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1. Introduction
In 3GPP TSG RAN#90-e meeting, Rel.17 supporting of reduced capability NR devices [1] was agreed. The working scope includes the following objectives.
	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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.)
· [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).
· 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.


This contribution discusses the potential enhancement for UE Complexity reduction.
2. Discussion
BWP is part of the bandwidth, which is introduced in NR, and a UE can be configured with one common initial BWP and up to 4 dedicated BWPs in DL and UL, with a single DL and UL being active at one time. When the traffic is large, the UE will be configured to adopt a large bandwidth BWP; otherwise, a small bandwidth BWP will be adopted.
The dedicated BWP is used for data service transmission, usually with a large bandwidth. The initial BWP, usually with a small bandwidth is used to perform initial access process. All DL common signals and channels before RRC connection establishment, e.g. SSB, RMSI, paging, RAR, MSG4 and RRC signaling, are transmitted through initial DL BWP. As the number of RedCap UE in the network is large, the load of initial DL BWP would be very heavy with the camped Redcap devices.
The reduced complexity of Redcap UE (e.g. with the reduced number of RX antennas) will cause the coverage loss. In order to improve the coverage, the network will allocate more resources for PDCCH and PDSCH, including:
· Transmit the broadcast channel with low coding rate.
· More repetitions.
These technologies seriously increase the load of initial BWP. 
How to solve the load problem of the initial BWP is a challenge.  The system shall do something to avoid the congestion due to high load. A separated initial DL/UL BWP for Redcap UEs may be an option, however, the associated SSB, Coreset#0, SIB1, other RMSI resources and RACH resources should be separated. All of these would have significant impacts on the specifications.
The bandwidth options of Redcap UE (20 MHz for FR1 and 100 MHz for UEs) achieve good coexistence performance with legacy UEs. RedCap UEs can easily reuse the existing NR initial access procedure and initial BWP, especially for initial DL BWP, share the same resources and procedures with regular NR UE, and the specification impacts can be reduced significantly. Thus we propose to reuse the existing NR initial access procedure and initial BWP, but gNB should use some means to offload RedCap UEs to a different BWP than initial BWP t after initial random access. In order to minimize the load of the initial BWP, the time that a Redcap UE camps in the initial BWP should be as short as possible.
Proposal 1: Reuse the existing NR initial access procedure and initial BWP; and shorten the camping time of Redcap UEs in initial BWP.
According to TS 38.321 BWP switching can be done with different mechanisms as listed below:
· RRC-based adaptation: Upon RRC (re-)configuration of firstActiveBWP-Id  for SpCell or activation of an SCell, the BWP indicated by firstActiveBWP-Id is active. 
· MAC CE (Control element): upon initiation of Random Access procedure, an implicit fallback to the initial BWP is performed.
· DCI-based adaptation: it is based on PDCCH channel where a specific BWP can be activated by BWP indicator in DCI Format 0_1 (UL Grant) and Format 1-1 (DL scheduling). 
· Timer-based implicit fallback to default BWP: if the UE is not explicitly scheduled with a BWP after the timer expires, it will automatically switch to the default BWP.
These BWP switching mechanisms are either too late or fallback to the initial BWP; therefore, the purpose of quick traffic offloading from the initial BWP is not achieved.
Observation 1: None of the existing BWP switching mechanisms can quickly offload UEs from the initial BWP.
A new mechanism is needed to enable UE to perform BWP switching operations quickly; for example, the gNB can provide an indication to the UE during the random access procedure. When the procedure ends, UE switches to the target BWP according to the indication.


Figure 1: BWP switch timeline
Proposal 2: UE switching to the dedicated BWP immediately after random access process may be considered to offload UEs from initial BWP.
A suitable target BWP can simplify the process of the gNB and the UE. If the channel quality is good, coverage compensation is not required; if the target BWP configured with SSB, BWP re-switching for synchronization is unnecessary. Therefore, certain factors should be considered when selecting the target BWP.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: For the target BWP, consider the selection based on certain factors.
3. Conclusion
In this contribution the following proposals and observations have been made:
Proposal 1: Reuse the existing NR initial access procedure and initial BWP; and shorten the camping time of Redcap UEs in initial BWP.
Observation 1: None of the existing BWP machine mechanisms can offload UEs from the initial BWP fast.
Proposal 2: UE switching to the dedicated BWP immediately after random access process may be considered to offload UEs from initial BWP.
Proposal 3: For the target BWP, consider the selection based on certain factors.
References
[1] RP-202933, “Support of reduced capability NR devices”
[2] TR 38.875, “Study on support of reduced capability NR devices”
[3] TS 38.300, “NR and NG-RAN Overall Description; Stage 2”
[4] TS 38.321, “Medium Access Control (MAC) protocol specification”
image1.emf
Frequency

Time

CD-SSB Initial BWP

Idle Mode

Dediated BWP

Connected Mode

BWP Switch


Microsoft_Visio___.vsdx
Frequency
Time
CD-SSB
Initial BWP
Idle Mode
Dediated BWP
Connected Mode
BWP Switch



