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1   Introduction
RAN1 agreements 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 and RAN1 #104bis-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, the remaining issues include initial DL BWP, initial UL BWP, RACH occasions, PUCCH, PUSCH transmission, etc. 

#Issue 1: After initial access, whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth?
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)

According to the definition in Appendix B2 of TS 38.331, BWP#0 configuration option 1 is “the BWP#0 is not considered to be an RRC-configured BWP, i.e. UE only supporting one BWP can still be configured with BWP#1 in addition to BWP#0 when using this configuration” while BWP#0 configuration option 2 is “the BWP#0 is considered to be an RRC-configured BWP, i.e. UE only supporting one BWP cannot be configured with BWP#1 in addition to BWP#0 when using this configuration”. BWP#0 configuration option is described from the UE’s perspective not network. Therefore, the network can configure a separate BWP#0 for RedCap UEs. For BWP#0 configuration option 2, the RedCap UE only supporting one BWP cannot be configured with BWP#1 in addition to the separate BWP#0. This is still aligned with the definition in Appendix B2 of TS 38.331.
After initial access, if a RedCap UE is allowed to operate with an initial DL BWP wider than the RedCap UE maximum bandwidth, RF retuning or additional specification effort is required to restrict RedCap UEs within its reception bandwidth, which is more complex than configuring a separate initial DL BWP. There is no difference between scheduling restriction of RedCap UEs within a set of resources within a larger BWP and configuring a separate BWP for RedCap UEs. Regardless of the BWP#0 configuration option, there is no strong motivation to allow a RedCap UE to operate with an initial DL BWP wider than the RedCap UE maximum bandwidth. 
Proposal 1: The following working assumption is confirmed with the modification

· 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)
#Issue 2: 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?
RAN1 #104bis-e 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.

· 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.

By restricting size of the initial UL BWP for non-RedCap UEs, RedCap UEs can share the same initial UL BWP for non-RedCap UEs. However, since the size of the initial UL BWP should be less than the RedCap UE maximum bandwidth. Option 3 would have negative impact on non-RedCap UEs.

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, to guarantee PUSCH transmission within the UE transmission capability for option 1, more power consumption and higher UE complexity would be expected since the RedCap UE should frequently retune to the appropriate transmission bandwidth. Option 2 can avoid unnecessary UE retuning.
If the initial UL BWP is wider than the RedCap UE maximum bandwidth, since legacy hopping gap is calculated based on the size of BWP, the frequency transmission region of the RedCap UE may be out of the UE transmission capability. Therefore, legacy frequency hopping scheme is not applicable for RedCap UEs if the size of initial UL BWP size is wider than the RedCap UE maximum bandwidth. Considering that BWP with bandwidth of 20 MHz can provide enough frequency selective gain, initial UL BWP wider than the RedCap UE maximum UE bandwidth is not beneficial. During initial access procedure, a PUCCH resource set is provided by pucch-ResourceCommon and a UE does not have dedicated PUCCH resource configuration. Without additional specification effort, for PUCCH for Msg4 HARQ, PUCCH frequency hopping cannot be disabled for RedCap UEs. In this case, if the initial UL BWP is wider than the RedCap UE maximum bandwidth, PUCCH transmission locates within the RF switching delay would be dropped. Even though PUCCH frequency hopping can be disabled by additional specification effort, PUCCH transmission performance would be degraded due to lack of hopping gain.

Proposal 2: 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.

#Issue 3: 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?

RAN1 #104-e Agreement:

· 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

If RedCap UEs share the same initial UL BWP configured for non-RedCap UEs, option 4 (always restricting the initial UL BWP to within RedCap UE bandwidth) can guarantee that PUCCH and PUSCH transmissions always fall within the RedCap UE bandwidth. But restricting the initial UL BWP may decrease the performance of non-RedCap UEs.

If the size of initial UL BWP configured for legacy non-RedCap UEs is wider than the maximum RedCap UE bandwidth, PUCCH for Msg4 HARQ feedback and PUSCH for Msg3 should be transmitted within the RedCap UE bandwidth. To guarantee that PUCCH and PUSCH transmissions fall within the RedCap UE bandwidth, the RedCap UE type should be identified before Msg3 scheduling. For option 1, frequent retuning may cause more power consumption for RedCap UEs. In addition, such RF-retuning would significantly increase the UE’s implementation complexity. For option 4, by restricting the frequency location and the amount of scheduled resource for Msg3 PUSCH, PUSCH for Msg3 can be within the RedCap UE bandwidth if frequency hopping is not enabled. However, according to current specification, frequency hopping of PUCCH for Msg4 HARQ cannot be disabled for RedCap UEs during initial access procedure. Without proper RF-retuning (option 1) or different frequency hopping (option 3), PUCCH/PUSCH transmission with frequency hopping cannot be always within RedCap UE bandwidth. For Option 2, by configuring separate initial UL BWP for RedCap UEs, the size of initial UL BWP for Redcap UEs is not wider than the maximum UE bandwidth of RedCap UEs. During initial access, frequency hopping of PUCCH for Msg4 and PUSCH Msg3 frequency hopping can be applied within the separate initial UL BWP. Option 2 has no specification impact on PUCCH/PUSCH frequency hopping.

