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1   Introduction
RAN1 agreements/working assumptions on Reduced maximum UE bandwidth, Reduced minimum number of Rx branches, Maximum number of DL MIMO layers, Relaxed maximum modulation order, and Duplex operation made in RAN1 #104, RAN1 #104bis-e and RAN1 #105-e for the Rel-17 WI on ‘Support of reduced capability NR devices’ were summarized in [1].

In this contribution, we discuss the remaining issues on reduced maximum UE bandwidth for RedCap.

2   Reduced maximum UE bandwidth

For reduced maximum UE bandwidth of RedCap UEs, according to working assumptions made in RAN1 #105-e meeting, there still have some remaining issues related to initial DL BWP, initial UL BWP, RACH occasions, PUCCH transmission, etc. 

RAN1 #105-e 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

· 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)
Issue #1: FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission? 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?

If a separate initial UL BWP for RedCap UEs is configured in the middle of the legacy initial UL BWP, as shown in Figure 1, serious PUSCH resource fragmentation may be caused to non-RedCap UEs. It is essential to avoid or minimize PUSCH resource fragmentation to maintain the peak data rate performance of non-RedCap UEs.
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Figure 1 Potential PUSCH resource fragment caused by separate initial UL BWP for RedCap

If the separate initial UL BWP for RedCap is configured at the edge of legacy initial UL BWP for non-RedCap UEs, PUSCH resource fragmentation to legacy non-RedCap UEs can be minimized, as shown in Figure 2.
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Figure 2 Special configuration to minimize potential PUSCH resource fragment

For legacy NR, if system bandwidth is larger than the bandwidth of initial UL BWP, legacy configuration also has PUSCH resource fragmentation issue due to PUCCH transmission.
Observation 1: For legacy NR, if system bandwidth is larger than the bandwidth of initial UL BWP, PUSCH resource fragmentation issue also can not be avoided due to PUCCH transmission.
Proposal 1: The separate initial UL BWP for RedCap is configured at the edge of legacy initial UL BWP for non-RedCap UEs to minimize PUSCH resource fragmentation to legacy non-RedCap UEs.
Even though the separate initial UL BWP for RedCap is configured at the edge of legacy initial UL BWP for non-RedCap, due to PUCCH frequency hopping, it still causes some PUSCH resource fragmentation to legacy non-RedCap UEs. To avoid PUSCH resource fragmentation to legacy non-RedCap UEs, gNB should have the capability to disable PUCCH frequency hopping for RedCap UEs during initial access.  However, PUCCH performance would be significantly degraded if PUCCH frequency hopping is disabled.

Observation 2: PUCCH frequency hopping for RedCap UEs during initial access should be disabled to avoid PUSCH resource fragmentation to legacy non-RedCap UEs. However, PUCCH performance would be significantly degraded if PUCCH frequency hopping is disabled.
If separate initial UL BWP is configured for RedCap UEs, the transmission of PUSCH for RedCap Msg3 and the transmission of RedCap PUCCH for Msg4 HARQ feedback are confined within the separate initial UL BWP. Legacy PUSCH and PUCCH configuration scheme can be reused for RedCap UEs if separate initial UL BWP is configured.
Proposal 2: Legacy PUSCH and PUCCH configuration scheme can be reused for RedCap UEs if separate initial UL BWP is configured.

Issue #2: FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning

As we discussed in #Issue 1, PUSCH resource fragmentation to non-RedCap UEs can be avoided by configuring the separate initial UL BWP for RedCap UEs in the edge of legacy initial UL BWP for non-RedCap UEs and disabling PUCCH frequency hopping for RedCap UEs during initial access. In TDD case, same centre frequency of initial DL BWP and initial UL BWP is beneficial for UE complexity. If centre frequency of initial DL BWP is different from centre frequency of initial UL BWP, frequency retuning between DL and UL center frequencies would increase the UE complexity and power consumption of RedCap UEs. If the system capacity is limited and gNB cannot configure initial DL BWP and initial UL BWP with the same centre frequency, then there is a need to additionally support the case when the centre frequency is different. Centre frequency retuning can be minimized by optimized gNB configuration.
Observation 3: There is a need to additionally support the case when the centre frequency is different if initial DL BWP and initial UL BWP for RedCap UEs cannot be configured with the same centre frequency. 

