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Introduction
In RAN#90e meeting, a new Rel-17 work item on support of reduced capability NR devices [1] has been agreed. One objective of the WID is to specify support for the UE complexity reduction features as follows: 
	· 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.)



In this contribution, we discuss some views on the UE complexity reduction features.
[bookmark: OLE_LINK1]Discussions
Reduced maximum UE bandwidth
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK37][bookmark: OLE_LINK38]In Rel-15/16, initial DL/UL BWPs are used at least for initial access for legacy UEs. An initial DL BWP is used for the location of SSB, CORESET#0, SIB1, Msg.2/Msg.4, and an initial UL BWP is used for the location of PRACH, Msg.3 PUSCH. However, for RedCap UEs, an appropriate BWP used for initial DL/UL BWP can be different due to the reduced maximum UE bandwidth for RedCap UEs. In current specification, if a UE does not support the bandwidth of initial DL/UL BWPs, the UE considers the cell as barred. Therefore, to avoid unnecessary cell barring, independent initial DL/UL BWP configurations for RedCap UEs should be considered.
For the frequency location of initial DL/UL BWPs for RedCap UEs, it can be separated from that for legacy UEs or can be confined in that for legacy UEs. Therefore, if independent initial DL/UL BWPs for RedCap UEs are introduced, following approaches can be considered.
· Option 1: The frequency locations of initial DL/UL BWPs for RedCap UEs are confined within initial DL/UL BWPs for legacy UEs
· Option 1-1: Resources for signals/channels (e.g. RACH resources for UL, CORESET#0 for DL) are shared with legacy UEs
· Option 1-2: Resources for signals/channels are separated from that for legacy UEs
· Option 2: The frequency locations of initial DL/UL BWPs for RedCap UEs are separated from initial DL/UL BWPs for legacy UEs
In addition, basically the bandwidth of initial DL/UL BWP for RedCap UEs should be smaller than (or equal to) that for legacy UEs. Multiple candidates for traffic offloading and for flexible scheduling of RedCap UEs can be considered. Such separation may be available for UE type differentiation and/or coverage recovery with frequency hopping as further consideration.
Proposal 1:
· Independent initial DL/UL BWPs for RedCap UEs are supported.
· FFS: whether initial BWP for RedCap UE should be confined within initial BWP for legacy UEs.
· FFS: resources for signals/channels are common between legacy UEs and RedCap UEs.
· RACH resource in UL
· CORESET#0 in DL
· Multiple candidates for the initial DL/UL BWP should be considered.
Before completing the initial access, resource blocks within the CORESET#0 region are shared for both legacy UEs and RedCap UEs. During the initial access, both legacy UEs and RedCap UEs will monitor PDCCH in the same CORESET#0 region. The number of RedCap UEs in a cell may be large, and the CORESET resource in one monitoring occasion for PDCCH reception is limited. In order not to impact the initial access of legacy UEs, it would be helpful to separate the type 1 CSS configuration for RedCap UEs to address some congestions.  
Proposal 2: Consider whether to separate Type 1 CSS configuration for RedCap UEs in SIB1 to address some congestions.

Reduced minimum number of Rx branches, maximum number of DL MIMO layers 
For a RedCap UE with reduced number of Rx branches, basically DL performance would be degraded. DCI formats with fewer size are desirable for RedCap UEs with reduced number of Rx branches. In NR-15, DCI formats 1_1/0_1 were designed to adapt to the characteristics of the eMBB traffic. On the other hand, DCI formats 1_2/0_2 had been introduced in Rel-16 and designed to adapt to the characteristics of the URLLC traffic. Compared to DCI formats 1_1/0_1, the design of DCI formats 1_2/0_2 is of full flexibility with much more configurable DCI fields sizes. 
Compared to DCI formats 1_1/0_1, more DCI fields (e.g., the HPN field, MIMO-related fields, RV field and so on) in DCI formats 1_2/0_2 are with more configurable sizes. For example, the size of the HPN field in DCI formats 1_1/0_1 is a fixed 4 bits while the size of the HPN field in DCI formats 1_2/0_2 is configurable as 0, 1, 2, 3 or 4 bits. Especially for the video surveillance use case where the traffic is dominated by the UL transmissions, it is not necessary to always set HPN field as 4 bits for DCI format for DL scheduling. The HPN field with configurable sizes is beneficial for different RedCap use cases. Similarly, RedCap use case may not necessarily harvest MIMO gains dedicated to the eMBB characteristics.  
In addition, DCI formats 1_2/0_2 do not include some DCI fields which exist in DCI formats 1_1/0_1 as like DCI fields relating to second TB, DCI fields relating to CBG configurations. These DCI fields relating to second TB and DCI fields relating to CBG configuration are also not necessary for RedCap UEs with the reduced number of DL MIMO layers.
Therefore, according to the design of DCI formats 1_2/0_2, DCI formats 1_2/0_2 can either achieve the full flexibility as DCI formats 1_1/0_1 or configure different sizes for DCI fields to better adapt to different use case requirements. 
Observation: Compared to the design of DCI formats 0_1/1_1, the design of DCI formats 0_2/1_2 can better adapt to characteristics of various RedCap use cases requirements, given the design of DCI formats 1_2/0_2 is of full flexibility with much more configurable DCI field sizes. 
Half-Duplex operation
[bookmark: _GoBack]For half-duplex UEs without duplexer, a transition time is needed when switching from transmission to reception or switching from reception to transmission. Rel-15 has introduced transition time between the transmission and reception for UEs incapable of full-duplex communication and simultaneous transmission and reception as NRx-TxTc or NTx-RxTc, i.e. 13us for FR1. Transition time in Rel-15 can be considered as a baseline for HD-FDD Type A RedCap UEs. The short switching time will not affect the HD-FDD Type A RedCap UEs to perform the DL reception and UL transmission during the initial access as other UEs. The capability regarding the FD-FDD can be indicated after Msg3 transmission.  
Proposal 3: Transition time introduced for UEs incapable of full-duplex communication and simultaneous transmission and reception in the Rel-15 NR RAN1 specification can be considered for HD-FDD Type A UEs. 
Conclusion
In this contribution, we have discussed the UE complexity reduction features and have the following proposals and observation:
Proposal 1:
· Independent initial DL/UL BWPs for RedCap UEs are supported.
· FFS: whether initial BWP for RedCap UE should be confined within initial BWP for legacy UEs.
· FFS: resources for signals/channels are common between legacy UEs and RedCap UEs.
· RACH resource in UL
· CORESET#0 in DL
· Multiple candidates for the initial DL/UL BWP should be considered.
Proposal 2: Consider whether to separate Type 1 CSS configuration for RedCap UEs in SIB1 to address some congestions.
Observation: Compared to the design of DCI formats 0_1/1_1, the design of DCI formats 0_2/1_2 can better adapt to characteristics of various RedCap use cases requirements, given the design of DCI formats 1_2/0_2 is of full flexibility with much more configurable DCI fields sizes. 
Proposal 3: Transition time introduced for UEs incapable of full-duplex communication and simultaneous transmission and reception in the Rel-15 NR RAN1 specification can be considered for HD-FDD Type A UEs. 
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