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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The RAN1 leading features to be specified are listed as follows. 
	· 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.)


As can be seen in the above items, some potential complexity reduction features still need further discussion in RAN1#91e, i.e. optional support of 40MHz after initial access and number of Rx branches in legacy 4 Rx (other than 2-Rx vehicular UE) bands. In this contribution, we share our views on such potential UE complexity reduction features for RedCap UEs.
Discussion
Optional support of 40 MHz after initial access in FR1
It is recommended by SI outcome that 20 MHz is supported as the maximum UE bandwidth for RedCap UE during the initial access in FR1, which has been further confirmed in RAN#90e [1]. However, it is still under discussion whether a RedCap UE can optionally support 40 MHz after initial access in FR1. 
One important reason to support 40 MHz is to improve the DL peak data rate for 1 Rx RedCap UE. As mentioned by some companies, with only 20 MHz bandwidth, 1 Rx and 64QAM, it is almost impossible to support the highest DL peak data rate required by high end wearable, i.e. 150 Mbps [2]. This is indeed an issue, if such high requirement is set up as a hard target. In addition, some companies may think that if a RedCap UE is not allowed to support a larger bandwidth after initial access, it is becoming a UE category in fact, which should be avoided.
However, before making a decision, the following views should also be taken into consideration:
· Whether 150 Mbps is an essential target DL peak data rate that must be met. As has been clarified during RAN#89e, a RedCap UE is not always required to support such high demand, which is originally derived from a specific scenario, i.e. wearable service. Note that, even for wearable devices, the reference bitrate is 5-50 Mbps in DL.
· The cost reduction for 40 MHz is unclear. Unlike 20 MHz case, the cost reductions from 100 MHz to 40 MHz, and also the related combinations to other features, have not been studied sufficiently by most companies. It is hard to judge whether it is a considerable trade-off between the cost of 40 MHz and the benefit from 40 MHz.
· Whether the bandwidth restriction is a symbol of UE category definition. We hold the opinion that there is no strong coupling between these two aspects. Otherwise, RAN1 has already defined ‘RedCap category’ in FR2, since it is agreed that the maximum bandwidth of RedCap UE is strictly 100 MHz in FR2.
· Some operators have strong concerns on supporting a bandwidth larger than 20 MHz in FR1.
In summary, it is hard to reach consensus on supporting 40 MHz after initial access. We think RAN/RAN1 can recommend only supporting 20 MHz in FR1 in Rel-17. If strong motivation is found to support 40 MHz in the future, it can be studied in the later release.
Proposal 1: For FR1, a bandwidth of 40 MHz after initial access is not supported for RedCap UE in Rel-17.

Rx branches in legacy 4 Rx bands
The minimum number of Rx branches of RedCap UE in legacy 4 Rx bands has attracted a lot of discussion during the SI phase and RAN plenary. In short, whether the number of Rx branches can be reduced to 1 is the focus of controversy.
From UE vendor’s perspective, there is objective reason to support 1 Rx branch. Due to the limited device size, it is hard to equip 2 Rx branches in some kind of RedCap UEs, like smart watches. A popular and practical implementation way is that the steel watchcase works as the only Rx antenna. And even if 2 Rx branches are implemented, the DL performance may not be largely improved, due to the high correlation between the 2 Rx branches that very close to each other. 
Observation 1: It is hard to implement more than 1 Rx branch in wearable device, which only brings limited gains due to high correlation between Rx branches.
From operator’s perspective, it is understood that concerns will rise if 1 Rx is supported, since it brings negative impacts on network performance like DL spectrum efficiency (SE) and DL coverage. However, access control mechanisms can be developed to prevent the performance degradation to an unacceptable degree. For example, if the network is with low working load for normal UE, it may choose to serve more RedCap UEs. On the contrary, if the network prefers to serve more normal UEs and improve the DL SE, it can reject the access of RedCap UEs. In all, the negative impact brought by 1 Rx branch is controllable and manageable.
Observation 2: Network performance degradation due to 1 Rx branch RedCap UE is controllable and manageable.
And finally, we should recall that RedCap WID is proposed to promote 5G connected industries and enlarge 5G market. If NR specification does not support 1 Rx branch for RedCap UE, in many bands, wearable device may have to implement other communication modules like LTE 1bis, leading to market fragmentation. We think NR specification should support 1 Rx branch for RedCap UE in legacy 4 Rx bands.
Proposal 2: 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 is 1.

Conclusion
In this contribution, we provide our view on potential UE complexity reduction features. The observations and proposals are summarized as follows:
Observation 1: It is hard to implement more than 1 Rx branch in wearable device, which only brings limited gains due to high correlation between Rx branches.
Observation 2: Network performance degradation due to 1 Rx branch RedCap UE is controllable and manageable.
Proposal 1: For FR1, a bandwidth of 40 MHz after initial access is not supported for RedCap UE in Rel-17.
Proposal 2: 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 is 1.
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