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Introduction
The 3GPP Release 17 work on the support for RedCap devices is an important step to further expand the addressable market of 5G NR. The use cases that motivate the specification work on Release 17 RedCap include wearables, industrial wireless sensors, and video surveillance [1]. A series of basic standardization work was done (or ongoing) for these use cases. In the next release, more use case can be considered and serval enhancement may needed for RedCap to improve the economy, availability and performance.
In this contribution, we share our consideration on RedCap enhancements for R18.

Considerations on the use cases
In Release 17, three typical use cases were considered for RedCap, the key requirements of these use cases described in the R17 RedCap WID [1] and are summarized in table 1.
Table 1: Use cases and requirements of R17 RedCap
	Use cases
	Data rate
	Latency
	Reliability
	Battery life
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Industrial wireless Sensors
	Less than 2 Mbps
	Communications: <100 ms
Safety: 5-10 ms
	99.99%
	At least few years.
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Video surveillance
	Economic video:2-4 Mbps,
High-end video: 7.5-25 Mbps
	< 500 ms
	99%-99.9%
	N/A
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Wearables
	Reference bitrate: 5-50 Mbps in DL and 2-5 Mbps in UL.
Peak bitrate: up to 150 Mbps for DL and up to 50 Mbps for UL.
	N/A
	N/A
	Up to 1-2 weeks


5G is to enable connected industries, 5G serve as catalyst for next wave of industrial transformation and digitalization, which improve flexibility, enhance productivity and efficiency, reduce maintenance cost, and improve operational safety. Thus, the use case of industrial wireless sensors was identified and specified. Similar to connected industries, 5G connectivity can serve as catalyst for the next wave smart city innovations, the deployment of surveillance cameras is an essential part of the smart city but also of factories, industries and farmland. Then, the use case of video surveillance was identified and specified. Wearables are very popular in the market and need to be supported in 5G, the wearables include smart watches, eHealth related devices, personal protection equipment (PPE), and medical monitoring devices for use in public safety applications, etc.
In addition to the above use cases, some other use case can be considered for RedCap in R18 to accelerate the extensive application of information technologies in industrialization (Fig.1). For example, the industrial controller use case (e.g. motion control or C2C [2]). Wireless controllers can replace human’s controls, thereby avoiding some operational risks in industrial manufacture. Same to industrial wireless sensors, the peak date rate of this case can be very small (e.g., less than 2 Mbps) and the device may also stationary, but the reliability requirements are very high, from 99.999% or 99.9999% to 99.999 999% [2].
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Figure1: Information technologies in industrialization
Besides, patrol robot (mobile robot) is also a considerable use case, robots can go to some places where human can't go. Patrol robot can be used in the smart city and/or the smart power grid (shown in Fig.2) to monitor the safety state of the city or search for malfunctions in the power grid. Same to video surveillance, the traffic of patrol robot is UL dominate. However, the requirements of mobility (<50km/h [2]) and reliability (> 99.999 9% [2]) is higher than video surveillance. Similar usage to patrol robot, patrol UAV is another possible use case.
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Figure 2: Structure of smart power grid and possible use cases for RedCap
In production and daily life, there are many scenarios where RedCap can be used, it is worth studying the  additional use cases for RedCap in R18, and the requirements of the new use cases can be further discussed and identified.
Proposal 1: In addition to R17 usecases, new use cases and corresponding requirements can be studied for RedCap in R18.
· Industrial controller 
· Patrol robot
· Smart grid
· Etc.
Further cost/complexity reduction 
BW reduction
NR device is required to support 100 MHz in FR1, and 200 MHz in FR2, while for the R17 RedCap, these requirements are reduced to 20 MHz and 100 MHz, respectively. However, even when the BW reduced to 20MHz in FR1, the peak data rate(as listed in table 2) of RedCap is comparatively high for the use case of industrial wireless sensors, video surveillance(as listed in table 1) or other possible cases with lower data rate requirements.
Table 2: Data rate of R17 RedCap (1Rx+20Mhz+64QAM)
	SCS
	BW
	NRB
	#Layer
	Mod
	Ts
	OH（DL/UL）
	Approx. Data Rate（DL/UL）

	15KHz
	20MHz
	106
	1
	6
	7.14e-5
	0.14/0.08
	86 Mbps/92 Mbps

	30KHz
	20MHz
	51
	1
	6
	3.57e-5
	0.14/0.08
	81.9 Mbps/87.6 Mbps


Therefore, the maximum bandwidth can be further reduced, since the bandwidth reduction will restrict the number of PRBs in an assignment/grant, which will cause the limit of the peak data rate. We can derive the bandwidth levels from the analysis of the peak data rate:
Table 3: Peak data rate vs. the bandwidth
	BW
	SCS
	NRB
	Approx. Data Rate（DL/UL）
	Supported Use cases

	20M
	30KHz
	51
	81.9 Mbps/87.6 Mbps
	Industrial wireless sensors
Video surveillance
Wearables

	10M
	30KHz
	24
	38.5 Mbps/41 Mbps
	Industrial wireless sensors
Video surveillance

