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1. Introduction
The following complexity reduction features are set as objectives for the RedCap WID work item (WI) in [1]:
· Reduced bandwidth in FR1 is 20MHz and 100MHz in FR2 
· Reduced Rx Antennas (e.g.  from 2 down to 1 or from 4 down to 1) 
· Half duplex FDD (e.g. from full duplex FDD) 
· Reduced mandatory max DL modulation constellation order to 64QAM (down from 256QAM).
· Maximum number of DL MIMO layers will match the number of antennas, 1 or 2.
The WID objectives also includes specifying of higher layer support for the above features. This includes:

· Specify definition of one RedCap UE type
· 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
· Specify access control mechanisms to allow operators to control RedCap UEs’ access to cells if desired.

· Specify necessary updates of UE capabilities and RRC parameters
This tdoc discusses the remaining design considerations for higher layer support of RedCap devices for RedCap UE identification. 
2. RedCap UE Identification
In section 11.1 of the RedCap Study TR [2], the feasibility, necessity, and UE identification method pros/cons are listed from the conclusion of the study phase. As part of the study, it was determined that early indication of RedCap UE types during initial access before the UE Capability reporting in Msg5 (or later) would be necessary for some of the RedCap features to allow the gNB to efficiently handle RedCap and non-RedCap UEs. Without such indication, the gNB would need to treat all UEs the same and would not be able to efficiently use the spectral resources. 
Observation 1: Early indication of RedCap UE types and capabilities reporting is needed for some of the RedCap UE features in the WID.

In the RAN meeting the RedCap WID was updated to include the requirement for early indication of RedCap UEs as part of the RAN2 lead items. It also includes the requirement for the early indication to be configurable by the network. This is a RAN2 lead item but RAN1 can take decisions to support the RAN requirements. From the RedCap WID[1]:
· 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]

· 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] 
Observation 2: Support for early indication of RedCap UE types and capabilities reporting is required by the WID.

In the last RAN1 meeting [3] it was decided to further study early indication of RedCap UE using PRACH preamble partitioning and Msg3. The following decisions were made:
	Agreements:

Confirm the following working assumption with the modifications in red:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.

· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· FFS how to support enable/disable the early indication
· FFS details e.g.: From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource

· PRACH preamble partitioning

· FFS: whether/how to address RA-RNTI overlapping issue
· FFS the possibility of supporting Msg3 for the early indication 

Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.


RAN1 reached the conclusion to use Msg1 for early indication of RedCap UE. However, no decision on whether and how to support early indication of RedCap UEs in Msg3 was made by RAN1. This topic has also been discussed in RAN 2 at the same meeting and the following agreements have been made:

	Agreements:
· Msg1 identification which can be configured to be enabled/disabled can be specified from RAN2 point of view.

· Solution for early identification for 2-step RACH will be specified.

· Specify separate indications in SIB1 for barring RedCap UEs with 1 Rx chain and 2 Rx chains.

· Specify a RedCap specific IFRI in SIB1.

Agreements via email - from offline 104:
· IFRI for RedCap UEs in SIB1 is common for UEs with 1 Rx or 2 Rx branches. 

· If RedCap-specific IFRI is absent from broadcast SI, the UE considers the cell does not support RedCap.

Agreements online:
· A Msg3 early identification based on dedicated LCID is supported (if SA3 confirms there is no problem)




RAN2 confirmed that early indication of RedCap UEs in Msg1 can be switched on or off by SIB. Option to use Msg3 for early indication has also been accepted by the RAN2 (subject to SA3 approval).

