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1. Introduction
At RAN#91e meeting, revised WID on support of reduced capability NR devices was approved with the following objectives [1]:
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· 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.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 
[…]
Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 
· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.



At RAN1#104e meeting, following agreements and conclusions related to reduced maximum UE bandwidth were made [2]:
	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
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.
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



In the following sections, reduced maximum UE bandwidth for RedCap UEs and its specification impacts are discussed.


2. Reduced maximum UE Bandwidth
As captured in TR38.875, in general, UE bandwidth of 20 MHz for FR1 and 100 MHz for FR2 achieve good coexistence performance with legacy UEs while some specification work is needed to address the performance and coexistence impacts. Following aspects should be considered:
1. RACH occasions outside the UE BW
2. PUCCH (for Msg4/[MsgB] HARQ-ACK) / PUSCH (for Msg3/[MsgA]) frequency hopping outside the UE BW
3. Wider initial DL/UL BWP than the maximum RedCap UE BW
4. Additional CORESET for scheduling of RACH/Paging/SI messages

2.1. RACH occasions outside the UE BW
When 8 ROs are FDMed with 30kHz SCS, the total BW is 34.56 MHz for initial access. The ROs outside of initial UL BWP cannot be used and hence, UE may not be able to transmit PRACH corresponding to the best SSB. Therefore, the solution for the above invalid RO issue should be addressed. As mentioned in Section 1, this issue was discussed at RAN1#104e meeting and it was agreed to study further 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

As summarized in Table 1, Option 1 does not require any additional signalling while it may need longer time until PRACH is transmitted due to the RF-retuning time. In addition, as current spec does not allow PRACH transmission outside the initial UL BWP, the spec should be updated to allow RedCap UEs to transmit a PRACH outside the initial UL BWP, or to adjust the initial UL BWP to include the UE BW after RF-retuning. Option 2 allows flexible configuration of initial UL BWP dedicated to RedCap UEs which is also beneficial for collision handling of UL resources during random access and can be used for early identification as discussed in SI phase, while additional indication (either implicitly or explicitly) of the separate initial UL BWP is necessary. Option 3 has no spec impact while it have huge drawback of limited configuration for non-RedCap UEs so that all ROs must be confined with the BW supported by RedCap UEs. Similar to Option 2, Option 4 allows flexible configuration of ROs dedicated to RedCap UEs which is also beneficial for collision handling of PRACH resources and can be used for early identification as discussed in SI phase, while additional indication (either implicitly or explicitly) of the dedicated PRACH configurations is necessary.
Among these options, Option 3 would be enough if the system bandwidth is confined within the RedCap UE BW. However, if the system bandwidth is larger than the RedCap UE BW, limiting the configuration for non-RedCap UEs is not preferred option from system perspective. Considering the specification effort, common solution should be used as much as possible for different issues, such as PUCCH/PUSCH FH outside the UE BW and RedCap UE early identification. Therefore, we support Option 2 as the first preference. Option 3 can also be used for the common solution with RedCap UE early identification and Option 1 can also address the issue. Therefore, we are fine with these options as the second preference. 
Proposal 1: 
· Support at least one of the following options to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Aiming for the common solution with PUCCH/PUSCH FH outside the UE BW and RedCap UE early identification
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
· Aiming for the common solution with RedCap UE early identification

Table 1.  Comparison of options for RACH occasions outside the UE BW
	Options
	Pros
	Cons

	1. Proper RF-retuning
	· No additional signalling
	· May need longer time for PRACH transmission
· Need different interpretation of PRACH transmission or adjustment of initial UL BWP

	2. Separate initial UL BWP
	· Flexible configuration
· Beneficial for collision handling
· Can be used for early identification
	· Need additional indication (either implicitly or explicitly)

	3. gNB configuration
	· No spec impact
	· Limited configuration for non-RedCap UEs

	4. Dedicated PRACH configurations
	· Flexible configuration
· Beneficial for collision handling
· Can be used for early identification
	· Need additional indication (either implicitly or explicitly)



2.2. PUCCH/PUSCH frequency hopping outside the UE BW
When RedCap UEs share the same initial UL BWP, which is wider than RedCap UE BW, with non-RedCap UEs, the PRBs for PUCCH/PUSCH transmission may fall outside of RedCap UE BW, as they are determined based on the initial UL BWP configuration. Therefore, the solution for the above unavailable PUCCH/PUSCH resource issue should be addressed. As mentioned in Section 1, this issue was discussed at RAN1#104e meeting and it was agreed to study further following options:
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap
· Option 4: gNB configuration

