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1 Introduction
New Rel-17 RedCap WID was approved in RAN#90-e meeting and its objectives are further revised in RAN#91-e meeting, shown as following [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.)
<…>
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.


In this contribution, we discuss some issues related to reduced bandwidth for RedCap UEs.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on reduced bandwidth for RedCap UEs
[bookmark: OLE_LINK69]Issue 1: Initial DL/UL BWP Configurations
	Agreements: [2]
· 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.



According to WID [1], RedCap UE supports 20MHz BW for FR1 and 100MHz BW for FR2 as a maximum UE’s BW. A RedCap UE may reuse the existing initial access procedure in a legacy NR to receive SS/PBCH block, PDSCH carrying SIBs, Msg2 PDSCH and Msg4 PDSCH without defining RedCap-specific operation since the initial DL BWP for non-RedCap UEs (defined by CORESET#0 BW) is not wider than the RedCap UE bandwidth capability. Also, it was agreed in the last RAN1#104-e meeting that the initial DL BWP for RedCap UEs can be the same as the initial DL BWP for non-RedCap UE. Thus, it is not required to define any RedCap-specific operations for initial access procedure to receive SS/PBCH block, PDSCH carrying SIBs, Msg2 PDSCH and Msg4 PDSCH in the initial DL BWP (defined by CORESET#0 BW). 
Note that the BW of SS/PBCH block and CORESET#0 in FR2, when multiplexing pattern 2 or 3 is applied, exceeds the RedCap BW capability (100MHz). However, it may not be a problem because a RedCap UE receives SS/PBCH block and corresponding CORESET#0 sequentially, which may cause some delay, but it can be acceptable to the RedCap UE which is not required to have tight latency requirement. 
One remaining issue for the initial DL BWP for RedCap UEs is whether or not to support an additional initial DL BWP(s) for RedCap UEs for offloading purpose. If the number of RedCap UEs increases, the large amount of RAR messages to the RedCap UEs may cause a severe congestion to non-RedCap UEs. To reduce the negative impacts to non-RedCap UEs during initial access procedure, therefore, a gNB may configure an additional initial DL BWP(s) for RedCap UE via SIB1 and the RedCap UE can acquire Msg2 RAR or Msg4 via the additional initial DL BWP for RedCap UE. However, since size of the Msg2 RAR is quite small (56 bits assumed in SI), it is not clear how much the congestion severely occurs in the initial DL BWP and how many RBs for the initial DL BWP(s) for RedCap UEs are required. Actually, if PRACH preambles are shared across the non-RedCap UEs and the RedCap UEs without any dedicated PRACH preambles for the RedCap UEs, the main bottleneck of the congestion would be the collision of PRACH preambles so that an additional initial UL BWP or an additional PRACH configuration for RedCap UEs is much more important to avoid the congestion. 
· Proposal 1: Since the initial DL BWP (defined by CORESET#0 BW) for non-RedCap UEs is no wider than RedCap UE BW capability, it is no need to configure an additional initial DL BWP for RedCap UEs for initial access purpose.
· Further discuss whether or not to support configuration of an additional initial DL BWP (or RedCap-specific CORESET#0) for RedCap UEs at least for offloading purpose, i.e., to receive Msg2/4 PDSCHs and corresponding PDCCHs.

