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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
NR Rel-15 and Rel-16 are designed for fulfilling IMT-2020 requirements, such as high data rate, ultra-low latency and reliability. However, implementation complexity and cost of such UEs are very high as well as power consumption. In many practical use cases, the device complexity, cost and power consumption etc are more important than high data rate and low latency. Support of diverse UE types in NR targeting different use cases is very important for expanding NR technology in the market and increasing the user penetration. In this contribution, we discuss the motivation for supporting diverse UE types in NR Rel-17.  
1. Motivation for diverse UE types in NR
Rel-15/16 specification mandates UEs to support high data rate/low latency to guarantee the good performance of NR system compared to LTE counterpart; in particular, the following features are mandatory for a Rel-15/16 NR UE. 
· Mandatory UE BW: 100MHz(FR1 n41, n77, n78, n79) and 200MHz(FR2) for DL/UL
· Mandatory UE Rx:  4Rx for above 2.5GHz (FR1); 2Rx for below 2.5GHz
· UE power class: 23dBm, 26dBm
Such high requirements on NR UEs is beneficial for differentiating NR UEs and LTE UEs in the initial deployment. However, with the gradual deployment of NR 5G networks around the world, such high UE cost and complexity may become a shortcoming for expanding the market for NR based devices and user penetration. NR system at least has to support all types of devices which are already supported in LTE. There are many other use cases and device types, to list but few such as wearable devices, eHealth, smart appliances which require completely different capabilities. Following is an exemplary set of parameters of an LTE based smart watch. 
	Supported BW
	20MHz in DL and UL

	Modulation order 
	Up to 64QAM

	Peak data rate
	100Mbps in DL
50Mbps in UL

	Antenna
	1Tx and 1Rx

	Supported network
	GSM, CDMA, WCDMA, LTE-TDD/FDD, WiFi, Bluetooth.


Besides, NR may also support the MTC type of UEs, e.g. for industrial use cases, where the requirement of the devices in terms of complexity and cost is even lower. Note that the use cases of such MTC UEs are different from LPWA use cases. Based on the above discussion, in our view, it is time to consider diverse UE types in NR Rel-17 to support the low end eMBB and potentially MTC use cases. 
1. Potential work areas for diverse UE types in NR Rel-17
To support the diverse UE types in NR covering both low end eMBB and MTC use cases, the following potential specification work can be envisioned. 
· Use cases and design requirements
Due to the various use cases of diverse UE types, e.g. wearable devices, industrial MTC etc, the design requirements can be significantly different, e.g. supported data rate, acceptable device cost/complexity, latency, coverage, power consumption etc. To better understand the difference among different use cases, a study phase is needed to document the typical design requirements for each typical use cases. 
· Reducing UE bandwidth capability
The UE capability of supported DL and UL bandwidth should be reduced. For low end eMBB UEs, it may be considered to reduce the UE supported DL BW to the minimum bandwidth required by initial access channel in Rel-15, e.g. 10MHz for 30KHz SCS. The supported BW between 100MHz and 10MHz should also be considered targeting different data rates. And, decoupling of UE supported DL, UL bandwidth should also be supported. Since there is no need to change the L1 signal/channels, the specification impact is expected to be very small. This can be noted as type-1 narrow band UE. 
For MTC type of UEs, it may be considered to reduce the DL BW even further, potentially less than the minimum BW required by Rel-15 initial access. This requires significant change in L1 signal/channels design and initial access procedures thus the specification impacts are expected to be higher. This can be noted as type-2 narrow band UE.
The study item for diverse UE types in Rel-17 should at least consider type-1 narrow band UEs as above. The necessity of including type-2 narrow band UE in the study can be discussed further based on the requirement of NR MTC. 
· Reducing number of UE Rx antennas
Minimum number of supported UE Rx antennas should be reduced. This is not only due to cost and power consumption reasons, but also due to small form factor, e.g. smart watch. Both 2Rx and 1Rx UEs should be supported for NR diverse UE types. The expected work area should include additional performance requirements and introduction of new UE capabilities.  Furthermore, due to the reduced number of Rx antennas, the DL coverage will be sacrificed, it can be studied whether and how to compensate the coverage loss, if necessary. 
· New UE power classes 
New UE power classes with reduced maximum output power should be considered in the study, which reduces the device cost and power consumption. The 20dBm or 14dBm power classes as defined in LTE eMTC and NB-IOT can be considered as example in the study. 
· Baseband complexity reduction
Some baseband complexity reduction can be considered for low end UEs, to reduce the UE complexity. As an example, the supported number of PDCCH blind decodings per slot can be reduced. Some Rel-15 UE mandatory features which is not necessary for the low end UE scenarios can be made optional, for example the non-slot based PDSCH/PUSCH scheduling, further relaxed UE processing capability etc, details are to be discussed further.
· Further UE power saving 
The power consumption is critical to low end UEs devices, for example, one week battery life should be targeted for smart watch from user experience perspective. This target is actually very challenging due to the limited battery capacity, e.g. a typical smart watch has a battery capacity of <500mAh. Rel-16 UE power saving WI focused on the RRC CONNECTED states, which is based on the assumption that most power is consumed in RRC CONNECTED state for smart phones. However, a wearable device may stay in RRC IDLE/INACTIVE states with significantly longer time than a smart phone and due to the battery limitation as mentioned above, the IDLE/INACTIVE state power saving becomes more important for wearable devices.  
The potential areas for power saving enhancements may include the IDLE/INACTIVE mode enhancements, such as paging wake-up mechanisms, and RRM enhancements in IDLE state etc. Enhancements of some Rel-16 left-over UE power saving features for RRC CONNECTED state can also be beneficial for diverse UE types. 
· Interworking between NB-IOT/LTE-M and NR
As discussed above, Rel-15 initial BWP design may be reused for diverse UE types in Rel-17, i.e. the type-1 narrow band UEs. Therefore, the extreme narrow band UE operation for RRC IDLE/INACTIVE states cannot be achieved. In order to further reduce the UE power consumption for RRC IDLE/INACTIVE states, it may be considered for UE to camp on the NB-IOT/LTE-M carrier for IDLE modes and transit to RRC CONNECTED modes on a NR carrier using dedicated BWP. The power saving gain has to be quantified in the study and if justified, the necessary system enhancements should be studied to enable such interworking mechanism. 
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Figure 1. Interworking between NB-IOT/LTE-M and NR for power saving

1. Conclusion
In this contribution, we presented motivations for supporting diverse UE types in NR Rel-17, some analyses on the potential work areas are given. Supporting diverse UE types in NR is very important and it is proposed to study/specify in Rel-17. A corresponding study item proposal is given in RP-191306 for information. 
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