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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], there are the following objectives relating to the definition, identification and signaling for supporting RedCap devices –
· 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] 
In RAN1#104bis-e, as part of the discussion for the “Aspects related to reduced number of Rx branches” agenda item, the following agreements were made that have some bearing on the above objectives:

Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 
In this contribution, we address provide our thoughts on:
· [bookmark: _Hlk71107603]Why early indication of the RedCap UE and RX capability should be optionally supported
· How early indication of the RedCap UE and RX capability could be supported.
· The system information provided to indicate whether any RedCap UE or a RedCap UE with a specific number of RX branches can camp on the cell/frequency or not. 
· RACH resource configuration options for RedCap devices 

[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Discussions
2.1   Why early indication of the RedCap UE and RX capability should be optionally supported?
The existing access and UE capability reporting procedures can be reused to explicitly identify a RedCap UE and key layer 1 capabilities, such as the:
· Reduced number of UE Rx branches
· Relaxed DL maximum modulation order
· Half-duplex FDD operation
Depending on the scenario, the particular RedCap devices supported and the frequency range, certain attributes of the initial access procedure configuration may need to be or could be optimised to:
· Improve coverage recovery for certain lower complexity RedCap devices 
· Reduce the negative impacts to non-RedCap devices.  
These initial RACH access attributes include:
· The Initial UL and DL BWPs  
· Based on the working assumption in RAN1 #104bis-e, during initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth. The initial DL BWP may be shared between RedCap and non-RedCap UEs, or separate initial BWPs may be configured for RedCap and non-RedCap UEs. 
· In the former case, the bandwidth of the initial DL BWP is restricted to the RedCap UE bandwidth. When a large number of RedCap UEs attempt to perform initial access at the same time, the increased load in the reduced bandwidth may have some impact on non-RedCap UEs that are also attempting to perform initial access. However, the likelihood of capacity issues arising from the smaller initial BWP being shared by RedCap and non-RedCap UEs is expected to be small. 
· When separate initial BWPs are configured for RedCap UEs and non-RedCap UEs, there is no impact to non-RedCap UEs from RedCap UEs attempting to perform initial access.
· From the UL BWP agreement made at the RAN1#104bis-e meeting, RAN1 still needs to resolve if the initial UL BWP can be configured to be wider than the RedCap UE bandwidth.  
· If the initial UL BWP is shared and the same for RedCap and non-RedCap UEs, then as with initial DL BWP, there is a possibility of capacity issues for non-RedCap UEs as well as a potential degradation in performance for non-REDCAP UEs e.g. due to reduced frequency diversity.
· If the initial UL BWP supported can be larger than that supported by RedCap devices, then early identification of the RedCap device before the UE Capability Reporting procedure, will allow the network to avoid restraining the UL BW used for msg3 for non-RedCap devices.
· Msg2 transmission 
· As highlighted in the TR [2] and discussed in our other contribution [3], for RedCap devices with 1 receive antenna and reduced antenna efficiency, there could be a coverage loss of up to 6 dB in certain scenarios.  Also noted in that TR, is that existing TB scaling functionality could be used to compensate for that coverage loss.  If the network shares the same initial RACH access procedure and resources between RedCap and non-RedCap devices, then it will need to provision all msg2 transmissions with a TBS scaling factor to accommodate the worst-case RedCap device supported.  This will mean that msg2 is sent far less efficiently to both non-RedCap devices and the more capable RedCap devices. 
· Msg3 transmission
· For a RedCap UE with reduced antenna efficiency, coverage recovery of up to 3 dB may be required for Msg3. If the initial UL BWP is shared among RedCap and non-RedCap UEs and a RedCap UE is not identified through Msg1, then the network will generally schedule msg3 (using the Msg2 RAR) assuming the worst case RedCap device, which will mean valuable UL msg3 resources are less efficiently allocated to those non-RedCap and more capable RedCap UEs.
[bookmark: _Hlk71631111]Observation 1:	When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, and no form of early indication of RedCap type and Rx Capability is supported, then there will be scenarios where resources for initial access (e.g. msg2, msg3, msg4) are inefficiently over-provisioned for non-RedCap and more capable RedCap UEs.
Observation 2:	Early indication of RedCap devices by msg1 (either explicitly or implicitly via separate initial access resources) would enable to the network to more efficiently allocate resources during the initial access procedure.
Observation 3:      Additional msg1 based early differentiation of RedCap devices with 1 Rx antenna from other more capable RedCap devices with greater than 1 Rx antenna could be used to further improve the transmission efficiencies subsequent messages in the initial access procedure.
From the last RAN1#104b-e meeting, there was the following agreement.

Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported
Given the above discussions and observation, we have the following proposals: 
Proposal 1:		When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, the network can be configured to support one of the following options:
Option 1:   No early indication of RedCap UEs from non-RedCap UEs before the UE Capability reporting procedure.
Option 2:   Early indication using msg1 of RedCap UEs
· with no differentiation between the number of Rx antenna supported.
Option 3:   Early indication using msg1, of:
· RedCap UEs with 1 Rx antenna
· RedCap UEs with more than 1 Rx antenna
The updated WID [1] has the following objective relating to the support of RedCap early indication:
· 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]
In our view, the wording of this objective, indicates that RAN1 has a choice whether to specify either or both msg1 and msg3 methods of early indication and further that support for the specified method(s) in the network is configurable.  Given that msg3 triggered indication cannot be used to optimize either msg2 or msg3 transmission, we do not see a strong reason to support specification of a msg3 based early identification method in addition to msg1.
Proposal 2:	Using msg3 for early indication of RedCap type is not supported.
2.2   How early indication of the RedCap UE and RX capability could be supported.
With Proposal 1, we may consider supporting 2 levels of early indication using msg1.  The simplest level makes no distinction between the number of Rx antennas support and the other level, differentiates RedCap UEs supporting only 1 Rx antenna from those supporting more than 1 Rx antenna.  We support the option to allow the Network to configure either of these alternative differentiation levels (e.g. depending on RACH resources or the RedCap UE types present), hence the following proposals:
Proposal 3:       When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, msg1/msgA can be configured to differentiate between the following sets of UEs   using different PRACH preambles and/or RACH occasions:
· RedCap UEs 
· Non-RedCap UEs 
Proposal 4:       When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, msg1/msgA can be configured to differentiate between the following sets of UEs using different PRACH preambles and/or RACH occasions:
· RedCap UEs with 1 Rx antenna, 
· RedCap UEs with more than 1 Rx antenna
· Non-RedCap UEs
Observation 4:    Support of Proposal 4, allows proposal 3 to be supported implicitly, e.g. by assigning the same preambles to all RedCap UEs, irrespective of the number Rx antenna.
2.3   SI provided to indicate whether a RedCap UE can camp on the cell/frequency or not. 
Before sending any connection request to base station mobile device shall evaluate broadcast information to determine if service to that cell is barred or not.  
The NR MIB has 2 bits reserved for cell barring purposes:
· cellBarred	indicates whether the cell allows UEs to camp on this cell as per specification TS 38.304.   This 1 bit bars ALL types of UEs attempting to camp onto the cell.
· intraFreqReselection 	indicates if Intra frequency cell reselection is Allowed or notAllowed. It controls cell reselection to intra-frequency cells when the highest ranked cell is barred, or treated as barred by the UE as specified in TS 38.304
Observation 5:	The NR MIB “cellBarred” bit applies to all UEs (RedCap and non-RedCap) attempting to access the cell.
For LTE MTC devices, 5 spare bits within the LTE MIB are repurposed to provide explicit scheduling information, via the schedulingInfoSIB1-BR-r13 IE, for the MTC specific version of SIB1.  The absence of any information in these bits effectively bars MTC devices from accessing that cell.  Unfortunately, the NR MIB has between 1-3 spare bits depending on the configuration, so whilst in theory a spare MIB bit could be repurposed to indicate RedCap device barring, given other new NR features, this bit is most likely reserved to indicate a MIB extension.
Observation 6:		The NR MIB does not support enough spare bits to indicate RedCap device specific barring.
From reading the NR MIB, specifically the 8 bits used to convey the pdcch-ConfigSIB1 IE, non-RedCap devices can determine the coreset and associated search space, in which to monitor for DCI format 1_0 scrambled by the SI-RNTI.  Given the simplified set of options for transmitting SIB1, DCI format 1_0 carries 15 reserved bits, when used to schedule SIB1 and other SIB messages.  
Observation 7:	   The DCI format 1_0 variant used to schedule SIB1 and other SI messages has 15 reserved bits.
Within SIB1 there are already IEs, specifically the uac-BarringInfo IE (shown below) that could be enhanced to bar RedCap devices.
 [image: ]
UAC relies on two key concepts, UE access identity and UE access category. 
·  UE “access” identity 
This is determined by the a few parameters in the UICC (SIM), and basically defines the access class (or owner) of the UE, i.e. Emergency Services, Public Utilities, Mission Critical service, etc.  Note there are a few reserved values (3-10) for the UE access identity currently available.  
·  UE “access” category 
This is determined by the type of service that the device wishes to initiate with the cell.   As with the UE access identity, there are a number of spare “operator defined” Access Categories, but these can only be configured with NAS signalling via a RRC connection.
Using the SIB1 uac-BarringInfo information elements, the network can either completely bar or deprioritise/delay access for certain combinations of UE-identity and UE-category.   
Per the recent LS response from CT1 [4], 
[bookmark: _Hlk69931230]From CT1 perspective it would be possible to extend UAC to support differentiation between RedCap and non-RedCap UEs via creation of one or more new Access Identities, creation of one or more new Access Categories, or both of them.
[bookmark: _Hlk71408426]Observation 8:	The enhancement of the existing UAC framework to differentiate RedCap from non-RedCap has been agreed possible by CT1.
Given that we can foresee scenarios where an operator may wish to have a cell that:
a. Supports service to non-RedCap UEs but bars service to all RedCap devices; or
b. Supports service to non-RedCap UEs but bars services to a subset of RedCap UEs with either only 1 RX antenna or more than 1 RX antenna.

