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Introduction
In WID of R17 RedCap UE, the following objectives are specified for both RAN1 and RAN2:
· Specify support for UE complexity reduction features
· 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. 
· 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. 
· [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. 
In this contribution, we discuss the cross layer design considerations for system information and early indication of RedCap UE.

System Information of RedCap UE
According to the R17 WID for RedCap device [1], system information should indicate whether a RedCap UE can camp on the cell/frequency or not, and such indication should be specific to the number of RX branches since it is related to the DL coverage and spectral efficiency of UE [2]. Based on the network capacity and system loading, a cell can indicate in SIB1 whether RedCap devices with a specific number of RX branches are allowed to access [3].
When RedCap UE is allowed to access the NW, RedCap UE and non-RedCap UE can share the same SSB, CORESET0 and SIB1 [4]. Since the initial DL BWP of non-RedCap UE is initially defined by CORESET0, RedCap UE and non-RedCap UE can share the initial DL BWP during initial access, as shown by Figure 1. The other SIBs of RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the initial DL BWP of RedCap UE. 
[bookmark: PR1]Proposal 1: NW can indicate in SIB1 whether RedCap devices with a specific number of RX branches are allowed to access a cell.
Proposal 2: When Redcap UE co-exists with non-RedCap UE in the same cell, RedCap and non-RedCap UEs can share the same SSB, CORESET#0, SIB1 and initial DL BWP during initial access.
[bookmark: PR2]Proposal 3: When Redcap UE co-exists with non-RedCap UE in the same cell, other SIBs of RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the initial DL BWP of RedCap UE.
[bookmark: _Hlk71501226][bookmark: _Hlk71501619]Proposal 4: When RedCap UE and non-RedCap UE co-exist in a cell, and the initial UL BWP of non-RedCap UE is wider than the max BW of RedCap UE, the initial UL BWP of RedCap UE should be separately configured in SIB1. 

Proposal 5: PRACH resources for RedCap UE is configured within its initial UL BWP by SIB1..
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Figure 1: Shared SSB/CORESET0/SIB1/initial DL BWP between RedCap UE and non-RedCap UE

Early Indication of RedCap UE
As discussed in [2-4], early identification of RedCap UE type during initial access is necessary for network to treat RedCap UEs differently from non-RedCap UEs. As a result, RedCap UE can decode the PDCCH/PDSCH using reduced number of RX branches, obtain a valid UL grant, and transmit PUSCH/PUCCH within its initial UL BWP consistent with its reduced BW. 
When RedCap UE and non-RedCap UE co-exist in a cell and the initial UL BWP of non-RedCap UE is no wider than the max BW of RedCap UE, the two UE types can share the same initial UL BWP. 
When RedCap UE and non-RedCap UE co-exist in a cell and the initial UL BWP of non-RedCap UE is wider than the max BW of RedCap UE, NW needs to configure a separate initial UL BWP for RedCap UE, which can be nested in the initial UL BWP of non-RedCap UE, as shown in Figure 2.
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Figure 2: Initial UL BWP and RACH Occasion Configuration for RedCap UE

To determine the UL grant of msg3, NW needs to know the presence of RedCap UE before transmitting msg2. Therefore, it is imperative for a RedCap UE to indicate its presence via msg1. 
[bookmark: _Hlk68554625][bookmark: OB1]Observation 1: Without early indication in dedicated PRACH resources, NW does not know the presence of a RedCap UE before transmitting msg2 or msgB. This can cause persistent access issues for RedCap UE because:
· Initial UL BWP of RedCap UE cannot be wider than its max BW
· FDRA or frequency hopping outside RedCap UE’s initial UL BWP is invalid for msg3/PUCCH
· decoding failures of DL/UL messages can happen frequently when the coverage loss of RedCap UE is not accounted for in scheduling msg2/msg3/msg4/msgB
Observation 2: DL coverage recovery for msg2/msg4/msgB of RedCap UE can be triggered by msg1 or msgA preamble transmission from PRACH resources dedicated to RedCap UE.  
Observation 3: To improve the accuracy of DL coverage recovery, UE assistance information included in msg3 or msgA payload can be considered.
Proposal 6: When RedCap UE and non-RedCap UE co-exist in a cell, dedicated PRACH resources should be configured for RedCap UE to facilitate early identification of RedCap UE type. 

[bookmark: PR8]Proposal 7: To enable RACH occasions of RedCap UE be associated with SSB beam(s) with the best SS-RSRP, gNB should configure dedicated PRACH resources for RedCap UE within its initial UL BWP, which can be associated with all SSB beams transmitted during a SSB-to-RO association pattern period.

Conclusions
In this contribution, the following observations and proposals have been made for system information and early indication of RedCap UE:
Observation 1: Without early indication in dedicated PRACH resources, NW does not know the presence of a RedCap UE before transmitting msg2 or msgB. This can cause persistent access issues for RedCap UE because:
· Initial UL BWP of RedCap UE cannot be wider than its max BW
· FDRA or frequency hopping outside RedCap UE’s initial UL BWP is invalid for msg3/PUCCH
· decoding failures of DL/UL messages can happen frequently when the coverage loss of RedCap UE is not accounted for in scheduling msg2/msg3/msg4/msgB
Observation 2: DL coverage recovery for msg2/msg4/msgB of RedCap UE can be triggered by msg1 or msgA preamble transmission from PRACH resources dedicated to RedCap UE.  
Observation 3: To improve the accuracy of DL coverage recovery, UE assistance information included in msg3 or msgA payload can be considered.
Proposal 1: NW can indicate in SIB1 whether RedCap devices with a specific number of RX branches are allowed to access a cell.
Proposal 2: When Redcap UE co-exists with non-RedCap UE in the same cell, RedCap and non-RedCap UEs can share the same SSB, CORESET#0, SIB1 and initial DL BWP during initial access.
Proposal 3: When Redcap UE co-exists with non-RedCap UE in the same cell, other SIBs of RedCap UE can either be scheduled by SIB1, or be transmitted on-demand within the initial DL BWP of RedCap UE.
Proposal 4: When RedCap UE and non-RedCap UE co-exist in a cell, and the initial UL BWP of non-RedCap UE is wider than the max BW of RedCap UE, the initial UL BWP of RedCap UE should be separately configured in SIB1. 

Proposal 5: PRACH resources for RedCap UE is configured within its initial UL BWP by SIB1.
Proposal 6: When RedCap UE and non-RedCap UE co-exist in a cell, dedicated PRACH resources should be configured for RedCap UE to facilitate early identification of RedCap UE type. 

Proposal 7: To enable RACH occasions of RedCap UE be associated with SSB beam(s) with the best SS-RSRP, gNB should configure dedicated PRACH resources for RedCap UE within its initial UL BWP, which can be associated with all SSB beams transmitted during a SSB-to-RO association pattern period.
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