As summarized in Table 2, Option 1 does not require any additional signalling and can avoid fragmentation of PUSCH resources for non-RedCap UEs as the same initial UL BWP configuration is used, while it may need longer time between 1st and 2nd hops due to the RF-retuning time. Option 2 allows flexible configuration of initial UL BWP dedicated to RedCap UEs which is also beneficial for collision handling of UL resources during random access and can be used for early identification as discussed in SI phase, while additional indication (either implicitly or explicitly) of the separate initial UL BWP is necessary and it may lead a fragmentation of PUSCH resources for non-RedCap UEs if the PUCCH/PUSCH resources for RedCap UEs are located in the middle of PUSCH resources for non-RedCap UEs. Similar to Option 2, Option 3 allows flexible configuration of PUCCH/PUSCH frequency hopping dedicated to RedCap UEs which is also beneficial for collision handling during random access, while additional indication (either implicitly or explicitly) of the separate PUCCH/PUSCH configurations is necessary and it may lead a fragmentation of PUSCH resources for non-RedCap UEs if the FH is confined within the RedCap UE BW. Option 4 has no spec impact while it have huge drawback of limited configuration for non-RedCap UEs so that all FHs must be confined with the BW supported by RedCap UEs.
Among these options, Option 4 would be enough if the system bandwidth is confined within the RedCap UE BW. However, if the system bandwidth is larger than the RedCap UE BW, limiting the configuration for non-RedCap UEs is not preferred option from system perspective. As discussed above, considering the specification effort, common solution should be used as much as possible for different issues. Therefore, we support Option 2 as the first preference. Option 1 can also address the issue, and hence we are fine with option 1 as the second preference. Option 3 is a subset of Option 2 and hence, we think it’s better to support Option 2.
Proposal 2: 
· Support at least one of the following options 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:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap
· Aiming for the common solution with RO outside the UE BW and RedCap UE early identification

Table 2.  Comparison of options for PUCCH/PUSCH frequency hopping outside the UE BW
	Options
	Pros
	Cons

	1. Proper RF-retuning
	· No additional signalling
· Avoid fragmentation of PUSCH resources for non-RedCap UEs
	· May need longer time between 1st and 2nd hops

	2. Separate initial UL BWP
	· Flexible configuration
· Beneficial for collision handling
· Can be used for early identification
	· Need additional indication (either implicit or explicit)
· Fragmentation of PUSCH resources for non-RedCap UEs

	3. Separate PUCCH/ Msg3/[MsgA] PUSCH configuration/indication/ interpretation
	· Flexible configuration
· Beneficial for collision handling
	· Need additional indication (either implicit or explicit)
· Fragmentation of PUSCH resources for non-RedCap UEs

	4. gNB configuration
	· No spec impact
	· Limited configuration for non-RedCap UEs



2.3. Wider initial DL/UL BWP than the maximum RedCap UE BW
As stated in Section 1, it is still FFS whether a RedCap UE is allowed to operate with an initial DL/UL BWP wider than the maximum RedCap UE bandwidth during and after initial access.
Regarding initial DL BWP, it is defined as CORESET#0 BW if UE is not provided initialDownlinkBWP and hence, it is confined within RedCap UE BW during initial access. If UE is provided initialDownlinkBWP in SIB1, initial DL BWP may be wider than RedCap UE BW after initial access. However, if different configuration/interpretation of initialDownlinkBWP in SIB1 is introduced between RedCap UEs and non-RedCap UEs, initial DL BWP can be confined within RedCap UE BW after initial access as well. As there is no strong motivation to introduce wider initial DL BWP than RedCap UE BW, it’s better to strive to support the solution to configure initial DL BWP to be confined within RedCap UE BW.
Proposal 3: 
· Support the solution to configure initial DL BWP by SIB1 to be confined within RedCap UE BW

Regarding initial UL BWP, as discussed above, proper RF-retuning is beneficial to avoid PUSCH resource fragmentation for non-RedCap UEs when RedCap UE needs to transmit UL outside of the RedCap UE BW, while whether to support or not depends on which option(s) for the 1st and 2nd discussion points are to be supported. Therefore, we are open to discuss this point after the progress for the 1st and 2nd discussion points are made.
Observation 1: 
· Wider initial UL BWP than RedCap UE BW is beneficial to avoid PUSCH resource fragmentation for non-RedCap UEs

2.4. Additional CORESET for scheduling of RACH/Paging/SI messages
[bookmark: _Hlk68609572]Additional CORESET for scheduling of RACH/Paging/SI messages is beneficial for offloading of these signalling, while the necessity of this feature depends on how many RedCap UEs camp on the cell. Therefore, RedCap UEs should support existing CORESET for scheduling of RACH/Paging/SI messages by default as long as the CORESET is confined within the RedCap UE BW, and can be configured with the additional CORESET if necessary under the NW control. We don’t see any signalling enhancement dedicated to the additional CORESET configuration (i.e., RRC configuration is enough), while we are open to discuss it further.
Proposal 4: 
· RedCap UEs support existing CORESET for scheduling of RACH/Paging/SI messages by default as long as the CORESET is confined within the RedCap UE BW
·  Additional CORESET can be configured if necessary
· FFS: signalling detail


3. Conclusion
In this contribution, we discussed reduced maximum UE bandwidth for RedCap UEs and its specification impacts. Based on the discussion, we made following observation and proposals.
Proposal 1: 
· Support at least one of the following options to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Aiming for the common solution with PUCCH/PUSCH FH outside the UE BW and RedCap UE early identification
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
· Aiming for the common solution with RedCap UE early identification
Proposal 2: 
· Support at least one of the following options 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:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap
· Aiming for the common solution with RO outside the UE BW and RedCap UE early identification
Proposal 3: 
· Support the solution to configure initial DL BWP by SIB1 to be confined within RedCap UE BW
Observation 1: 
· Wider initial UL BWP than RedCap UE BW is beneficial to avoid PUSCH resource fragmentation for non-RedCap UEs
Proposal 4: 
· RedCap UEs support existing CORESET for scheduling of RACH/Paging/SI messages by default as long as the CORESET is confined within the RedCap UE BW
·  Additional CORESET can be configured if necessary
· FFS: signalling detail
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