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Introduction
In RAN #90-e meeting [1], the following WI scope about the RedCap devices has been achieved.
	This WI has the following objectives: Additional objectives may be added in RAN#91e based on the finalization of the RAN2 part of the RedCap SI.

· Specify support for the following UE complexity reduction features [RAN1, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.

· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)

· 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).

· Specify RAN4 core requirements for the above. 

Notes:

· Rel-15 SSB bandwidth is reused and L1 changes minimized.

· The work defined as part of this WI is not to overlap with LPWA use cases.

· Coexistence with non-RedCap UEs is to be ensured.

· This WI focuses on SA mode and single connectivity with operation in a single band at a time.

· The work in other WGs than RAN1 starts after RAN#91e.
· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.


From the above WI scope, compared with legacy NR UEs, lower capabilities would be expected for RedCap UEs. However, for the legacy NR UE features, it is not clear which legacy NR features can be reused/supported for RedCap UEs. In this document, we discuss the issues related to support of legacy NR features for RedCap UEs.
Discussion
Actually, RAN2 has discussed the optional capabilities and mandatory capabilities for RedCap UE, which is also related to this RAN1 UE feature issue and the agreement is shown as follows

Alternative 1:


-
The UE capability requirements for a RedCap device type, that are different from those for non-RedCap UEs, are listed in the specifications. That is:



o
Mandatory features for non-RedCap UE that are not supported for RedCap UE;



o
Mandatory features for non-RedCap UE that are optional for RedCap UE;



o
Mandatory features for non-RedCap UE that are supported for RedCap UE but with different value;



o
Optional features for non-RedCap UE that are not supported for RedCap UE;



o
Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.


For a RedCap device type, define new signaling fields in UE Capability for the features that are mandatory w/o capability signaling for non-RedCap UEs but are optional for Redcap UEs, or mandatory with capability signaling for non-RedCap UEs but with different value for RedCap UEs. The possible new introduced signaling fields for RedCap UEs should not apply to non-RedCap or legacy UEs for mandatory features w/o capability signaling.

Alternative 2:


Directly define the UE capabilities required for RedCap devices, including:

  
--- Mandatory features for RedCap UEs (defined in specification);


---Optional features for Redcap UEs (introduce signaling fields in an independent container defined specifically for Redcap UE). 

Regarding this, which RAN1 related features are supported for RedCap UE should be considered and the details including which feature is optional or mandatory and how to determine the specific values for the feature, should be further confirmed. RAN1 can start the UE feature discussion by following one of the discussion approaches discussed in RAN2. From our perspective, after we confirm the supported features, the scope of the discussion will be greatly reduced, which helps to reduce the massive discussion efforts. Similar to the above alternative 2, which feature should be supported should be discussed firstly and the details can be further discussed then in RAN1. 

Two aspects should be considered for supporting the features for RedCap UE. On one hand, some features should be supported for RedCap to satisfy the basic requirements of 3 use cases for RedCap UE. On the other hand, more features supported for RedCap UEs means more complexity, cost, or power consumption, and more specification efforts and scheduling complexity for the network side also. So, that the features supported for RedCap UEs meet basic requirements should be a priority. As for the remaining features, they should not be supported by default or supported with the significant benefits if most companies have the consensus.
Proposal 1: Discuss which features are supported to satisfy the basic requirements for RedCap UE in RAN1.
· Some significant features can be supported with companies’ consensus. 
· The remaining features are not supported by default.
According to the features description in [2], the main features in Rel-15, including Waveform, modulation, subcarrier spacings, and CP, Initial access and mobility, MIMO, DL control channel and procedure,UL control channel and procedure,Scheduling/HARQ operation,BWP, Channel coding,UL TPC, are a kind of basic functions for the system. So, they should be supported at least.
According to Rel-16 UE features described in [3], NR_2step_RACH and power saving are focused, since they are beneficial for power saving and would not increase the complexity significantly. MIMO enhancement feature may be considered for RedCap UEs since this feature can improve the transmission performance. NR_IAB may also be considered for RedCap UEs due to the benefit of coverage enhancement.
In Rel-17, the UE features [4] are under discussion. The specification impacts of Rel-17 features are still uncertain. Therefore, it's too early to conclude whether to consider Rel-17 features for RedCap UEs. It is worth mentioning that the power saving enhancement has a benefit for RedCap UEs to achieve longer battery life. The positioning service and higher positioning accuracy is needed especially for the wearables with mobility. For coverage enhancement, some coverage recovery requirements for RedCap UEs are also included in Rel-17 NR CE WI, the solutions in Rel-17 NR CE may be reused for RedCap UEs. 

Additionally, for those features not supported for RedCap UE, the feature groups in the feature are not supported obviously. However, for those features supported for RedCap UE, not all the feature groups in the feature should be supported. For example, in Rel-15, for Initial access and mobility, Support of SCell without SS/PBCH block (1-10) is not needed for RedCap UE since it is based on CA and CA, DC and wider bandwidth are not supported according to the WID description. 
Proposal 2: The following features can be considered for RedCap UE, at least including
· Rel-15 UE features: Waveform, modulation, subcarrier spacings, and CP, Initial access and mobility, MIMO, DL control channel and procedure, UL control channel and procedure, Scheduling/HARQ operation, BWP, Channel coding, UL TPC

· Rel-16 UE features: UE Power Saving and NR 2step_RACH

· Rel-17 UE features: power saving enhancement and coverage enhancement

Note: FFS the feature groups in the supported feature.
Conclusion
In this contribution, we have discussed the NR UE features for RedCap UEs. We make the following observations and proposals:
Proposals:
Proposal 1: Discuss which features are supported to satisfy the basic requirements for RedCap UE in RAN1.
· Some significant features can be supported with companies’ consensus.
· The remaining features are not supported by default.
Proposal 2: The following features can be considered for RedCap UE, at least including
· Rel-15 UE features: Waveform, modulation, subcarrier spacings, and CP, Initial access and mobility, MIMO, DL control channel and procedure, UL control channel and procedure, Scheduling/HARQ operation, BWP, Channel coding, UL TPC

· Rel-16 UE features: UE Power Saving and NR 2step_RACH

· Rel-17 UE features: power saving enhancement and coverage enhancement

Note: FFS the feature groups in the supported feature.
References

[1] RP-202933, New WID on support of reduced capability NR devices, Ericsson, Nokia, RAN#90e, December 2020.
[2] 3GPP, TR 38.822: "User Equipment (UE) feature list (Release 15)"
[3] 3GPP, R1-2009585: "Updated RAN1 UE features list for Rel-16 NR", contribution to TSG-RAN WG1 meeting #103-e.
[4] 3GPP, RAN1 Chairman’s Notes, October 26th – November 13th, 2020 3GPP TSG RAN1 Meeting #103-e.
