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1. Introduction
[bookmark: _Hlk525462591]At the RAN Plenary meeting #90e, a WID [1] for the support of reduced capability NR devices was approved.  This WID contains the following objective:
· [bookmark: _Hlk58502603]Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:
· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 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.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).
In this contribution, we provide our thoughts on this objective. 

2. 	Discussion

[bookmark: _Hlk60768805]2.1    High Level Framework

When the REDCAP UE performs initial access in a cell where it is supported, it must signal to the network that it is REDCAP UE and, if multiple types are supported, an indicator of RedCap UE type. A key question left unanswered from the Study Item phase, is:

· At what stage should REDCAP devices be identified by the Network?

Within the TR [2] a number of pros and cons are listed for the various stages at which the Network could identify REDCAP devices.  No decision/recommendation was made during the SI phase, as to what stage was preferred due to:

· The conclusions of the coverage analysis not being completed.   
· Potentially there are no coverage issues, and REDCAP and non-REDCAP devices can share the same RACH resource configurations.
· The number and capabilities of different types of REDCAP devices not being defined.
· Potentially for a given carrier, there are multiple REDCAP devices with differing coverage capabilities for which RACH resources could be optimized in different ways.


The relevant TR coverage findings copied are below:

-	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 3 dB. For other UL channels, coverage recovery may be not needed.

-	For FR1 including both FDD and TDD bands and RedCap UE with 2 Rx and reduced antenna efficiency, the MIL(s) of all the downlink channels are better than that of the bottleneck channel for the reference NR UE and coverage recovery is not needed. 

Based on the WID description of REDCAP device characteristics locked down thus far, the following reduced complexity features are required to be specified for a REDCAP UE according to the WI objective:

· Reduced maximum UE bandwidth
· Reduced number of UE Rx branches
· Relaxed maximum number of MIMO layers
· Relaxed DL maximum modulation order
· Half-duplex FDD operation
Yet another potential feature of REDCAP UEs, which does not appear in the list of REDCAP capabilities in the WI objectives but does appear in the use case descriptions, is reduced antenna efficiency due to small device form factor. In our opinion, this feature should be considered as it can impact coverage recovery during initial access.

Observation 1: 	A REDCAP UE with reduced antenna efficiency due to small UE form factor may require support of coverage recovery during initial access.

then the following observations can be made:

[bookmark: _Hlk61786036]Observation 2:	There are different types (sets of capabilities) of REDCAP devices that the same cell could support, some with 1Rx, others with 2Rx, and some of those with reduced antenna efficiency (due to the device form factor), that will have differing coverage capabilities that could be optimized for during the initial RACH access procedure.

Observation 3:       There are certain carrier frequencies where certain REDCAP devices (1 RX with reduced antenna efficiency) will need/benefit from some form coverage compensation for msg3 during initial access, compared to the reference NR UE for that carrier frequency.

Given the above observations, it would be easy to mandate that the network uses msg1 as the initial access stage to differentiate REDCAP devices from non-REDCAP devices.  However there exist several reasons why we consider this should be optional, that we state below as observations:

Observation 4:	The cell may BAR the subset of REDCAP devices (1 RX with reduced efficiency) but support other REDCAP devices (e.g. 2 RX or 1 RX with normal efficiency).
· 	Barring types of REDCAP devices can be achieved using SI and/or SI DCI.

Observation 5:	The cell can configure the existing message transmissions during random access procedure for non-REDCAP devices to be more conservatively transmitted, so that they can also be received by both non-REDCAP devices and REDCAP devices, but this would come at the cost of network efficiency.

Observation 6:	There are many carrier frequencies where coverage recovery is not required, so differentiation with msg1 is not always necessary.

Observation 7:      A network may wish to use different RACH resources for REDCAP devices to support better load balancing.

Given the above observations, we propose the following:

[bookmark: _Hlk61802792]Proposal 1:   	A cell can be optionally configured to identify certain REDCAP device types (a type defines a subset of capabilities, e.g. reduced antenna efficiency and number of rx antennas) using msg-1 of the initial access procedure to:

1. Optimise further message transmission during random access procedure.
2.  Support load balancing of RACH resources between REDCAP and non-REDCAP devices.