Since RAN2 has decided that Msg3 early indication will be supported it may be preferred by some gNB vendors and network operators that this functionality be enabled or disabled. This could lead to a simpler scheduling procedure on the gNB in which all RedCap UE-s that only use early identification signal in Msg1 will be treated the same. For some deployments, (e.g. in cells with 20Mhz or less allocated bandwidth) it may not be necessary to indicate early if a UE is a RedCap.
Proposal 1:   Msg3 early RedCap UE indication can be configured to be enabled/disabled via SIB
For Msg1, the identification of RedCap UE could be done using PRACH preamble partitioning or separate PRACH resources. Using Msg1 would allow the gNB to differentiate the RedCap UEs at the earliest point in the initial access procedure, allowing gNB to optimize for RedCap and non-RedCap from Msg2 onwards. For example, this would allow the gNB to perform coverage recovery due to reduced UE Rx antennas and it would allow the gNB to differentiate UE bandwidth resources allocation between RedCap and non-RedCap. However, using Msg1 comes at the consequence of significant fragmentation of PRACH resources and additional system configuration. There are a limited number of preambles, hence, dedicating some to RedCap (as well as other NR features such as 2-step) would reduce the capacity for PRACH for legacy UEs. The approach of partitioning the PRACH resource space is also considered in some other Rel-17 WI such as Small Data, Coverage enhancements, etc. [4] 
Observation 3: Using Msg1 for early indication results in fragmentation of PRACH resources, that becomes more complex when combined with other Rel-17 features that use PRACH partitioning.

If the RedCap UE identification is not done in Msg1 but done in Msg3, the gNB would need to treat RedCap and non-RedCap the same until Msg3. For some network deployments this may be more desirable to save on PRACH (and other) resources or simply because it is not needed. For other deployments identifying the RedCap UE and what it supports in Msg1 (or in Msg3) would be required. For example, for networks that operate in carrier bandwidths less than or at 20MHz may not find any need to be informed of the UE RedCap maximum bandwidth, whereas networks with wider bandwidths would want to be informed in order to allocate appropriate resources as early as possible. Similarly, for reduced number of Rx antennas, some network deployments may be able to tolerate the coverage loss without any need for recovery methods, whereas others cannot. Furthermore, if the specifications allowed for feature selective barring, for example barring based on UE supported Rx antennas, the gNB would not need to be informed of this UE capability either as no device with this capability would attempt to access the gNB. 
Observation 4: Support for Msg3 indication will eliminate the need for PRACH Partitioning (e.g., Msg1 indication) for many low band network deployments.

It remains open for discussion to decide how will UE effectively use Msg1 and Msg3 signaling for the identification of a RedCap UE sub-type. The UE could select message based on the UE capability and the SIB configuration. The SIB configuration would then be based on network deployment.

For example, a RedCap UE can have either 1Rx or 2Rx antennas and the network can attain most diversity and scheduling gains if it knows early on the number of antennas the RedCap UE supports. If early indication for the 1Rx RedCap UE is employed, it would also allow the network operator to reduce the amount of PRACH resources used for early Msg1 identification. This could be based on the estimated ratio of 1Rx vs 2Rx UE-s thus minimize PRACH partitioning to only what is required. Effectively, the network operator would not need to reserve PRACH resources for the indication of 2Rx capable RedCap UE-s.

There are additional similar considerations regarding half-duplex RedCap UE-s. Half duplex RedCap UE may have their own additional requirements as currently discussed in 8.6.1.3 [3]. In general, a Full Duplex RedCap UE may not support those additional new requirements as it does not need to be certified against these.
Observation 5: FD-FDD RedCap may not support all requirements of a HD-FDD.

In case no early indication of RedCap UE duplex support is available, gNB would need to treat all UE-s as half duplex capable only but without any additional features that pertain only to half-duplex UE-s. Therefore, it is preferable to advertise half-duplex support early on.

As an example, we provide several options how network can effectively use Msg1 and Msg3 early indications to improve RedCap coverage:

	SIB Configurations
	Interpretation

	Msg 1 and Msg3 are not used 
	Network does not need to know RedCap early indication b/c system BW is 20MHz and coverage is not an issue

	Msg 1 – 1 RX RedCap UEs
Nothing – All Other Redcap UEs
	Network needs to apply additional coverage for 1 RX devices but not for 2 RX device. No issue with scheduling all devices within 20MHz.

	Msg 1 – 1 RX RedCap UEs
Msg 3 – All Other Redcap UEs
	Network needs to apply additional coverage for 1 RX devices but not for 2 RX device. Network wants to schedule RedCap devices differently than legacy UEs. 

