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1. [bookmark: _Toc120549591]Introduction
During RAN#99-e, most of RAN1 WID part on support of reduced capability NR devices was agreed [1], with the UE complexity reduction related objective as following,
· 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.)

In this contribution, considerations on UE complexity reduction features and related specs influences are discussed and proposals are given.
2. Discussion on UE complexity reduction features
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Reduced maximum UE bandwidth
According to the WID, maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. Based on our calculation of peak data rate [2], for TDD configuration DDDDDDDSUU, with maximum modulation order of 64QAM, the peak data rate for downlink is 120.7Mbps with 2 MIMO layers, and the peak data rate for uplink is 20.2Mbps for uplink with 1 MIMO layer, when the maximum bandwidth is 20MHz. Therefore, it is even unlikely to satisfy the upper bound reference bit rate of high-end video, which is ~25Mbps (7.5~25Mbps) for uplink, since the uplink peak date rate of 20.2Mbps can only be achieved with high channel SINR. 
One solution to improve the uplink transmission data rate is to introduce larger BWP such as 40MHz as an optional capability. Larger BWP is an efficient way to improve both uplink and downlink user reference data rate and peak data rate. The disadvantage of larger BWP is doubled RF bandwidth, and the processing capability will increase, resulting for a higher device cost. 
Another solution is to support sUL, which can improve uplink data rate significantly. And sUL has additional benefit of improving uplink coverage. The device cost will also increase, and cost comparison between sUL and larger BWP can be made for downselection.
Propopsal 1: Larger BWP after initial access or sUL can be considered as optional capability to meet high data rate requirment.
BWP switching based on DCI, RRC, and timer can be supported to faciliate power saving when there is little traffic to be transmited, while switching to a larger BWP when the date rate requirement is high.
Propopsal 2: BWP switching based on DCI, RRC and timer is supported.
When maximum bandwidth of 20MHz is supposed for initial access, the initial access procedure for R15/16 UEs can be reused for RedCap devices, such as type0-PDCCH monitoring, SIB1 reception, and RACH procedure. Some small issues related to Msg.3 scheduling may happen when RedCap devices are coexisted with non-RedCap devices, and the initial BWP of non-RedCap devices has been reconfigured by SIB1 to be a BWP larger than 20MHz. 
Currently, the frequency hopping offset of the second hop is defined in the specfication and related to initial BWP, so when a larger initial BWP is configured and frequency hopping is enabled, if gNB can not identify the RedCap devices, the Msg.3 PUSCH transmission of two hops may span larger than 20MHz. And even when frequency hopping is disabled, the scheduling of Msg.3 is still possible to be scheduled on frequency resources that are out of the maximum bandwidth of RedCap, and RF retuning may be required, in this case, if the slot offset K2 does not consider the RF retuning interruption time, RedCap devices will fail on the PUSCH transmission. To solve above coexistence issue, early identification of Msg.1 is helpful. 
However, in most cases, RedCap devices can coexistence with non-RedCap devices without early identification, as long as the initial BWP is limited to no more than 20MHz. Therefore, early identification should be an optional feature rather than a mandatory feature, which means early identification is done only when informed by gNB. For example, the network knows whether coexistence issue will happen depends on its configuraiton, then it can inform UE that early identification will be performed. The information schemes can be explicit information bits or by configuration of separate identification resources, details can be found in our companion contribution [3]. 
Proposal 3: Network informs UE whether early identification will be performed.
Reduced minimum number of Rx branches
[bookmark: _GoBack]According to the WID, 
· 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
From our view, a flexible capability space is desired to support both high-end and low-end device requirement. Based on current product design, the wearable devices such as smart watches can only allow one receiving Rx, and wearables are one of the three use cases for RedCap, therefore, it is practical to support 1Rx. While 2Rx can enable more efficient transmssion such as 2-layer MIMO and can support high reference bit rate. Therefore, it is proposed to support both 1Rx and 2Rx for frequency bands that currently require support of 4Rx.
As to the coverage issues, it is a compromise solution to mandate higher antenna efficiency for 1 Rx than that for 2Rx, which can guarantee comparable coverage for 1 Rx and 2 Rx, and hence no special coverage recovery solution is needed for 1Rx. What’s more, if the network is unwilling to serve such kind of UE, it can perform access control with early identification. Then this kind of UE can be totally igonored by the network.
Proposal 5: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.

Redcued maximum number of DL MIMO layers
When the number of Rx branches is reduced, the supported MIMO layers are also reduced. Then the antenna port indexes for DMRS with more than 1 port for maximum 1Rx and with more than 2 ports for maximum 2Rx in Tables 7.3.1.2.2-1/2/3/4 of TS38.212 are not applicable. So the number bits in this information field for DCI format 1_1 can be reduced by at least 1 bit from 4,5,or 6. 
Duplex operation
To support HD-FDD type A, the DL-to-UL and UL-to-DL switching time need to be specified. Then UE scheduling can be done based on flexible scheduling or feedback slot offsets. Default transmission direction can be defined, for example, unless UE is scheduled for uplink transmission or uplink feedback, the slot is supposed to be a downlink for UE to monitor DCI. And another option is to introduce an UL-DL configuration for HD-FDD type A, in this case, transmission and reception of HD-FDD UEs can refer to TDD, the specification for TDD can be reused. 
Proposal 5: Default transmission direction or UL-DL configuration can be introduced for HD-FDD type A.
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3. Conclusions
In this contribution, considerations on potential UE complexity reduction features are discussed, and the following proposals are made.
Propopsal 1: RedCap devices support a wider bandwidth up to 40MHz after initial access as an optional capability.
Propopsal 2: BWP switching based on DCI, RRC and timer is supported.
Proposal 3: Early identification by Msg.1 can be used to solve coexistence issues if necessary.
Proposal 4: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports of 2 Rx branches for a RedCap UE.
Proposal 5: Default transmission direction or UL-DL configuration can be introduced for HD-FDD type A.
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