Then this type of “hard” barring (intended to compliment the UAC more granular style of “soft” barring) would need be performed at the SIB level.  
Observation 9:        RedCap UEs can use SIB1 to determine if a cell supports:
· All RedCap UEs
· Only RedCap UEs with greater than 1 Rx Antenna
· Only RedCap UEs with 1 Rx Antenna
· No RedCap UEs

Using SIB1 to indicate RedCap “hard” barring, would then mean that: RedCap devices need to invest time and power into receiving and fully decoding the SIB1.  
A more efficient way to convey if certain RedCap UEs are “hard” barred from a cell is via using some of the reserved bits available in the DCI that schedules the SIB1 PDSCH.
Proposal 5:        RedCap UEs can use repurposed reserved bits in the DCI that schedules the SIB1 PDSCH, to determine if a cell supports:
· All RedCap UEs
· Only RedCap UEs with greater than 1 Rx Antenna
· Only RedCap UEs with 1 Rx Antenna
· No RedCap UEs

2.4    RACH resource configuration options for RedCap devices 
From RAN1 #104b-e meeting, we have the following agreement.
Agreement:
· [bookmark: _Hlk71542230]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.
Configuration of RACH resources can be considered for each of the options. 
Option 1: The RedCap UE operates in an initial UL BWP that may be wider than the RedCap UE bandwidth.
Alt. 1-1: 	The common RACH configuration for the initial UL BWP is shared between RedCap UEs and non-RedCap UEs. The bandwidth of the common RACH configuration may exceed the RedCap UE bandwidth due to FDM of RACH occasions. The UE is able to transmit in any RACH occasion by retuning as necessary. Early identification of RedCap UEs is supported through RACH preamble partitioning.
Option 2: A separate initial UL BWP is configured for RedCap UEs.
[bookmark: _Hlk71126244]Alt. 2-1: 	The RedCap UE initial UL BWP may or may not overlap with non-RedCap UE initial UL BWP and each initial UL BWP has its own common RACH configuration. Early identification of RedCap UEs is supported through using the RACH configuration in a separate initial UL BWP.
Alt. 3-2: 	The RedCap UE initial UL BWP overlaps with non-RedCap UE initial UL BWP and the common RACH configuration for the non-RedCap UE initial UL BWP is shared with the RedCap UE. Furthermore, some FDM RACH occasions may fall outside the RedCap UE initial UL BWP and the RedCap UE may retune to transmit in a RACH occasion that is outside its initial UL BWP. Early identification of RedCap UEs is supported through RACH preamble partitioning.
Alt. 3-3: 	The RedCap UE initial UL BWP overlaps with non-RedCap UE initial UL BWP and the common RACH configuration for the non-RedCap UE initial UL BWP is shared with the RedCap UE. Furthermore, the RedCap UE initial BWP location is selected based on the selected RACH occasion to ensure that the RACH occasion is inside the initial UL BWP. Early identification of RedCap UEs is supported through RACH preamble partitioning.
Option 3: A single UL initial BWP is configured and shared between RedCap and non-RedCap UEs.
Alt. 3-1: 	The common RACH configuration for this initial UL BWP is shared between RedCap UEs and non-RedCap UEs and early identification of RedCap UEs is supported through preamble partitioning.
Alt. 3-2: 	Separate RACH occasions for RedCap UEs are signaled via a new dedicated RACH configuration, which also enables early identification.