Table [1] below shows (copied from the TR [2]), there are several methods and concerns for the use of msg1.   


	Pros
	Cons

	Enables efficient handling of different UE minimum processing times between RedCap and non-RedCap UEs for: minimum timing between PDSCH carrying RAR and start of Msg3 PUSCH; minimum timing between PDSCH carrying Msg4 and the corresponding HARQ-ACK feedback; minimum timing between PDCCH with the retransmission grant and the corresponding Msg3 PUSCH retransmission, if relaxed UE min processing times are introduced for RedCap UEs.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
	[bookmark: _Hlk61337195]Potential reduction in PRACH user capacity (for the options based on separation of PRACH preambles), impacting both RedCap and non-RedCap UEs respectively, e.g., if the total PRACH resources in the cell is not increased. The exact impact depends on numbers of device type(s)/sub-types/capabilities to be identified and exact details of PRACH preamble partitioning schemes.

	Enables coverage recovery, including link adaptation, for any one or more of: broadcast PDCCH, PDSCH associated with Msg2, PDSCH associated with Msg4, and PUSCH associated with Msg3, if coverage recovery is needed for these channels.
	Potential increase in UL OH from PRACH (for the options based on separation of PRACH resources), impacting both RedCap and non-RedCap UEs.

	The option of configuring separate initial UL BWPs, in addition to the above pros, enables address congestion (if congestion may occur) in the initial UL BWP that may otherwise need to be restricted to the mandatory required BW for RedCap UEs in the band/FR.
	Potential increase in UL OH and complexity in configuration and maintenance of multiple initial UL BWP for the gNB, for the option of configuring separate initial UL BWPs.

	
	The indication mechanisms in this category may be limiting in terms of the number of further sub-types/capabilities within RedCap device type that may be distinguished, if such sub-types/capability indication are introduced.

	
	Higher impact to RAN1 and RAN2 specifications as well as increased SIB signalling OH compared to other options.


Table 1:  TR38.875 Table 11.1.1-1: Pros and cons for identification of RedCap UE type(s) during transmission of Msg1

In our view, provided the number of different REDCAP types whose coverage needs are optimised for during the RACH access phase (e.g. improved msg3 transmission) is kept to a minimum, e.g., 1 or 2, then we believe that msg1 REDCAP differentiation using PRACH preambles and/or occasions will not significantly impact available RACH capacity and be far simpler to specify than defining an additional initial UL BWP.

Proposal 2:   	Differentiation between a few REDCAP types using msg-1 is achieved using PRACH preambles and/or RACH occasions.
	FFS:   The subsets of capabilities that define the types differentiated at this stage.

Note that the Network can reuse existing higher mode procedures, such as the “UE radio access capability information procedure” to retrieve a more comprehensive set of the capabilities (e.g. 256 QAM, HD-FDD, higher 40MHz BWP support) once the UE has entered RRC connected state.  These higher procedures are particularly important if the option of using msg1 differentiation is not used (as we believe it should be optional).  If msg1 REDCAP differentiation is used, then it should be limited to the minimum number of REDCAP types that would benefit from RACH resource optimisation.

Observation 8:     Once the REDCAP UE has entered RRC connected state, the network can reuse higher layer procedures to retrieve a comprehensive view of the device capabilities, including capabilities such as:

· 256 QAM
· HD-FDD
· Number of RX (if not indicated during initial access)
· Reduced antenna efficiency (if not indicated during initial access)

Proposal 3:   	The number of REDCAP types differentiated using msg-1, are limited to those that would impact the efficiency of the random access procedure.



