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[bookmark: _Ref129681832]The following objectives are to be discussed in RAN#91e in Redcap WID [1]: 
· 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.
· Reduced minimum number of Rx branches:
· 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.
… … 
· 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).

Number of Rx branches and bandwidth for FR1
Wearables are one of the three use cases identified for RedCap in NR system. The use case specific requirements to wearables were identified as [1]: 
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL, and peak bit rate of the device can be higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).
Besides, for wearables like smart watches, glasses and eHealth related devices, the device form factor is small, which is hard to implement two Rx branches. For example, the size of smart watch is about <40mm. The size of loop-antenna using monopole is about 12.5cm (λ@2.4GHz). In order to avoid interference, isolation is needed between antennas (including the antenna for Bluetooth/WiFi/NFC/ GPS) and other metal materials. It is more challenging for two antennas for the same frequency ranges. 
On the other hand, supporting single Rx and single layer can save device complexity, which can translate to die size of chipset. Based on the TR 38.875[2], the complexity/die size to support 4 Rx: 2 Rx: 1Rx is about 100: 60: 40. Supporting single Rx can also reduce the form of chipset itself. 
Observation 1: For wearables like smart watches, it is very challenging to support 2 Rx. 
Observation 2: Single Rx branches can also reduce RF and baseband size compared with 2 Rx.

Some concerns had been raised on the impact of spectral efficiency/network capacity with single Rx. However, based on study in TR 38.875[2], for burst traffic evaluation with IM traffic model, all the sources showed that 1 Rx RedCap users do not make an appreciable change compared with 2 Rx RedCap users. Considering small form factor for wearables, even two antennas are assumed, it may result in high correlation or reduced antenna efficiency. In the evaluations of [3][4], there is no throughput gain with 2 Rx compared with single Rx. 
Observation 3: For IM traffic model, 1 Rx RedCap users do not make an appreciable change compared with 2 Rx RedCap users for spectral efficiency. 
Based on the above observations, we propose:
Proposal 1: For frequency bands where a legacy NR 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. The specification also supports 2 Rx branches for a RedCap UE in these bands.

LTE Cat 4 are widely used in 4G smart watches, which can provide about 75Mbps peak data with single antenna. It is expected 5G can provide better user experience with higher data, e.g., up to 150Mbps for DL and 50Mbps for UL[1]. For FDD, with single Rx and 20MHz bandwidth, more than 80Mbps peak data rate can be achieved. However, for TDD, since UL and DL share the same spectrum in time domain, the peak data rate for TDD is reduced depending on UL/DL configuration. Table 1 provides a rough calculation of peak data rate for UL and DL for two typical configurations of TDD. For DL and UL, only ~60Mbps and <30Mbps can be achieved with 20MHz and single Rx. This peak data rate is even lower than a typical LTE devices. In order to provide a comparable data rate to LTE, 40MHz bandwidth is needed. 
Observation 4: 40MHz bandwidth is needed to provide a comparable data rate to LTE. 
Proposal 2: The specification optionally supports 40MHz bandwidth after initial access. 
Table 1
	Single Rx + 64QAM
	Peak Data Rate [Mbps]

	
	20MHz
	40MHz

	
	DL
	UL
	DL
	UL

	FDD
	~82
	~88
	~170
	~182

	TDD (DDDDDDDSUU)
where S = 6-DL : 4-Guard : 4-UL
	~61
	~20
	~125.8
	~41.5

	TDD (DDDSUDDSUU)
where S = 10-DL : 2-Guard : 2-UL
	~52
	~29
	~109
	~60



Conclusion 
This paper is to provide our views on Redcap scope. The following proposals are made:
Proposal 1: For frequency bands where a legacy NR 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. The specification also supports 2 Rx branches for a RedCap UE in these bands.
Proposal 2: The specification optionally supports 40MHz bandwidth after initial access. 
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