Observation 10: 	Various alternatives for RACH configuration can be considered depending on whether the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth is allowed or not.
Conclusions
In this contribution, we have discussed Higher Layer Support of Reduced Capability NR Devices from the RAN1 perspective, and have the following observations and proposals:
Observation 1:	When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, and no form of early indication of RedCap type and Rx Capability is supported, then there will be scenarios where resources for initial access (e.g. msg2, msg3, msg4) are inefficiently over-provisioned for non-RedCap and more capable RedCap UEs.
Observation 2:	Early indication of RedCap devices by msg1 (either explicitly or implicitly via separate initial access resources) would enable to the network to more efficiently allocate resources during the initial access procedure.
Observation 3:      Additional msg1 based early differentiation of RedCap devices with 1 Rx antenna from other more capable RedCap devices with greater than 1 Rx antenna could be used to further improve the transmission efficiencies subsequent messages in the initial access procedure.
Observation 4:    Support of Proposal 4, allows proposal 3 to be supported implicitly, e.g. by assigning the same preambles to all RedCap UEs, irrespective of the number Rx antenna.
Observation 5:	The NR MIB “cellBarred” bit applies to all UEs (RedCap and non-RedCap) attempting to access the cell.
Observation 6:		The NR MIB does not support enough spare bits to indicate RedCap device specific barring.
Observation 7:	   The DCI format 1_0 variant used to schedule SIB1 and other SI messages has 15 reserved bits.
Observation 8:	The enhancement of the existing UAC framework to differentiate RedCap from non-RedCap has been agreed possible by CT1.
Observation 9:        RedCap UEs can use SIB1 to determine if a cell supports:
· All RedCap UEs
· Only RedCap UEs with greater than 1 Rx Antenna
· Only RedCap UEs with 1 Rx Antenna
· No RedCap UEs
Observation 10: 	Various alternatives for RACH configuration can be considered depending on whether the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth is allowed or not.
Proposal 1:		When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, the network can be configured to support one of the following options:
Option 1:   No early indication of RedCap UEs from non-RedCap UEs before the UE Capability reporting procedure.
Option 2:   Early indication using msg1 of RedCap UEs
· with no differentiation between the number of Rx antenna supported.
Option 3:   Early indication using msg1, of:
· RedCap UEs with 1 Rx antenna
· RedCap UEs with more than 1 Rx antenna
Proposal 2:	Using msg3 for early indication of RedCap type is not supported.

Proposal 3:       When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, msg1/msgA can be configured to differentiate between the following sets of UEs   using different PRACH preambles and/or RACH occasions:
· RedCap UEs 
· Non-RedCap UEs 
Proposal 4:       When the same initial access configuration (i.e. UL and DL BWPs) is shared by both RedCap and non-RedCap UEs, msg1/msgA can be configured to differentiate between the following sets of UEs using different PRACH preambles and/or RACH occasions:
· RedCap UEs with 1 Rx antenna, 
· RedCap UEs with more than 1 Rx antenna
· Non-RedCap UEs
Proposal 5:        RedCap UEs can use repurposed reserved bits in the DCI that schedules the SIB1 PDSCH, to determine if a cell supports:
· All RedCap UEs
· Only RedCap UEs with greater than 1 Rx Antenna
· Only RedCap UEs with 1 Rx Antenna
· No RedCap UEs
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