2.2	Definition of RedCap UE types

It was agreed during the REDCAP study that explicit definition of REDCAP UE type(s) is needed. It is also discussed above how different REDCAP UE types may be differentiated during initial access. The reduced complexity features are required to be specified for a REDCAP UE are listed in Section 2.1.  Of these features, it is mandatory for a REDCAP UE to have a reduced maximum bandwidth of 20 MHz in FR1 and 100 MHz in FR2. It is to be decided in RAN #91e whether to include optional support of a wider bandwidth up to 40 MHz after initial access in FR1. While a reduced number of UE Rx branches is also mandatory for a REDCAP UE, the minimum number of Rx branches supported depends on the frequency band. In frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, a REDCAP UE may have either or 1 or 2 Rx branches. In frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches that a REDCAP UE is required is not yet determined but will be either 1 or 2. If the minimum number is determined to be 1, then REDCAP UEs are with either 1 or 2 Rx branches are likely to be supported in these bands. If the minimum number is determined to be 2, then REDCAP UEs with only 2 Rx branches are expected to be supported in these bands. The maximum number of MIMO layers is relaxed according to the number of Rx branches (it is equal to the number of Rx branches). It is mandatory for all REDCAP UEs to support at least 64-QAM on the DL (i.e., the maximum modulation order is relaxed for FR1 REDCAP UE) with support of 256-QAM being optional in FR1. Finally, HD-FDD type A operation may optionally be supported in FR1 FDD frequency bands.

Pending conclusions on the reduced complexity features and REDCAP UE identification, the following four options on which to base the definition of REDCAP UE types were listed in the TR [2].

· Option 1: All the reduced capabilities recommended at the end of the REDCAP study
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
· Option 3: All the recommended reduced capabilities as well as recommended power saving features
· Option 4: The corresponding minimum set of the reduced capabilities that one REDCAP UE type shall mandatorily support
An important consideration when choosing one of the above options and also for defining the UE types is what these UE types are used for. It is commonly agreed that one of the main uses is access control and UE identification. In addition, RAN2 has agreed that the number of device types should be minimized to reduce market fragmentation. Allowing too many separate optional capabilities on top of what defines a UE type (which may be reported through signaling after initial access), effectively creates many device types. From a RAN1 perspective, however, consideration whether and how UEs belonging to different types are distinguished from each other is relevant.

Among the four options listed above, Option 1 is very restrictive. It essentially allows for a single REDCAP UE type with all the REDCAP capabilities. This would not allow for optional support of any capabilities and hence this option is not preferred. Option 3 additionally includes recommended power saving features (which are currently not included in the WI objectives) and is therefore not preferred.

Option 2 bases the definition of UE types on the reduced capabilities that the network needs to know during initial access. Of all the reduced capabilities, only the number of Rx branches and whether the UE has a reduced antenna efficiency may be useful for the network to know during initial access since transmission of messages can be optimized accordingly. As discussed in Section 2.1, however, it would be possible to conservatively schedule transmissions assuming the worst case (1 Rx branch and reduced antenna efficiency), which would reduce network efficiency but otherwise avoid having to distinguish between REDCAP UEs with different number of Rx branches during initial access. Thus, this option allows for defining a single REDCAP UE type to enable access control and identification during initial access with the actual reduced capabilities being reported after initial access. Initial access for REDCAP UEs may then be supported based on the most reduced capabilities (1 Rx branch and reduced antenna efficiency). Clearly, the option also allows for defining multiple REDCAP UE types that are distinguished based on the number of Rx branches and normal/reduced antenna efficiency. If network access is granted based on merely REDCAP UE type, this option does enable network access to UEs that include only these limited reduced capabilities (1 or 2 Rx branches with or without reduced antenna efficiency) while not including any of the other mandatory REDCAP capabilities. In other words, Option 2 may not constrain the use of REDCAP capabilities to only REDCAP UEs since other UEs can represent themselves as REDCAP UEs during initial access. For this reason, Option 2 may not be preferable. 

Option 4 enables constraining UEs to support all the reduced complexity features defined for a particular REDCAP type, which would be declared as mandatory. Thus, with this option, UEs belonging to any REDCAP type must support all the mandatory reduced capabilities. Furthermore, like Option 2, Option 4 allows for supporting either one or more than one REDCAP UE type. As an example of the latter, the number of UE Rx branches (and, correspondingly, the maximum number of MIMO layers) may distinguish the different types. Note that this distinction between the types is beneficial for the network to know to optimize initial access if the type indication is provided by msg1, as discussed in Section 2.1. Alternatively, if optimization of initial access is not performed and only a single REDCAP UE type is supported, the REDCAP UE is expected to have a minimum of 1 Rx branch and reduced antenna efficiency can also be incorporated into the type definition. It is possible to include reduced antenna efficiency in the type definition. Any other optional features (e.g., support of HD-FDD or DL 256-QAM in FR1) supported by the UE can be indicated by the UE to the network through capability signaling. Option 4 does provide the flexibility to define more UE types to further constrain the capabilities of each type. For example, a separate UE type can be defined for UEs that support 40 MHz UE bandwidth after initial access together with 2 Rx branches. Overall, Option 4 provides the desired flexibility while satisfying the uses of defining UE types.

