP, there is no hardware restriction for the gNB to support a narrower BWP for RedCap UE. The additional requirement for gNB would be to support proper configuration which shall adapt to maximum bandwidth for RedCap UE. For example, the PDCCH COREST, the scheduled PDSCH shall have a bandwidth not wider than 20MHz for RedCap UE in FR1.On the other hand, such requirement would anyway be there even if a RedCap UE is required to operate in wider BWP than its maximum bandwidth otherwise the PDCCH detection and PDSCH decoding performance will suffer.  Therefore, we propose the following:
Proposal 3: For BWP#0 configuration option 2, a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
 With the above proposal, there may be 3 options for RedCap UEs as in the following:
Option 1: Configure a separate initial DL BWP which is no wider than the Redcap UE bandwidth
Option 2: To use a predefined initial BWP which is narrower than 20MHz in FR1 or 100MHz in FR2 

Option 3: Still use the initial DL BWP configured by MIB

Option 1 is much more straightforward.  A separate initial DL BWP which is no wider than the RedCap UE bandwidth can be additionally configured for Redcap UE in the system information. With this option, only additional BWP configuration signaling is needed. 
With Option 2, RedCap UE can use a predefined initial BWP which is not wider than 20MHz in FR1 or 100MHz in FR2. The predefined initial BWP may have same subcarrier spacing and central frequency as that of initial DL BWP for non-Redcap UE which is configured by MIB. Therefore, it can be derived from the legacy initial DL BWP.

With option 3, the RedCap UE can still use the initial DL BWP configured by MIB.  
It is clearly that option 1, option 2 and option 3 have less specification impact. For option 2 and option 3, though lacking of flexibility, they can avoid the configuration signaling. 
 Hence, we propose the following.
Proposal 4: After initial access, the following options can be considered for RedCap UE to derive its initial DL BWP:
· Option 1: Configure a separate initial DL BWP which is no wider than the Redcap UE bandwidth
· Option 2: To use a predefined initial BWP which is narrower than 20MHz in FR1 or 100MHz in FR2 

· Option 3: Still use the initial DL BWP configured by MIB

Multiple initial DL BWP for RedCap UEs 

One potential issue may be the insufficient system capacity for initial access (e.g. for paging transmission and random access) due to massive number of RedCap UEs in the future for some scenarios, e.g., industrial wireless sensors. To boost the system capacity for initial access, it can be considered to configure multiple initial downlink BWPs.  Among these multiple initial DL BWP, one is the initial DL BWP configured by MIB. The other can be the “copies” of the initial DL BWP configured by MIB, e.g., same CORESET 0, same PDCCH search space and same bandwidth and subcarrier spacing can be used.  Only the central frequencies of these initial DL BWPs need to be configured. 

Different RedCap UEs can be distributed to different initial downlink BWPs for random access and paging reception, as shown in Figure 1.  With such mechanisms, all RedCap UEs can use the legacy initial downlink BWP which is configured in MIB and defined by CORESET 0 for time and frequency synchronization and system information reception. For Redcap UEs working in other initial DL BWPs, they can retune to this legacy initial downlink BWP if needed.
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Figure 1 Multiple initial DL BWP before initial access 

Proposal 5:  Multiple initial downlink BWPs for RAR and paging can be configured for RedCap UEs.

2.2. Initial UL BWP 
During RAN1#104bis-e meeting, we have the following agreements on initial UL BWP for RedCap UE during initial access:

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.

With the above 3 options, option 3 sacrifices the configuration flexibility for legacy NR UE. Option 1 complicates UE’s implementation since frequent frequency hopping would be needed for RedCap UE to operate in an initial UL BWP wider than its maximum channel bandwidth.  Therefore, our preference is option 2. With option 2, a separate initial UL BWP that is not wider than the RedCap UE maximum bandwidth can be configured or predefined for RedCap UE. 
We believe it is the same for the case after initial access.
Proposal 6: 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.
As discussed during previous RAN1 meetings, one issue for RedCap UE is the bandwidth of the FDMed RO may be wider than the maximum bandwidth of RedCap UEs. And it was agreed during RAN1#104-e meeting to 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