Observation 1: Down selection of options for issue #3 depends the decision of issue #2. If Option 2 or Option 3 is agreed for issue #2, solutions for issue #3 is determined accordingly.
Proposal 3: Down selection of options for issue #3 can be handled until RAN1 has decision on issue #2.
#Issue 4: Whether an additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs?

For FR1, CORESET#0 and SSB are multiplexed in pattern 1 and can be configured as large as 17.28 MHz (96 RBs for 15 kHz SCS, 48 RBs for 30 kHz SCS) in frequency domain. Considering that the maximum bandwidth of RedCap UEs is 20 MHz during initial access, CORESET#0 can be reused for RedCap UEs.  However, large amount of RAR messages to RedCap UEs may cause congestion to legacy non-RedCap UEs. To avoid the negative impact on legacy non-RedCap UEs during initial access, if the RedCap UE type is identified by Msg1, common CORESET/search space dedicated for RedCap UEs can be introduced. 

For FR2, besides pattern 1, CORESET#0 and SSB can be multiplexed in pattern 2 and 3. CORESET #0 can be configured as large as 69.12 MHz in frequency domain. The total bandwidth of SSB and CORESET#0 may be larger than 100 MHz maximum UE bandwidth of RedCap UEs. To reduce the system overhead, RedCap UEs and non-RedCap UEs should share the same system information as much as possible.  After SSB detection, the reduced capability UE decode SIB1 and other SIs in CORESET#0 configured for legacy non-RedCap UEs. If RedCap UE type is identified by Msg1, as shown in Figure 1, common CORESET dedicated for RedCap UEs can be configured for RedCap UEs. 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. By using the common CORESET dedicated for RedCap UEs, the RAR congestion problem can be relieved.
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Figure 1 Common CORESET dedicated for RedCap UEs

Observation 2: During initial access, common CORESET/search space dedicated for RedCap UEs can relieve the RAR congestion problem and reduce the negative impacts on legacy non-Redcap UEs. 
Proposal 4: If RedCap UE type is identified by Msg1, common CORESET/search space dedicated for RedCap UEs can be applied during initial access.

For FR1 RedCap UEs in IDLE mode, if RedCap UEs and non-RedCap UEs share the same common search space for paging, non-RedCap UEs may need to receive the paging messages for RedCap UEs. It may cause increase of power consumption for legacy non-RedCap UEs. To avoid the negative impacts on legacy non-RedCap UEs, common CORESET/search space dedicated for RedCap UEs is used for paging.
For FR2 RedCap UEs in IDLE mode, if the total bandwidth of SSB and CORESET 0 is larger than the maximum bandwidth of the RedCap UE, the RedCap UE 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, common CORESET dedelacted for RedCap UEs can be used for paging so that paging and SSB are within the same UE receiving bandwidth. 

Observation 3: For FR2, if the total bandwidth of SSB and CORESET 0 is larger than the maximum RedCap UE bandwidth, unnecessary power consumption would be expected if the RedCap UE needs to monitor paging within the frequency range of CORESET 0 and frequently retune to the frequency location of SSB for SSB based synchronization and RRM measurement.

Proposal 5: For RedCap UEs in IDLE mode, common CORESET/search space dedicated for RedCap UEs can be used for paging.
#Issue 5: How to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth?
RAN1 #104-e Agreement:

· 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

For legacy PRACH configuration in FR1, when 8 ROs (configured with 30 kHz SCS short preamble or 5 kHz SCS long preamble) are FDMed, the total bandwidth of ROs would be 34.56 MHz which is larger than 20 MHz maximum UE bandwidth for RedCap UEs. For legacy PRACH configuration in FR2, when 8 ROs (configured with 120 kHz SCS short preamble) are FDMed, the total BW would be 138.24 MHz which is larger than 100 MHz maximum UE bandwidth for RedCap UEs.

