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1. Introduction

REDCAP is being standardized in Rel-17 [1] to target a set of use cases for 5G NR including industrial connections, surveillance cameras, and wearables. General requirements of these use cases in terms of data rate, power consumption, latency etc. are between LPWA and eMBB/URLLC. In other words, a Rel-15 eMBB UE is too powerful and expensive for these markets where the end device is no longer a smart phone. Thus, Rel-17 REDCAP focuses on defining a new UE with reduced capability compared to an eMBB UE, with the intention to reduce device complexity and size. The deployment scenarios for all FR1/FR2 bands for FDD and TDD will be supported. In this paper, we share our views on the enhancements of REDCAP in R18.
2. Motivation: IoT use case classification and market trends 
The IoT use cases can be broadly classified according to the peak data rate as summarized in Table 1 below, where use cases using low-tier IoT devices were mainly addressed by 2G GPRS and now are migrating to 5G using LPWA technologies, and the devices falling into the other two tiers are mainly 4G/LTE subdivision markets. More specifically, LTE Cat. 4 is a reasonable choice for high-tier IoT (~100Mbps) and LTE Cat. 1/1bis with lower UE cost is migrating into mid-tier IoT (data rates of 1 to less than 10 Mbps) with strong traction [2].

Table 1 Summary of different IoT tiers

	IoT tier
	Use case
	Peak data rate 
	Typical data rate

	High
	Cloud surveillance (FHD etc.), Vehicle T-BOX, High-end wearable etc.
	~100 Mbps
	High-end video: 7.5-25 Mbps

High-end wearables: 5-50 Mbps

	Mid
	Elevator camera (480p etc.), Low-end wearable, Push-to-talk over Cell, IoT gateway/Data transfer unit, Smart POS/Self-service cashier, Smart speaker, Vending machines, Cloud tele-operation, Industry sensor etc.
	~10 Mbps
	Economic video: 2-4 Mbps

Low-end wearables: 1-2 Mbps

Industry sensor: 1-2 Mbps

	Low
	Tracking, Metering, 2G POS, Shared bicycle, White goods, Street light, Smoke alarm, Smart agriculture etc.
	~1 Mbps
	<100 kbps


In Rel-17, 3GPP will define a new type of UE with reduced maximum bandwidth of 20 MHz for FR1 and 100 MHz for FR2 while both 2Rx and 1Rx are supported to enable NR based IoT use cases. Since the number of Rx branches does not necessarily result in a chipset architecture change, i.e. different number of Rx branches can be implemented according to device vendors’ choices, there is only a single REDCAP type of device to be specified in Rel-17, aiming for long term economies of scale by using a single chipset design for various use cases. Taking FR1 as an example, the peak data rate of REDCAP is calculated according to TS 38.306 with the assumption of 64-QAM, as summarized in Table 2 below. The peak data rate of 20 MHz LTE UE is also shown for comparison. 
Table 2 Peak data rate of NR vs. LTE IoT device
	RAT
	Device Type/Cat.
	DL (15 kHz SCS)
	UL(15 kHz SCS)
	IoT Tier

	NR
	2Rx RedCap UE
	170 Mbps
	91 Mbps
	High

	
	1Rx RedCap UE
	85 Mbps
	91 Mbps
	High

	LTE
	Cat. 4 UE
	150 Mbps
	50 Mbps
	High

	
	Cat. 1bis UE
	10 Mbps
	5 Mbps
	Mid


Observation 1: The Rel-17 REDCAP UE, irrespective of number of Rx branches, is specified to support some mid-tier IoT use cases. However, it will have capabilities/cost close to high-tier IoT use cases, and far higher than LTE Cat. 1bis.

On the other hand, the market for mid-tier IoT use cases is booming in the last 1 – 2 years, as can be seen from the increase of devices using LTE Cat. 1/1bis [2], while the device for that market is much more sensitive to cost, since many “to-business” type of verticals have much larger shipment volume, e.g. typically customers would purchase millions of modules in a batch in order to reduce the cost of each UE. However, for Rel-17 REDCAP, although the economies of scale will be able to help decrease device cost in the long term, it is not clear how long it would take for the industry to benefit from such effects, and there might be a bottom point at which the device cost would not be further reduced. Therefore, one cannot assume that that one high-tier IoT UE is enough to cover all mid-tier IoT use cases. This is well-known, as we see the trend that low cost Cat. 1/1bis is becoming more popular in LTE for the mid-tier IoT market [2] even though Cat. 4 has already been the most successful IoT module besides GPRS. Still, Cat. 4 is not able to address this mid-tier IoT market.
Observation 2: As the mid-tier IoT market grows quickly in recent years and in the near future, it is not clear when and whether Rel-17 REDCAP can cost-efficiently take all mid-to-high IoT markets by economies of scale.
A new NR based IoT device with further reduced cost/complexity, e.g. at least competitive compared to LTE Cat. 1bis, is motivated. Potential ways to further reduce UE cost/complexity in NR could be overall summarized as follows:
· Further reduce bandwidth