Option 1 allows the UE to send PRACH outside of the initial uplink BWP when the selected RO is outside of the initial uplink BWP configured for RedCap UE. After sending PRACH, the UE retune back to its initial downlink/uplink BWP for reception of Msg2/ Msg4 and transmission of Msg3, as shown in Figure 2. With this method, it does not need to restrict the RO configuration and only frequency retuning is needed for PRACH transmission. The potential specification impact may include a new timing relationship between PRACH and RAR (msg2) which shall take the retuning time into account. 
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Figure 2 Frequency retuning during initial access when selected RO is outside of the initial UP BWP for RedCap
For option 2, separate initial UL BWP(s) are configured for RedCap UEs. There may be 2 possible methods with option 2.  The first one is that different initial UL BWPs are configured for different RedCap UEs to cover all the ROs, as shown in Figure 3.  A RedCap UE can determine the initial UL BWP based on the selected RO and can send PRACH within its initial UL BWP. It can be seen that when the selected RO changes, e.g., a different RO for preamble retransmission with that of the initial preamble transmission, a different initial UL BWP may be used. 
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Figure 3 misalignments of the central frequency of initial DL BWP and that of multiple initial UL BWPs
With this method, the issue is that different initial UL BWP corresponding to different ROs may be used but there is only one initial DL BWP which is defined by CORESET 0 during initial access. The consequence is that the initial UL BWP and the initial DL BWP may have different central frequencies for TDD case. Hence the UE may need to retune its central frequency during the random access procedure. For example, as shown in Figure 4, the UE receives system information and paging in the initial DL BWP. When random access is triggered, the UE needs to retune its central frequency to align it with that of the initial UL BWP before sending PRACH. After sending PRACH in the initial UL BWP, the UE retunes back to the initial DL BWP for RAR reception. When RAR is successfully received, the UE again retunes back to the initial UL BWP for msg3 transmission. Then the UE switch back again to the initial DL BWP for Msg4 reception, etc. It can be seen that the UE needs to retune its RF frequency before transmission/reception of each message during random access.
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Figure 4 frequent retuning due to misalignments of the central frequency of initial DL BWP and that of multiple initial UL BWPs in TDD case
Another method for option 2 is that all RedCap UE use the same initial UL BWP that is separately configured/defined for RedCap UEs, as shown in Figure 2. With this method, the central frequency of initial UL BWP and that of initial DL BWP can be aligned for RedCap UE thus frequent frequency hopping issue as for method 1 can be resolved.   

With option 3, the PRACH configurations are restricted for the gNB. Option 3 can enable that the bandwidth of FDMed RO or the initial UL BWP is not wider than the maximum channel bandwidth for Redcap UEs. However, the price is the flexibility of the network configuration for legacy UE is impacted. 
Option 4 is to configure separate PRACH resources for Redcap UE. This method may complicate the gNB’s resource allocation and the resource utilization efficiency may degrade since Redcap UE and legacy UE can’t share the same PRACH resources. 
Based the discussions above and taking factors such as specification impact, implementation complexity and system efficiency into account, we propose that option 1 shall be adopted.
Proposal 7: During initial access, allow RedCap UE to send PRACH outside of its initial uplink BWP with RF retuning. RedCap UE shall use the same configured/defined initial UL BWP with the same central frequency as that of initial DL BWP. 
2.3. Dedicated BWP 
We have the following working assumption on non-initial BWP configuration for RedCap UEs. 

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 our view, it is straightforward to configure a non-initial (DL or UL) BWP that is not wider than maximum bandwidth of the RedCap UE. Basic BWP operation with restriction can simplify UE’s implementation thus it can serve as a starting point. Therefore, we propose to confirm the working assumption.
Proposal 8: Confirm the 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.

2.4. 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 [4], 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 consulate the BWP switching delay in such case.  
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Figure 5 Fast BWP switching for RedCap UE

Proposal 9: BWP switching can be considered to harvest frequency diversity gain for RedCap UE configured with a narrow BWP.
Proposal 10: send LS to RAN4 to consulate 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 made in RAN1#104bis-e:

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)

Proposal 3: For BWP#0 configuration option 2, a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
Proposal 4: After initial access, the following options can be considered for RedCap UE to derive its initial DL BWP:

· Option 1: Configure a separate initial DL BWP which is no wider than the Redcap UE bandwidth
· Option 2: To use a predefined initial BWP which is narrower than 20MHz in FR1 or 100MHz in FR2 

· Option 3: Still use the initial DL BWP configured by MIB

Proposal 5:  Multiple initial downlink BWPs for RAR and paging can be configured for RedCap UEs.

Proposal 6: 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.
Proposal 7: During initial access, allow RedCap UE to send PRACH outside of its initial uplink BWP with RF retuning. RedCap UE shall use the same configured/defined initial UL BWP with the same central frequency as that of initial DL BWP. 
Proposal 8: Confirm the 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 9: BWP switching can be considered to harvest frequency diversity gain for RedCap UE configured with a narrow BWP.
Proposal 10: send LS to RAN4 to consulate the BWP switching delay if only the central frequency is changed among the BWPs.
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