If non-RedCap and RedCap UEs share the same ROs, option 1 and option 3 can be considered to guarantee that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth. For option 1, frequent RF-retuning may be unavoidable. Therefore, more power consumption would be expected for RedCap UEs. In addition, such RF-retuning would significantly increase the UE implementation complexity. For option 3, by restricting existing PRACH configuration, a RACH occasion associated with the best SSB can always fall within the RedCap UE bandwidth. However, such restrictions on existing PRACH configuration may increase the probability of the random access collisions.
To guarantee that a RACH occasion associated with the best SSB is within the RedCap UE bandwidth, dedicated UL initial BWP (option 2) can be configured for RedCap UEs. Dedicated PRACH configuration for RedCap UEs (option 4) should be configured so that the corresponding RACH resource for RedCap is entirely within the bandwidth of the initial UL BWP for RedCap UEs. If dedicated initial UL BWP is correctly configured, Msg3 hopping can also be applied within the dedicated initial UL BWP. In this case, the RedCap UE type also needs to be identified before Msg3 scheduling.
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Figure 2 Dedicated initial UL BWP and ROs for Redcap

Observation 4: If initial UL BWP configured for normal NR UEs is larger than maximum UE bandwidth of RedCap UEs, dedicated initial UL BWP and ROs for RedCap UEs can guarantee UL transmission within the UE transmission capability.
Observation 5: Down selection of options for issue #5 depends the decision of issue #2. If Option 2 or Option 3 is agreed for issue #2, solutions for issue #5 is determined accordingly.
Proposal 6: Down selection of options for issue #5 can be handled until RAN1 has decision on issue #2.
#Issue 6: Whether or not to send LS to RAN4 regarding RF switching time?
RAN1 #104-e conclusion:

· Discuss further in RAN1#104b-e whether or not to send LS to RAN4 regarding RF retuning time, and if so, the RAN1 details associated with question.

In RAN1 #104bis-e meeting, draft LS R1-2104046 to RAN4 on RF switching time was discussed.

RAN1 has discussed the RedCap WI objective on “Reduced maximum UE bandwidth” and would like to ask RAN4 whether it would be feasible to maintain the same RF switching times for RedCap UEs as currently specified for non-RedCap UEs or even reduce the RF switching times for RedCap UEs under the following assumptions with manageable impacts (to e.g. device cost, power consumption, and specifications):
· The RF switching takes place between two frequency locations with different centre frequencies.
· The maximum UE RF bandwidth is 20 MHz for FR1 and 100 MHz for FR2, and the frequency change is up to 80 MHz for FR1 and up to 300 MHz for FR2.
· The RF bandwidth, SCS, QCL, and RRC configuration can be assumed to be the same before and after the RF switching, i.e. it is only the centre frequency that changes.
· The RF switching may take place during initial access or after initial access.
Some companies didn’t agree to send the LS since RF switching time in the LS was not clear enough.
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 7: 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: Down selection of options for issue #3 depends the decision of issue #2. If Option 2 or Option 3 is agreed for issue #2, solutions for issue #3 is determined accordingly.
Observation 2: During initial access, common CORESET/search space dedicated for RedCap UEs can relieve the RAR congestion problem and reduce the negative impacts on legacy non-Redcap UEs. 

Observation 3: For FR2, if the total bandwidth of SSB and CORESET 0 is larger than the maximum RedCap UE bandwidth, unnecessary power consumption would be expected if the RedCap UE needs to monitor paging within the frequency range of CORESET 0 and frequently retune to the frequency location of SSB for SSB based synchronization and RRM measurement.

Observation 4: If initial UL BWP configured for normal NR UEs is larger than maximum UE bandwidth of RedCap UEs, dedicated initial UL BWP and ROs for RedCap UEs can guarantee UL transmission within the UE transmission capability.

Observation 5: Down selection of options for issue #5 depends the decision of issue #2. If Option 2 or Option 3 is agreed for issue #2, solutions for issue #5 is determined accordingly.

Proposal 1: The following working assumption is confirmed with the modification

· 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 2: 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 3: Down selection of options for issue #3 can be handled until RAN1 has decision on issue #2.

Proposal 4: If RedCap UE type is identified by Msg1, common CORESET/search space dedicated for RedCap UEs can be applied during initial access.

Proposal 5: For RedCap UEs in IDLE mode, common CORESET/search space dedicated for RedCap UEs can be used for paging.
Proposal 6: Down selection of options for issue #5 can be handled until RAN1 has decision on issue #2.
Proposal 7: 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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