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1. Introduction

During RAN1# 106-e meeting, it has been agreed the following on UE bandwidth reduction for RedCap UEs:

Agreement 

Replace the RAN1#104bis-e working assumption with the following agreement:

· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.

· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).

· 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).

Agreement
Confirm the following working assumptions from RAN1#105-e:

· 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.

· 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.

Agreement
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.

· 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.

Agreement
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.

· Working assumption: The frequency hopping is enabled/disabled at least via SIB.

In this contribution, we further discuss aspects on reduced UE bandwidth for RedCap UEs, especially focusing on initial UL BWP and separate initial DL BWP. 
2. Discussion 
2.1. Initial UL BWP 
Based on the agreements that achieved during RAN1#106-e, the initial UL BWP for RedCap used during initial access shall at least include the ROs that corresponding to the best SSBs. In addition, the initial UL BWP and the initial DL BWP shall have the same centre frequency in TDD case, which follows the legacy principle for NR TDD UEs.  
Agreement
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.

· 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.
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 to be within the bandwidth of 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. 

Observation 1: For the case of non-shared ROs, a separate initial UL BWP can be configured to contain the ROs for RedCap UEs and have same centre frequency with the initial DL BWP.     
Observation 2: For the case of shared ROs and the bandwidth of all the ROs does not exceed the maximum bandwidth of RedCap UE, Redcap can share the same initial UL BWP for non-RedCapUEs. 

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

Proposal 1: Initial UL BWP can be determined based on the selected PRACH occasion when the bandwidth of ROs exceed the maximum bandwidth of RedCap UE. 
2.2. Why separate initial DL BWP is needed?
In case when the bandwidth of ROs exceed the maximum bandwidth of RedCap UE, 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
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Figure 4 using different initial UL BWP for RACH and other UL transmission
With option 1, frequency rerunning can be totally avoided. 

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.  

For the above 2 options, option 1 is preferred since it is easy for the UE implementation and less specification impact. Therefore, we have the following proposals:
Proposal 2: The initial DL BWP during initial access is determined based on the initial UL BWP that covers the selected RO.

Therefore, the first reason to support a separate initial DL BWP for RedCap UE is to align the centre frequency of initial UL BWP and that of initial DL BWP for TDD case. As discussed in previous RAN1 meetings, another motivation to support separate initial DL BWP is for offloading. 
2.3. What needs to be supported in the separate initial DL BWP for RedCap UE in idle/inactive mode
During RAN1#106e meeting, there have been a lot of discussion on what needs to be supported in the separate initial DL BWP. 
Whether CSS for RAR and CSS for paging shall be configured in the separate initial DL BWP
As discussed in session 2.1, in order to avoid frequency retuning during random access and avoid additional specification impact, a separate initial DL BWP is configured for RedCap UEs to align the centre frequency of initial UL BWP and initial DL BWP in TDD case. Therefore, CSS for RAR shall be configured in this separate initial DL BWP.
For RedCap UEs, paging can be monitored in the legacy MIB-configured initial DL BWP. In this case, there is no need to duplicate paging for the RedCap UEs in the separate initial DL BWP. When Random access procedure is triggered, RedCap UE can switch from the MIB-configured initial DL BWP to the separate initial DL BWP to monitor RAR.

In the future, as the number of RedCap UE increases, the paging load in the MIB-configured initial DL BWP would be huge. In this case, offloading paging for RedCap UEs to the separate initial DL BWP would be beneficial from the perspective of the system performance.  Therefore, CSS for paging can be configured in a separate initial DL BWP. 
Proposal 3: CSS for RAR shall be configured in the separate initial DL BWP. 
Proposal 4: CSS for paging can be configured in the separate initial DL BWP.

Whether CSS for SIB1 and OSI shall be configured in the separate initial DL BWP
Typically, a RedCap UE will read system information occasionally. When the UE needs to acquire the system information, the UE can read it in the MIB-configured initial DL BWP. Therefore, there is no strong need to configure CSS for SIB and OSI in the separate initial DL BWP.
Whether SSB shall be transmitted in the separate initial DL BWP
One important discussion point is whether SSB shall be transmitted in the separate initial DL BWP. For the purpose of RAR reception, since it happens only during random access. The UE can depend on CD-SSB in the MIB-configured initial DL BWP for synchronization. 
However, for the purpose of paging reception, if there is no SSB in the separate initial DL BWP, the UE needs to retune to MIB-configured initial DL BWP to receive SSB for synchronization every paging DRX cycle. It will complicate UE’s implementation and increase UE’s power consumption.

Therefore, we propose that when CSS for paging is configured in the separate initial DL BWP, SSB shall be configured in the separate initial DL BWP. 

In order to avoid the cell search procedure for NR UE and RedCap UE, the SSB send in the separate initial DL BWP can be on non-sync raster. The SSB can also be used for RRM measurement. In order to guarantee the synchronization and RRM performance, SSB shall be transmitted with enough density in the time domain.
Proposal 5: When CSS for paging is configured in the separate initial DL BWP, SSB shall be configured in the separate initial DL BWP.  

2.4. DL BWP for Redcap UE in RRC connected mode

As discussed during RAN1#106 meeting, another important issue is whether CORESET 0 and SSB shall be configured in a RRC configured DL BWP for RedCap UE in RRC connected mode. The key issue here is whether it is required for the RedCap UE to support Feature 6-1a. 

In our views, CORESET 0 may not be supported in the RRC configured DL BWP. But we shall cautiously treat SSB for this case. The implementation complexity shall be considered since it is a reduced complexity UE. If a RedCap UE report to the network that it doesn’t support Feature 6-1a, then SSB shall be transmitted in its configured DL BWP. 
Proposal 6: If a RedCap UE doesn’t support Feature 6-1a, then SSB shall be transmitted in its RRC-configured DL BWP. 

2.5. 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 3.  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 consulate the BWP switching delay in such case.  
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Figure 3 Fast BWP switching for RedCap UE

Proposal 7: BWP switching can be considered to harvest frequency diversity gain for RedCap UE configured with a narrow BWP.
3. Conclusions
In this contribution, we discussed bandwidth reduction for RedCap UEs and we have the following observations and proposals:  
Observation 1: For the case of non-shared ROs, a separate initial UL BWP can be configured to contain the ROs for RedCap UEs and have same centre frequency with the initial DL BWP.     
Observation 2: For the case of shared ROs and the bandwidth of all the ROs does not exceed the maximum bandwidth of RedCap UE, Redcap can share the same initial UL BWP for non-RedCapUEs. 

Proposal 1: 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 2: The initial DL BWP during initial access is determined based on the initial UL BWP that covers the selected RO.

Proposal 3: CSS for RAR shall be configured in the separate initial DL BWP. 
Proposal 4: CSS for paging can be configured in the separate initial DL BWP.

Proposal 5: When CSS for paging is configured in the separate initial DL BWP, SSB shall be configured in the separate initial DL BWP.  

Proposal 6: If a RedCap UE doesn’t support Feature 6-1a, then SSB shall be transmitted in its RRC-configured DL BWP. 

Proposal 7: BWP switching can be considered to harvest frequency diversity gain for RedCap UE configured with a narrow BWP.
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