Observation 9:	Definition of REDCAP UE types based on either Option 2 or Option 4 enables differentiation between types using msg-1. 

Proposal 4:	The definition of REDCAP UE types is based on either Option 2 or Option 4.

For definition of REDCAP UE types based on Option 2, it is necessary to again consider the capabilities that impact initial access. As discussed earlier, it would be preferable to optimize initial access, for which it is necessary to differentiate between UEs based on the number of Rx branches and whether the UE has reduced antenna efficiency. We can define four types of REDCAP UEs as below.

· For REDCAP UE Type 1, support the following capabilities: 1 Rx antenna, reduced antenna efficiency, no DL MIMO support.
· For REDCAP UE Type 2, support the following capabilities: 1 Rx antenna, no DL MIMO support.
· For REDCAP UE Type 3, support the following capabilities: 2 Rx antennas, reduced antenna efficiency, and maximum of 2 DL MIMO layers.
· For REDCAP UE Type 4, support the following capabilities: 2 Rx antennas, and maximum of 2 DL MIMO layers.
Since the maximum number of DL MIMO layers supported is directly related to the number of Rx antennas, we include DL MIMO support feature in the type definition. The REDCAP UE capability types are listed in Table 2, showing the minimum UE capabilities for each type. Since all the mandatory reduced capabilities (reduced UE bandwidth and maximum of 64-QAM in DL for FR1) are not included in the type definitions, support of these capabilities (along with other truly optional capabilities such as HD-FDD and wider bandwidth after initial access, if supported) by a device can be supported through the UE capability indication procedure. As noted earlier, if these other capabilities are effectively supported as optional capabilities, non-REDCAP devices may be able to access the network by supporting only the capabilities defined in the REDCAP UE type. If these other reduced capabilities are implicitly mandated even when though not included in the type definition, then the definition effectively becomes equivalent to that based on Option 4, discussed below.

[bookmark: _Ref61613884]Table 2. REDCAP UE capability types based on Option 2.
	REDCAP UE Capability Type
	Minimum UE Capabilities

	Type 1

1 Rx antenna, reduced antenna efficiency
	FR1 FDD: 1Tx-1Rx, reduced antenna efficiency, no DL MIMO support

FR1 TDD: 1Tx-1Rx, reduced antenna efficiency, no DL MIMO support → definition needed only if 1Rx support is required for these bands

FR2 TDD: Not supported since reduced antenna efficiency is not considered for FR2

	Type 2

1 Rx antenna
	FR1 FDD: 1Tx-1Rx, no DL MIMO support

FR1 TDD: 1Tx-1Rx, no DL MIMO support → definition needed only if 1Rx support is required for these bands

FR2 TDD: 1Tx-1Rx, no DL MIMO support

	Type 3

2 Rx antennas, reduced antenna efficiency
	FR1 FDD: 1Tx-2Rx, 2 DL MIMO layers

FR1 TDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers

FR2 TDD: Not supported since reduced antenna efficiency is not considered for FR2

	Type 4

2 Rx antennas
	FR1 FDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers

FR1 TDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers

FR2 TDD: Not needed since Type 2 can satisfy the requirements and relative cost reduction for Type 4 is small




For definition of REDCAP UE types based on Option 4, in addition to consideration of features that allow for differentiation between UE types during initial access, we also include other mandatory REDCAP capabilities validated by the cost savings for different combinations of reduced complexity techniques reported in [2] and achievable UE peak data rates. The following complexity reduction combinations are recommended.