In UL, the initial UL BWP for non-RedCap UEs may be configured to be wider than the RedCap UE BW capability. In fact, it is preferred to configure the initial UL BWP as wide as possible, i.e., the initial UL BWP would be the same as the cell BW. For example, the initial UL BWP in a cell of 100MHz is configured with 100MHz wide in general. This implies that the wider initial UL BWP 1) provides higher frequency diversity for Msg3 PUSCH transmission and PUCCH transmission with HARQ-ACK response for Msg4, 2) prevents UL resource fragments, 3) avoids configuring dedicated UL BWP with wider BW, and 4) does not incur an additional power consumption. 
For a cell with no wider than 20MHz in FR1, or 100MHz in FR2, the initial UL BW for non-RedCap UEs can be shared by the RedCap UEs. Similarly, as in the initial DL BWP, it was agreed in the last RAN1#104-e meeting that the initial UL BWP for RedCap UEs can be the same as the initial UL BWP for non-RedCap UE. The problem is a cell with a wider BW than 20MHz in FR1 or 100MHz in FR2, where the initial UL BWP for non-RedCap UEs should be reduced to 20MHz or 100MHz if the initial UL BWP for non-RedCap UEs is used for RedCap UEs as well. As mentioned above, such a restriction causes 1) lower frequency diversity for Msg3 PUSCH transmission and PUCCH transmission with HARQ-ACK response for Msg4, 2) UL resource fragments, 3) an additional configuration for full-bandwidth UL BWP for non-RedCap UEs. 
Another solution is to configure an additional UL BWP only for RedCap UEs, which can also be used to transmit PRACH, Msg3 PUSCH and PUCCH for Msg4 HARQ-ACK. At lease such an additional configuration may not be harmful for non-RedCap UEs’ initial access procedure. 
· Proposal 2: If the UL BWP for non-RedCap UEs is larger than RedCap UE bandwidth, a gNB should configure an additional UL BWP for RedCap UEs less than non-RedCap UE BW capability. 
· If the UL BWP for non-RedCap UEs is no larger than RedCap UE bandwidth, further discuss whether or not to support configuration of an additional initial UL BWP for RedCap UEs at least for offloading purpose, i.e., to transmit PRACH, Msg3 PUSCH or PUCCH for Msg4 HARQ-ACK. 

Issue 2: RACH Occasions
	Agreements:[2]
· 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



The BW of 8 FDM-ed ROs with 30kHz SCS is 35 MHz in FR1 and the BW of 8 FDM-ed ROs with 120kHz SCS is 138 MHz in FR2, which is not contained in the initial UL BWP for RedCap UEs (which is no wider than 20MHz in FR1 and 100MHz in FR2 as a maximum UE BW). Thus, some of ROs are fall outside of the initial UL BWP for RedCap UEs and if the RO is associated with the best SS/PBCH block, then UE behaviors should be defined. 
 Several options were discussed in the last RAN1#104-e meeting and it was agreed to study further four options. The straightforward solution is Option 3, where it is restricted that a gNB does not configure 8 FDM-ed RO with 30 kHz SCS in FR1 and with 120kHz SCS in FR2. However, it is obvious that the RACH capacity is far reduced and, more importantly, more RACH capacity would be desirable to support increase of the number of RedCap UEs. 
 For Option 2, a gNB can configure more than one initial UL BWP for non-RedCap UEs to cover the bandwidth of 8 FDM-ed ROs. It seems that two initial UL BWPs of 20MHz BW in FR1 or 100MHz bandwidth in FR2 are enough to cover the BW of 8 FDM-ed ROs. However, to configure more than one initial UL BWP for non-RedCap UEs, more signaling overheads in SIB are required. Also, even if the number of RedCap UEs is quite small, the gNB should always configure more than one initial UL BWP for non-RedCap UEs, which can be burden at network side.
 Option 4 may be acceptable when the number of RedCap UEs is quite large, where the separate PRACH configuration can increase RACH capacity and avoid impacts on the non-RedCap UEs in terms of the RACH capacity. However, as discussed in Option 2, even if the number of RedCap UEs is small, the PRACH configuration for non-RedCap UEs cannot be shared with RedCap UEs and the gNB should always configure dedicated PRACH configuration. Note that the dedicated PRACH configuration can be used for early RedCap UE identification purpose, which can be discussed separately. 
 For Option 1, a RedCap UE transmits a PRACH preamble in the RO associated with the best SS/PBCH block and RF of the RedCap UE can be properly returned to the initial UL BWP for the RedCap UE. With this option, the PRACH configuration for non-RedCap UEs can be shared with RedCap UEs. In addition, the RF retuning time for intra-band operation is around 50-200 µs, which is far smaller than 10ms RAR window. Thus, it can be acceptable without impacts on non-RedCap UEs. 
· Proposal 3: For RACH occasion outside RedCap BW capability,  
· Proper RF-retuning (Option 1) and a gNB configuration (Option 3) can be used as a starting point. 
· Do not support more than one initial UL BWP for RedCap UEs (Option 2).
· Further study the necessity of dedicated PRACH configurations for RedCap UEs for non-RedCap/RedCap UE identification purpose not reduced BW of a RO purpose (Option 4).


