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1 Introduction
In RAN1 #104 e-meeting, the following was agreed [1] to operate Redcap devices with reduced BW:  
	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.

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

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 this contribution, we discuss remaining issues related to operate Redcap device with a reduced BW compared to normal devices.  
2. Discussion
In RAN Plenary 91-e meeting, the possibility of 40MHz after initial access for Redcap device was intensively discussed and concluded to not support. Hence, the reduced maximum bandwidth for Redcap was eventually finalized as 20MHz for FR1 and 100 MHz for FR2 [2]. 
2.1 Initial BWP
In NR, different ways are used for initial DL BWP and initial UL BWP configuration. The initial DL BWP is implicitly derived based on CORESET 0 and then can be re-configured to a wider BW by SIB1. An initial UL BWP is explicitly configured by SIB information. In Rel-15 and Rel-16 NR system, the initial DL BWP and initial UL BWP can be configured by SIB1 up to the entire carrier. One of FFS aspects identified in RAN1 104-e meeting was whether a Redcap device can be operated in an initial DL/UL BWP that has larger BW than maximum Redcap BW (e.g., 20Mhz in FR1) during and after initial access. Table 1 summarizes the resource determination for different channel and signals in initial access procedure in Rel-15/16 to facilitate the following discussion.  
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A few options were identified in the last RAN1 meeting [1] to enable operation of Redcap devices with an initial UL BWP wider than Redcap BW: 
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial DL/UL BWP(s) for RedCap UEs
· Option 3: Separate PRACH/ 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 restriction 
· 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
· e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
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Figure 1: Support of the PUCCH transmission with frequency hopping in initial UL BWP during initial access procedure

Opt.1 allows PUCCH resource sharing between non-Redcap and Redcap UEs during initial access and may benefit from the scheduling flexibility and spectrum efficiency perspective. On the other hand, it should be noted that in Rel-15 NR system, frequency hopping (FH) is always enabled for PUCCH transmissions in both FR1 and FR2 during initial access to improve PUCCH detection performance and maximize the UL coverage. Although FH can be disabled for Msg3 by RAR message, it causes coverage loss. It is therefore fairly assumed that FH is likely to be enabled by network for Msg3 at least for large cell deployment scenario. Assuming FH is enabled, PUCCH/Msg3 transmission would require a switching gap between two hops for RF retuning. Different ways can be considered to create switching gap. One simple way, as depicted in FIG.1A, is to puncture middle symbols of PUCCH/Msg3 resource, which inevitably reduces actual PUCCH/Msg3 symbols number from N1 to N2 per hop compared to normal device and eventually turns into UL coverage loss. Hence, Opt.1 is not a preferred solution. 
In Rel-15/16, before RRC establishment, the starting PRB of sixteen PUCCH resources is implicitly derived from the lowest PRB of the initial UL BWP configured by SIB1. As one consequence, PUCCH resource location in frequency is actually out of gNB control and the gap between two hops can be larger than Redcap BW if the BW of initial UL BWP configured by SIB1 (i.e.,  in FIG.1B) is wider than Redcap BW. To avoid this problem, gNB has to always configure initial UL BWP to within RedCap UE bandwidth with Opt.4. Note that initial UL BWP maybe also used for normal UEs even after initial access. Restricting BW of initial UL BWP within Redcap UE bandwidth (i.e., Opt.4) would unnecessarily degrade throughput performance of legacy UEs. 
Between Opt.2 and Opt.3, our preference is the former option as shown in FIG.1B. With Opt.2, the concern of UL coverage loss caused by switching gap is addressed. The signalling overhead is marginal and even can be fully mitigated by defining some implicit rules without the need of explicit signalling. As one example, the Redcap-specific initial UL BWP can be defined as the lowest PRBs or central PRBs up to the maximum Redcap BW (i.e., in FIG.1B) within initial UL BWP broadcasted in SIB1 for non-Redcap UE (i.e.,  in FIG.1B). Commonly for Opt.2/3/4, it requires Redcap device to be identified by gNB before Msg3 and PUCCH transmission such that gNB is able to properly schedule Msg3 scheduling and determine which PUCCH resources would be used by UE to feedback HARQ-ACK for Msg4. 

Proposal 1: Support earlier identification of Redcap device by separate PRACH resources. 
Proposal 2: If initial DL/UL BWP configured for non-Redcap UE in SIB1 is larger than max Redcap BW, support configuring a separate initial DL/UL BWP that is limited up to max Redcap BW (Opt.2). 



2.2 UE-specific BWP
After initial access, a UE can be configured with up to four UE-specific DL BWP and up to four UE-specific uplink BW. The detailed configurations of UE-specific BWP always tightly follow the capabilities reported by the given UE, including PDCCH (e.g., sub-slot-based PDCCH monitoring etc.)/PDSCH for DL BWP and PUCCH/PUSCH for UL BWP. This principle should be maintained for UE-specific BWP configuration for Redcap devices such as the reduced BW.   
Proposal 3: After initial access, a RedCap UE is NOT expected to configure with UE-specific DL/UL BWP(s) that is wider than the maximum RedCap UE bandwidth.



3. Conclusion 
In this contribution, we have presented our views on open issues related to reduced BW for Redcap devices. Based on the discussions above, the following was proposed: 
Proposal 1: Support earlier identification of Redcap device by separate PRACH resources. 
Proposal 2: If initial DL/UL BWP configured for non-Redcap UE in SIB1 is larger than max Redcap BW, support configuring a separate initial DL/UL BWP that is limited up to max Redcap BW (Opt.2). 
Proposal 3: After initial access, a RedCap UE is NOT expected to configure with UE-specific DL/UL BWP(s) that is wider than the maximum RedCap UE bandwidth.
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Table 1: Resource determination of initial access related channels

Signal/Channels Resource Allocation Wider than Comments
n Redcap BWe.g.,
Starting PRB Number of RBs 20Mhz in FR1?

SSB Based on GSCN 20 PRBs No Can share between
15kHz SCS: 3.6MHz Redcap and non-
30kHz SCS: 7.2MHz Redcap UEs

CORESET #0 Configured by MIB 15kHz SCS: up to 96 PRBs (17.28MHz) No Can share between

30kHz SCS: up to 48 PRBs (17.28MHz)

Redcap and non-
Redcap UEs

PRACH resource for
single RO in frequency

Derived based on msg1-
FrequencyStart in SIB1

15kHz SCS: 12 PRBs (2.16MHz) per PRACH
30kHz SCS: 12 PRBs (4.32MHz) per PRACH
60kHz SCS: 12 PRBs (8.64MHz) per PRACH

No, from single UE
perspective

Can share between
Redcap and non-
Redcap UEs

Msg2 Scheduled by DCI 1_0 with RA-RNTI | Scheduled by DCI 1_0 with RA-RNTI Controllable by
scheduler
Msg3 Scheduled by RAR Msg2 Scheduled by RAR Msg2 Controllable by

scheduler

Msg3 retransmission

Scheduled by DCI 1_0 with TC-RNTI

Scheduled by DCI 1_0 with TC-RNTI

Controllable by
scheduler

Msg4

Scheduled by DCI 1_0 with C-RNTI

Scheduled by DCI 1_0 with C-RNTI

Controllable by
scheduler
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