· [bookmark: _Hlk53112345]For REDCAP UE Type 1, support the following capabilities: reduced bandwidth, 1 Rx antenna, reduced antenna efficiency, no DL MIMO support, DL 64-QAM.
· For REDCAP UE Type 2, support the following capabilities: reduced bandwidth, 1 Rx antenna, no DL MIMO support, DL 64-QAM.
· For REDCAP UE Type 3, support the following capabilities: reduced bandwidth, 2 Rx antennas, reduced antenna efficiency, and maximum of 2 DL MIMO layers, DL 64-QAM.
· For REDCAP UE Type 4, support the following capabilities: reduced bandwidth, 2 Rx antennas, and maximum of 2 DL MIMO layers, DL 64-QAM.
With the REDCAP UE types defined as above, other optional capabilities supported by a REDCAP device, such as HD-FDD, DL 256-QAM (for FR1 devices), and wider UE bandwidth of 40 MHz after initial access (if added to the WI objective) can be reported by the device through the UE capability indication procedure.

Generally, Type 1 and Type 2 UEs provide significant relative cost saving compared to the reference NR UE and are similar in capabilities to LTE Cat-1bis UE. Type 3 and Type 4 UEs provide smaller but still meaningful cost reduction and are similar in capabilities to LTE Cat-4 UE. The REDCAP UE capability types are listed in Table 3, showing the minimum UE capabilities for each type.
[bookmark: _Ref53085418][bookmark: _Hlk61613842]Table 3. REDCAP UE capability types based on Option 4.
	REDCAP UE Capability Type
	Minimum UE Capabilities

	Type 1

Reduced bandwidth, 1 Rx antenna, reduced antenna efficiency, no DL MIMO support, reduced DL modulation order
	[bookmark: _Hlk61614464]FR1 FDD: 20 MHz, 1Tx-1Rx, reduced antenna efficiency, no DL MIMO support, DL 64-QAM

FR1 TDD: 20 MHz, 1Tx-1Rx, no DL MIMO support, DL 64-QAM → definition needed only if 1Rx support for these bands

FR2 TDD: Not supported since reduced antenna efficiency is not considered for FR2

	Type 2

Reduced bandwidth, 1 Rx antenna, no DL MIMO support, reduced DL modulation order
	FR1 FDD: 20 MHz, 1Tx-1Rx, no DL MIMO support, DL 64-QAM

FR1 TDD: 20 MHz, 1Tx-1Rx, no DL MIMO support, DL 64-QAM → definition needed only if 1Rx support is required for these bands

FR2 TDD: 100 MHz, 1Tx-1Rx, no DL MIMO support

	Type 3

Reduced bandwidth, 2 Rx antennas, reduced antenna efficiency, and maximum of 2 DL MIMO layers
	FR1 FDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers, reduced antenna efficiency, DL 64-QAM

FR1 TDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers, reduced antenna efficiency, DL 64-QAM

FR2 TDD: Not supported since reduced antenna efficiency is not considered for FR2

	Type 4

Reduced bandwidth, 2 Rx antennas, and maximum of 2 DL MIMO layers
	FR1 FDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers, DL 64-QAM

FR1 TDD: 20 MHz, 1Tx-2Rx, 2 DL MIMO layers, DL 64-QAM

FR2 TDD: not needed since Type 2 can satisfy the requirements and relative cost reduction for Type 4 is small



For FR1 TDD, where the legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches to be supported by specification for a REDCAP UE will be decided in RAN #91e. If it is decided that the minimum number of Rx branches is 2, there will be no need to specify Type 1 and Type 2 REDCAP UE for FR1 TDD. On the other hand, if it is decided that the minimum number of Rx branches is 1, a Type 1 and Type 2 REDCAP UE can be specified according to Table 2 or Table 3 depending on the basis for definition of UE types.

Table 4 lists the supported REDCAP UE capability type for each frequency range. For FR2 TDD (and possibly FR1 TDD), only one type is supported. For FR1 FDD, two types are supported.

On the other hand, for FR2, only Type 1 is supported. This is because Type 1 device can satisfy all the requirements of the study item. In addition, Type 2 device would only provide 13% relative cost reduction compared to the reference NR UE.