Proposal 3: Centre frequency retuning can be minimized by optimized gNB configuration.
RAN1 #105-e 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

Issue #3: FFS details of configuration/definition of a separate initial DL BWP for RedCap UEs

For FR2, besides pattern 1, CORESET#0 and SSB can be multiplexed in pattern 2 and 3. The total bandwidth of SSB and CORESET #0 may be larger than 100 MHz maximum UE bandwidth of RedCap UEs. After SSB detection, the reduced capability UE decodes SIB1 and other SIs in CORESET#0 configured for legacy NR UEs. If the RedCap UE is identified by Msg1, common CORESET dedicated for RedCap UEs can be configured. If configured, the common CORESET dedicated for RedCap UEs is applied to RedCap UEs after successful decoding of SIB1 and other SIs. After decoding of SIB1 and other SIs, the RedCap UE performs initial access procedure in the common CORESET dedicated for RedCap UEs. As shown in Figure 3, frequency domain resource of common CORESET for RedCap UEs can be a truncated version of CORESET #0. By using the common CORESET dedicated for RedCap UEs, the RAR congestion problem can be relieved.

Therefore, if a separate initial DL BWP is configured for RedCap UEs, the separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s). 

To reduce the signaling overhead, part of the configuration can be predefined instead of being signaled. For example, the starting location of separate initial DL BWP for RedCap UEs can be assumed to same as that of initial DL BWP for non-RedCap UEs. Default bandwidth of separate initial DL BWP for RedCap UEs can be predefined if not signaled.
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Figure 3 

Proposal 4: If a separate initial DL BWP is configured for RedCap UEs, the separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s). 

· To reduce the signaling overhead, part of the configuration can be predefined instead of signaled.
Issue #4: If a separate initial DL BWP for RedCap UEs is configured/defined, can this separate initial DL BWP for RedCap UEs be used during the initial access?

If a separate initial DL BWP for RedCap UEs is configured/defined and the RedCap UE can be identified by Msg1, after decoding of SIB1 and other SIs, this separate initial DL BWP for RedCap UEs can be used during initial access. In this case, RAR search space dedicated for RedCap UEs can be configured in the separate initial DL BWP.

Proposal 5: If a separate initial DL BWP for RedCap UEs is configured/defined and the RedCap UE can be identified by Msg1, after decoding of SIB1 and other SIs, this separate initial DL BWP for RedCap UEs can be used during initial access. 

·  RAR search space dedicated for RedCap UEs can be configured in the separate initial DL BWP. 

Issue #5: 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?

For FR2, the total bandwidth of SSB and CORESET #0 may be larger than 100 MHz maximum UE bandwidth of RedCap UEs. In this case, a separately configured initial DL BWP for RedCap UEs does not need to contain the entire CORESET #0. If the RedCap UE is identified by Msg1, the RedCap UE can switch to the separate initial DL BWP after successful decoding of SIB1 and other SIs. The RedCap UE would retune back to CORESET #0 for SIB1 monitoring in case system information update.

Proposal 6: The Separately configured initial DL BWP for RedCap UEs does not need to contain the entire CORESET #0.

· The RedCap UE would retune back to CORESET #0 for SIB1 monitoring in case system information update.

Issue #6: FFS: supported bandwidths in the separate initial DL BWP?

For the optionally configured/defined initial DL BWP for RedCap UEs, all bandwidths not wider than the maximum RedCap UE bandwidth can be supported.

Proposal 7: For the optionally configured/defined initial DL BWP for RedCap UEs, all bandwidths not wider than the maximum RedCap UE bandwidth can be supported.

Issue #7: FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
To avoid unnecessary overhead, there is no need to transmit additional SSB in the separately configured DL BWP for RedCap UEs. 
Proposal 8: There is no need to transmit additional SSB in the separately configured DL BWP for RedCap UEs. 
Issue #8: For FDD case, whether or not an initial DL BWP for RedCap UEs can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access

For FDD, if the size of initial DL BWP is wider than maximum UE bandwidth of RedCap UEs, the RedCap UE can operate in the BWP if the frequency resources allocated are within the UE’s reception capability. However, the RedCap UE may need RF retuning due to flexible resource allocation. It may increase the UE’s power consumption and implementation complexity.  To minimize the negative impacts on RedCap UEs, a separate initial DL BWP can be configured in SIB1 for RedCap UEs. 

Proposal 9: For FDD, an initial DL BWP for RedCap UEs can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access

Issue #9: Dedicated paging occasions for RedCap UEs?