· Reduce peak data rate by scale factor (in LTE, restricting maximum TB size)

· Further reduce the maximum modulation order

· Reduce the maximum number of DCI blind detections
· Reduce the maximum number of HARQ processes
· Relax the timing relationships of HARQ procedures
· Support Type B HD-FDD

· Remove unnecessary specification functionalities.
According to section 7 of TR 38.875 [3], it is found that reducing bandwidth contributes the most significant gain to UE complexity reduction compared to other candidate techniques, e.g. reducing the memory size or buffer size. In addition, it is also good for UE power consumption reduction to further reduce maximum UE bandwidth, since the operating bandwidth is lower. Consider that a 20 MHz UE operating at low data rate still has cost reduction potential, it is a chance for NR to reshape mid-tier IoT by creating a lower cost and lower power consumption UE with further reduced UE bandwidth. NR has a very flexible air interface with a forward-compatible design, and already supports a wide range of UE channel bandwidths down to 5 MHz, which enables peak data rate of ~10 Mbps. This even lower channel bandwidth (compared to Rel-17 REDCAP) as maximum UE bandwidth can largely reuse the NR design with good compatibility, without needing changes to SSB.
Proposal 1: NR specifications should support REDCAP devices with a further reduced cost/complexity which is competitive compared to LTE Cat. 1bis, for the emerging mid-tier IoT markets.
3. Other enhancement considerations
3.1 Enabling more positioning use cases
NR positioning has been specified since Rel-16 and the enhancements in the ongoing Rel-17 are striving for high positioning accuracy (i.e., below 0.2 m @ 90% for IIoT use cases [4]), low latency, and improved efficiency. The support of NR positioning is in the form of introducing additional UE capability on top of a normal eMBB device. For the typical positioning methods, e.g. DL/UL TDOA, a larger bandwidth (e.g., 100 MHz) is needed to achieve high accuracy positioning which depends on the bandwidth of positioning signal [5]. It implies that high accuracy positioning needs to rely on a high cost device with very powerful communication capability. 

However, there are many typical IoT-positioning use cases in real life, which have very low communication requirements. For example, asset tracking is expecting high positioning accuracy (30 cm ~ 1 m [6]) but only requires low communication capability (e.g., ≤ 1 Mbps [7]) for control service request and response. Another example would be inbound logistics, for which powerful location services (< 30 cm [6]) and low communication capabilities (e.g., ≤ 1 Mbps [7]) are required.  

The ongoing Rel-17 REDCAP WI is enabling a low cost device compared to the existing eMBB device and the cost can be further reduced with the proposed even lower bandwidth UE for Rel-18 targeting mid-tier IoT use cases, especially in vertical industries. Those devices would have lower communication capability and hence good candidates for positioning use. However, lower UE bandwidth would also have the risk of degraded positioning accuracy, as explained above and shown in [5]. Therefore, depending on the requirements and use cases, there is a need to further study how to achieve a relatively high positioning accuracy, e.g. sub-meter positioning accuracy in comparison of normal eMBB device with 100MHz, with a lower UE cost 
Proposal 2: Study REDCAP based positioning to achieve high accuracy, e.g. sub-meter level, positioning.
3.2 Others
Some other aspects e.g. efficiency improvement might also be meaningful for REDCAP enhancements. In Rel-17 it is recognized that some REDCAP UEs may have low efficiency antennas which possibly consume more resources in both DL and UL. In addition, a 1Rx REDCAP UE may consume more resources in DL as well. Thus, in case these considerations related to low antenna efficiency and 1Rx branch need more work, it could be included in Rel-18.

Additionally assuming that REDCAP connections possibly grow quickly in future, methods for general spectrum efficiency improvement in Rel-18 could be of benefit.  For example, in the downlink, if gNB prepares to transmit a common message to a large number of UEs e.g. an OTA firmware update, using group-wise/multi-cast would improve spectrum efficiency significantly. For the uplink, many UEs may be deployed in a small area e.g. an industrial factory, and report frequently, then reduction of collisions or reduction of the interference between multiple-user transmissions would also be attractive. 
Proposal 3: Efficiency improvement could be considered for Rel-18 REDCAP enhancement.
4. Conclusions

In this paper we discuss and propose the following considerations for REDCAP enhancements in R18, 
Observation 1: The Rel-17 REDCAP UE, irrespective of number of Rx branches, is specified to support some mid-tier IoT use cases. However, it will have capabilities/cost close to high-tier IoT use cases, and far higher than LTE Cat. 1bis.

Observation 2: As the mid-tier IoT market grows quickly in recent years and in the near future, it is not clear when and whether Rel-17 REDCAP can cost-efficiently take all mid-to-high IoT markets by economies of scale.

Proposal 1: NR specifications should support REDCAP devices with a further reduced cost/complexity which is competitive compared to LTE Cat. 1bis, for the emerging mid-tier IoT markets.
Proposal 2: Study REDCAP based positioning to achieve high accuracy, e.g. sub-meter level, positioning.
Proposal 3: Efficiency improvement could be considered for Rel-18 REDCAP enhancement.
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