[bookmark: _Ref53085440]Table 4. Supported REDCAP UE capability type per frequency range for Option 2 or Option 4.
	Frequency Range
	Supported REDCAP UE Capability Type

	FR1 FDD
	Type 1, Type 2, Type 3, and Type 4

	FR1 TDD
	Type 3 and Type 4 (TBD: Type 1 and Type 2)

	FR2 TDD
	Type 2



Based on the above analysis, we therefore make the following proposal –

Proposal 5:	Consider defining four types of REDCAP UE whose differentiating features are as follows.
· Type 1: 1 Rx antenna, reduced antenna efficiency, no DL MIMO support (for FR1)
· Type 2: 1 Rx antenna, no DL MIMO support (for FR1 and FR2)
· Type 3: 2 Rx antennas, reduced antenna efficiency, and maximum of 2 DL MIMO layers (for FR1)
· Type 4: 2 Rx antennas, and maximum of 2 DL MIMO layers (for FR1)


2.3        Physical Layer Methods to support Framework

2.3.1    Idle Mode Barring Mechanisms
In this sub-section we discuss existing mechanisms for barring that do not require an RRC connection.  

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 10:	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 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 11:	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 12:	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 RAN2 email discussions, the enhancement of this UAC IE for REDCAP is something that is pending further SA1 discussions.

Observation 13:	The enhancement of UAC for REDCAP is pending SA1 discussions.

Given that we can foresee scenarios where an operator may wish to have a cell that:
1. Supports service to non-REDCAP UEs but bars service to all REDCAP devices
1. Supports service to non-REDCAP UEs but bars services to a specific REDCAP capability set, e.g.  the cell bars 1Rx based Type 1 [2] but supports 2Rx based 2Rx based Type 2 [2].
Then using the existing mechanisms largely unchanged, this type of “hard” barring (intended to compliment the UAC more granular style of “soft” barring) would need be performed at the SIB level.  This would then mean that:
· Redcap devices would need invest time and power into receiving the SIB1.  
· This could be particularly problematic in cells that have no REDCAP support and for which transmission of MIB/SIB1 DCI and SIB1 PDSCH is not necessarily optimised for REDCAP,
Note that given the TR coverage findings that do not see an issue for REDCAP devices in receiving the SIB1 PDCCH and SIB1 itself, it is our proposal that REDCAP devices reuse the existing SIB1 rather than a completely new REDCAP specific SIB1.
Proposal 6:	REDCAP devices reuse the existing SIB1 DCI and PDSCH.

To save REDCAP devices power and time by eliminating the need for them to attempt to read the SIB1 in order for them to determine if they are fully barred, we have the following proposals:
Proposal 7:	A REDCAP UE can determine if a cell supports REDCAP without the need to read SIB1.

Proposal 8:	A REDCAP UE can determine if a REDCAP capable cell is barring specific REDCAP capability types without the need to read SIB1.
Note 1:   	This level of “hard” barring compliments the SIB1 based UAC level of “soft”  barring.
Note 2:     What defines a specific REDCAP type is FFS

Proposal 9:   	Some of the reserved bits in the existing DCI used to schedule the SIB1 are repurposed to indicate the cell REDCAP support capability.

2.3.2    RACH Access Enhancements

The TR concludes that the PUSCH/msg3 may be a bottleneck for certain REDCAP devices operating with certain carriers but does not provide solutions on how the system could compensate for this coverage loss.   It is recommended that RAN1 explore further how coverage can be improved for these devices.   For example, should the RAR UL resource field be updated to support additional repetitions of msg3?  Whilst we see a clear need for further study on this topic for specific REDCAP devices, it is unclear under what WI this study should take place, hence the following proposal.

Proposal 10:     	RAN1 discuss and conclude which WI is responsible for enhancements to msg3 transmissions to improve the coverage for certain REDCAP devices.


3. Conclusion
In this contribution, we have discussed the higher layer framework to support REDCAP and from those discussions we have the following observations and proposals:

Observation 1: 	A REDCAP UE with reduced antenna efficiency due to small UE form factor may require support of coverage recovery during initial access.