Issue 3: Msg3 PUSCH/PUCCH for Msg4 HARQ-ACK transmission
	Agreements: [2]
· 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)
· Note: 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 case that the initial UL BWP for RedCap UEs is narrower than the initial UL BWP for non-RedCap UEs, the RedCap UE may transmit Msg3 PUSCH and PUCCH with HARQ-ACK response for Msg4 within the initial UL BWP for RedCap UE. There are two problems to be considered. 
1) Coverage of UL transmission of RedCap UE: During SI phase, performance of Msg3 PUSCH and PUCCH for Msg4 HARQ-ACK was intensively evaluated, and it was concluded that for FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3dB. For other UL channels, coverage recovery may not be needed. To recover Msg3 PUSCH coverage, Msg3 PUSCH repetition which was studied in Rel-17 coverage enhancements WI can be used. Therefore, the coverage of Msg3 PUSCH or PUCCH for Msg4 HARQ-ACK can be enhanced without introducing any potential enhancements listed in the agreements. 
2) Multiplexing with other UL channels: To use UL resource efficiently, it would be better to schedule Msg3 PUSCHs for RedCap UEs and non-RedCap UEs in the same RBs with different hopping order. However, the frequency hopping of Msg3 PUSCH is based on the size of own initial UL BWP, it cannot schedule Msg3 PUSCHs for RedCap UEs and non-RedCap UEs in the same RBs with different hopping order. The problem is more critical for PUCCH for Msg4 HARQ-ACK. In Rel-15, PUCCH for Msg4 HARQ-ACK is located at edge of the initial UL BWP. Note that if the initial UL BWP is the same as cell bandwidth, then the PUCCH for Msg4 HARQ-ACK is located at edge of the cell. Such a configuration can 1) provide a good frequency diversity gain with largest separation in frequency domain and 2) avoid UL resource fragments, i.e., PUSCH can be scheduled in consecutive PRBs except the edge PRB(s). Therefore, to multiplex with other UL channels, it is proposed to support frequency hopping for Msg3 PUSCH and PUCCH for Msg4 HARQ-ACK based on the initial UL BWP of non-RedCap UEs, for RedCap UEs. 
· Proposal 4:
· In terms of coverage, it may not be necessary to introduce any potential enhancements listed in the agreements. 
· In terms of multiplexing with other channel, for RedCap UE, it is proposed to support frequency hopping for Msg3 PUSCH and PUCCH for Msg4 HARQ-ACK of RedCap UEs based on the initial UL BWP of non-RedCap UEs, not RedCap UE. 
3 Conclusion
In this contribution, we discussed aspects on reduced bandwidth for RedCap UE. The followings are proposed: 
· Proposal 1: Since the initial DL BWP (defined by CORESET#0 BW) for non-RedCap UEs is no wider than RedCap UE BW capability, it is no need to configure an additional initial DL BWP for RedCap UEs for initial access purpose.
· Further discuss whether or not to support configuration of an additional initial DL BWP (or RedCap-specific CORESET#0) for RedCap UEs at least for offloading purpose, i.e., to receive Msg2/4 PDSCHs and corresponding PDCCHs.
· Proposal 2: If the UL BWP for non-RedCap UEs is larger than RedCap UE bandwidth, a gNB should configure an additional UL BWP for RedCap UEs less than non-RedCap UE BW capability. 
· If the UL BWP for non-RedCap UEs is no larger than RedCap UE bandwidth, further discuss whether or not to support configuration of an additional initial UL BWP for RedCap UEs at least for offloading purpose, i.e., to transmit PRACH, Msg3 PUSCH or PUCCH for Msg4 HARQ-ACK.
· Proposal 3: For RACH occasion outside RedCap BW capability,  
· Proper RF-retuning (Option 1) and a gNB configuration (Option 3) can be used as a starting point. 
· Do not support more than one initial UL BWP for RedCap UEs (Option 2).
· Further study the necessity of dedicated PRACH configurations for RedCap UEs for non-RedCap/RedCap UE identification purpose not reduced BW of a RO purpose (Option 4).
· Proposal 4:
· In terms of coverage, it may not be necessary to introduce any potential enhancements listed in the agreements. 
· In terms of multiplexing with other channel, for RedCap UE, it is proposed to support frequency hopping for Msg3 PUSCH and PUCCH for Msg4 HARQ-ACK of RedCap UEs based on the initial UL BWP of non-RedCap UEs, not RedCap UE.
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