	Msg 1 – 1 RX RedCap UEs
Msg 3 – HD-FDD RedCap UEs
	Network needs to apply additional coverage for 1 RX devices but not for 2 RX device. Network wants to schedule HD-FDD differently than FD-FDD RedCap UEs and legacy UEs


Table 1: Example SIB configurations for Msg1 and Msg3 early indication
In summary, we place the following proposal to use Msg1 and Msg3 signaling for the identification of a RedCap UE capabilities:
Proposal 2:   SIB can indicate which RedCap devices will use Msg1 or Msg3 early indication based on UE capabilities. UE Capabilities at least includes
· 1 RX or 2 RX Antenna
· FD-FDD or HD-FDD

· FFS: Other capabilities 

It is possible that more than one Msg3 LCID CE will be available for signaling of the RedCap UE capability. This may be preferred as in this case UE can early signal to the network more information about its capabilities. For example, in some deployments identifying early if a RedCap UE is a half or full duplex would be preferred as it would allow the gNB to treat half duplex UE-s differently early on.
Proposal 3:   If more than one LCID is available for signaling of RedCap, then it can be used to inform the network of other capabilities, such as FD-HDD. 
3. RedCap UE Type Definition
In the previous RAN1 meeting, the question on how to define a RedCap UE type has not been fully adopted [3] as summarized in the following agreement.
	Agreements:

· A RedCap UE type from RAN1 point of view supports a maximum bandwidth of 20MHz for FR1 and 100MHz for FR2

· Further discuss whether to capture also one or more of the following capabilities to RedCap UE type description

· Supports either 1 or 2 Rx branches and corresponding maximum DL MIMO layers

· Supports either FD-FDD or Type A HD-FDD operation for FR1 FDD bands

· Supports either DL up to 64 QAM or up to 256 QAM for FR1

· Does not support CA/DC


With respect to the items designated for further study, the RedCap UE type should be conforming to the decisions of the WID study [1] and encompass all the above options. Therefore: 
Proposal 4:   RedCap UE type is defined as:

· Supporting either 1 or 2 Rx branches and corresponding maximum DL MIMO layers

· Supporting either FD-FDD or Type A HD-FDD operation for FR1 FDD bands

· Supporting either DL up to 64 QAM or up to 256 QAM for FR1

· Not supporting CA/DC
RedCap UE type should be interpreted based on what the UE is supposed to be certified against. For example, RedCap UE supporting 1Rx branches should be certified as only 1 antenna UE. Similarly, a RedCap UE advertising HD-FDD should be certified as being only half-duplex capable.

4. Conclusions
Observation 6: Early indication of RedCap UE types and capabilities reporting is needed for some of the RedCap UE features in the WID.

Observation 7: Support for early indication of RedCap UE types and capabilities reporting is required by the WID.
Observation 8: Using Msg1 for early indication results in fragmentation of PRACH resources, that becomes more complex when combined with other Rel-17 features that use PRACH partitioning.
Observation 9: Support for Msg3 indication will eliminate the need for PRACH Partitioning (e.g., Msg1 indication) for many low band network deployments.

Observation 10: FD-FDD RedCap may not support all requirements of a HD-FDD.

Proposal 5:   Msg3 early RedCap UE indication can be configured to be enabled/disabled via SIB
Proposal 6:   SIB can indicate which RedCap devices will use Msg1 or Msg3 early indication based on UE capabilities. UE Capabilities at least include

· 1 RX or 2 RX Antenna
· FD-FDD or HD-FDD

· FFS: Other capabilities 

Proposal 7:   If more than one LCID is available for signaling of RedCap, then it can be used to inform the network of other capabilities, such as FD-HDD. 
Proposal 8:   RedCap UE type is defined as:
· Supporting either 1 or 2 Rx branches and corresponding maximum DL MIMO layers

· Supporting either FD-FDD or Type A HD-FDD operation for FR1 FDD bands

· Supporting either DL up to 64 QAM or up to 256 QAM for FR1

· Not supporting CA/DC
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