Observation 2:	There are different types (sets of capabilities) of REDCAP devices that the same cell could support, some with 1Rx, others with 2Rx, and some of those with reduced antenna efficiency (due to the device form factor), that will have differing coverage capabilities that could be optimized for during the initial RACH access procedure.

Observation 3:       There are certain carrier frequencies where certain REDCAP devices (1 RX with reduced antenna efficiency) will need/benefit from some form coverage compensation for msg3 during initial access, compared to the reference NR UE for that carrier frequency.

Observation 4:	The cell may BAR the subset of REDCAP devices (1 RX with reduced efficiency) but support other REDCAP devices (e.g. 2 RX or 1 RX with normal efficiency).
· 	Barring types of REDCAP devices can be achieved using SI and/or SI DCI.

Observation 5:	The cell can configure the existing message transmissions during random access procedure for non-REDCAP devices to be more conservatively transmitted, so that they can also be received by both non-REDCAP devices and REDCAP devices, but this would come at the cost of network efficiency.

Observation 6:	There are many carrier frequencies where coverage recovery is not required, so differentiation with msg1 is not always necessary.

Observation 7:      A network may wish to use different RACH resources for REDCAP devices to support better load balancing.

Proposal 1:   	A cell can be optionally configured to identify certain REDCAP device types (a type defines a subset of capabilities, e.g. reduced antenna efficiency and number of rx antennas) using msg-1 of the initial access procedure to:

3. Optimise further message transmission during random access procedure.
4.  Support load balancing of RACH resources between REDCAP and non-REDCAP devices.


Proposal 2:   	Differentiation between a few REDCAP types using msg-1 is achieved using PRACH preambles and/or RACH occasions.
	FFS:   The subsets of capabilities that define the types differentiated at this stage.

Observation 8:     Once the REDCAP UE has entered RRC connected state, the network can reuse higher layer procedures to retrieve a comprehensive view of the device capabilities, including capabilities such as:

· 256 QAM
· HD-FDD
· Number of RX (if not indicated during initial access)
· Reduced antenna efficiency (if not indicated during initial access)

Proposal 3:   	The number of REDCAP types differentiated using msg-1, are limited to those that would impact the efficiency of the random access procedure.

Observation 9:	Definition of REDCAP UE types based on either Option 2 or Option 4 enables differentiation between types using msg-1. 

Proposal 4:	The definition of REDCAP UE types is based on either Option 2 or Option 4.

Proposal 5:	Consider defining four types of REDCAP UE whose differentiating features are as follows.
· Type 1: 1 Rx antenna, reduced antenna efficiency, no DL MIMO support (for FR1)
· Type 2: 1 Rx antenna, no DL MIMO support (for FR1 and FR2)
· Type 3: 2 Rx antennas, reduced antenna efficiency, and maximum of 2 DL MIMO layers (for FR1)
· Type 4: 2 Rx antennas, and maximum of 2 DL MIMO layers (for FR1)


Observation 10:	The NR MIB “cellBarred” bit applies to all UEs (RedCap and non-RedCap) attempting to access the cell.


Observation 11:	The NR MIB does not support enough spare bits to indicate RedCap device specific barring.

Observation 12:	The DCI format 1-0 variant used to schedule SIB1 and other SI messages has 15 reserved bits.

Observation 13:	The enhancement of UAC for REDCAP is pending SA1 discussions.

Proposal 6:	REDCAP devices reuse the existing SIB1 DCI and PDSCH.

Proposal 7:	A REDCAP UE can determine if a cell supports REDCAP without the need to read SIB1.

Proposal 8:	A REDCAP UE can determine if a REDCAP capable cell is barring specific REDCAP capability types without the need to read SIB1.
Note 1:   	This level of “hard” barring compliments the SIB1 based UAC level of “soft”  barring.
Note 2:     What defines a specific REDCAP type is FFS

Proposal 9:   	Some of the reserved bits in the existing DCI used to schedule the SIB1 are repurposed to indicate the cell REDCAP support capability.

[bookmark: _GoBack]
Proposal 10:     	RAN1 discuss and conclude which WI is responsible for enhancements to msg3 transmissions to improve the coverage for certain REDCAP devices.
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