For FR2, if the total bandwidth of SSB and CORESET 0 is larger than the RedCap maximum UE bandwidth, the RedCap UE in Idle mode may need to monitor paging occasion within the frequency range of CORESET 0 and frequently retune to frequency location of SSB for SSB based synchronization and RRM measurement. To avoid the unnecessary power comsumption due to RF retuning, dedicated common CORESET and paging occasions, as shown in Figure 4, can be configured for the RedCap UEs in Idle mode so that paging occaions and SSB are within the same UE receiving bandwidth. 
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Figure 4 Dedicated PO for RedCap
For FR1, the RedCap UE in Idle mode does not have RF retuning problem when monitoring paging and SSB. But if dedicated paging search space is configured for RedCap UEs, unnecessary monitoring and wakeup can be avoided. It may be beneficial for power consumption for both legacy NR UEs and the RedCap UEs.

Proposal 10: In Idle mode, dedicated paging search space is considered for RedCap UEs.

Issue #10: Whether or not to send LS to RAN4 regarding RF switching time?
In RAN1 #105-e meeting, draft LS R1-2106092 and R1-2106187 on RF switching time to RAN4 were discussed. However, companies had no consensus on the details of draft LS.
For RedCap UEs, due to reduced maximum UE bandwidth, RAN1 should ask RAN4 whether existing BWP switching time for non-RedCap UEs is sufficient for RedCap UEs. For fast BWP switching that some companies proposed in previous meetings, considering cross-BWP measurement is required to support fast BWP switching, definition of dedicated measurement gap is necessary for RedCap UEs. It would increase power consumption and UE complexity for RedCap UEs. In addition, since resources reserved for measurement gap cannot be used for data transmission, it would have negative impact on UE’s data rate. It is obvious that capabilities of RedCap UEs are lower than legacy non-RedCap UEs, we don’t think any enhancements beyond legacy non-RedCap UEs can be considered for RedCap UEs. Before RAN1 has consensus on fast BWP switching, there is no need to increase RAN4’s workload.

Proposal 11: For RedCap UEs, RAN1 should ask RAN4 whether existing BWP switching time for non-RedCap UEs is sufficient for RedCap UEs.

3   Conclusion
In this contribution, we have discussed the open issues on reduced maximum UE bandwidth for RedCap UEs. We make the following observations and proposals:

Observation 1: For legacy NR, if system bandwidth is larger than the bandwidth of initial UL BWP, PUSCH resource fragmentation issue also can not be avoided due to PUCCH transmission.
Observation 2: PUCCH frequency hopping for RedCap UEs during initial access should be disabled to avoid PUSCH resource fragmentation to legacy non-RedCap UEs. However, PUCCH performance would be significantly degraded if PUCCH frequency hopping is disabled.
Observation 3: There is a need to additionally support the case when the centre frequency is different if initial DL BWP and initial UL BWP for RedCap UEs cannot be configured with the same centre frequency. 

Proposal 1: The separate initial UL BWP for RedCap is configured at the edge of legacy initial UL BWP for non-RedCap UEs to minimize PUSCH resource fragmentation to legacy non-RedCap UEs.
Proposal 2: Legacy PUSCH and PUCCH configuration scheme can be reused for RedCap UEs if separate initial UL BWP is configured.

Proposal 3: Centre frequency retuning can be minimized by optimized gNB configuration.
Proposal 4: If a separate initial DL BWP is configured for RedCap UEs, the separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s). 

· To reduce the signaling overhead, part of the configuration can be predefined instead of signaled.
Proposal 5: If a separate initial DL BWP for RedCap UEs is configured/defined and the RedCap UE can be identified by Msg1, after decoding of SIB1 and other SIs, this separate initial DL BWP for RedCap UEs can be used during initial access. 

·  RAR search space dedicated for RedCap UEs can be configured in the separate initial DL BWP. 

Proposal 6: The Separately configured initial DL BWP for RedCap UEs does not need to contain the entire CORESET #0.

· The RedCap UE would retune back to CORESET #0 for SIB1 monitoring in case system information update.

Proposal 7: For the optionally configured/defined initial DL BWP for RedCap UEs, all bandwidths not wider than the maximum RedCap UE bandwidth can be supported.

Proposal 8: There is no need to transmit additional SSB in the separately configured DL BWP for RedCap UEs. 
Proposal 9: For FDD, an initial DL BWP for RedCap UEs can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access

Proposal 10: In Idle mode, dedicated paging search space is considered for RedCap UEs.

Proposal 11: For RedCap UEs, RAN1 should ask RAN4 whether existing BWP switching time for non-RedCap UEs is sufficient for RedCap UEs.
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