	5M
	30KHz
	11
	17.7 Mbps/18.9 Mbps
	Industrial wireless sensors


From the perspective of fulfilling the requirements of identified use cases, the bandwidth can be reduced to 10MHz or smaller (e.g 5MHz). 
According to the conclusion in SI phase [3], a reduction in BW is expected to bring considerable benefits in terms of cost reductions. Besides, the UE power consumption can also be reduced and leads to longer battery life. According to the power model in [4], e.g. scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80, if UE is operating in 10MHz channel bandwidth, the power consumption can be reduced 18% compared to that of 20MHz operating bandwidth. 
When the maximum BW is further reduced, the specification impacts(e.g. the procedure of initial access) need to be further studied. From our point of view, the specification impacts should be as small as possible, so we can reuse R15 SSB as a start point for initial access.
Proposal 2: The maximum bandwidth of R18 RedCap UE shall be further reduced to 10MHz and/or 5MHz for FR1.
· Reuse R15 SSB as a start point for initial access. 
· Other specification impacts need to be further studied, e.g. similar aspects as R17 RedCap, and new aspects related to bandwidth reduction.
· FFS for FR2. 
In addition to further BW reduction from 20Mhz to smaller one, larger BW can also be considered for higher data use case in R18.
Proposal 3: FFS for maximum bandwidth larger than 20MHz for higher data use case in FR1.

Relaxed processing time 
In the R17 SI phase of RedCap, relaxed processing time for RedCap was studied. The relaxation of the UE processing time is beneficial to pipeline reduction, where the number of the parallel modules can be reduced significantly, then, the UE complexity/cost would be reduced. Based on the TR 36.888 methodology for UE cost/complexity evaluation, we evaluated the cost reduction of relaxed processing time for RedCap UE. The results show that processing time relaxing (doubled N1/N2 compared to cap#1) brings about 8% cost saving compared to capability 1.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]A UE with a relaxed timeline would be able to work with lower clock frequency and lower voltage which has exponential contribution on the UE power. That is to say, a relaxed timeline corresponds to a lower power consumption. According to our evaluation result, if N1/N2 set to be doubled compared to those of capability #1, about 10% power saving gain can be achieved.
If a new relaxed UE processing time is introduced, it is expected that new UE processing time capability is introduced, which is lower than processing capability 1. 
According to the above analyses, relaxed UE processing time is beneficial to cost reduction and power saving with acceptable spec impact, so we propose to specify a new relaxed UE processing time for RedCap UE in R18.
Proposal 4: UE processing time relaxation should be considered for R18 RedCap UE.

TBS restriction
In our view, TBS restriction like those done in LTE Cat-1 can bring benefit of further cost reduction, e.g. restricting the maximum number of PRBs for PDSCH/PUSCH, or equivalently restricting TBS in the specification. With TBS restriction, cost of channel decoding related modules (e.g. LDPC decoding, HARQ buffering) and MIMO related modules (e.g. Post-FFT data buffering, Receiver processing block) can be reduced. 
In RAN#90e discussion, from perspective of network spectrum efficiency, if RedCap UEs occupy too larger bandwidth, the network spectrum efficiency would be degraded for optional full-buffer traffic, since RedCap UE is lack of antenna multiplexing or diversity gain. Some companies supported to restrict the maximum number of PRBs for RedCap UE to mitigate the loss of network spectrum efficiency. We share the similar view.
If the TBS is restricted, the initial access procedure should not be impacted. For SI, paging message and Msg 1/2, it can be ruled that gNB should not send TB with larger than a defined value; otherwise, the cell is considered as barring for RedCap UE. Therefore, there could be marginal specification impact to initial access. Furthermore, after Msg 3, gNB can realize the existence of a RedCap UE and implicitly send TB with limited size, which has no specification impact thereafter. Therefore, we suggest considering the TBS restriction.
Proposal 5: TBS restriction should be considered for R18 RedCap UE.

Others
Some other leftovers from R17 RedCap SID/WID can be potentially considered in R18 RedCap. However, those leftovers are highly depended on the standardization progress in R17, e.g. spectrum efficiency enhancement. R17 RedCap leftovers can be reconsidered for R18 RedCap at the end of 2021. 

Enhancement considerations
UL enhancement  
For the use case of industrial wireless sensors, video surveillance or other possible cases in R18(e.g. patrol robot), the traffic is UL dominate, UL enhancement can be considered for this kind of use cases. For example, multi-TB scheduling can be introduced to increase the UL peak data rate for HD-FDD RedCap UE, since the proportion of the UL subframe/slot can be increased. In addition, for those stationary UE, the channel state changes slowly, then, the reference resource can be optimized to reduce the overhead. 
Proposal 6: UL enhancement should be considered for R18 RedCap UE.
· R18 eMBB related Uplink enhancement items and/or solutions from other items shall be assumed to be available to R18 RedCap UEs by default, with additional improvement or with small modifications for R18 RedCap UEs if found necessary. 

Access to unlicensed band and industrial IoT/vertical/private band
In some scenarios (e.g., Industrial scenario), there may not have licensed spectrum to be used. If the RedCap UE can be allowed to access to unlicensed band, the economy and availability of RedCap will be increased dramatically. When come to unlicensed band, LBT mechanism should be introduced. In addition, in order to maintain the fairness, the LBT BW of RedCap should no smaller than 20MHz. When the maximum bandwidth is further reduced from 20Mhz, the RedCap UE may cannot access to the unlicensed band. Alternatively, additional LBT module can be equipped for those RedCap UEs with smaller BW, since LBT is based on energy detection(ED), the cost of the ED module may acceptable.
For industrial IoT/vertical/private band, it highly depends on regional industries input. Additional modifications/solutions to apply RedCap usage may be needed.
Proposal 7: RedCap UE shall be allowed to access to unlicensed band and industrial IoT/vertical/private band in R18.
· For unlicensed band, FFS whether and how to support bandwidth smaller than 20MHz.
· For industrial IoT/vertical/private band, it highly depends on regional industries input. Additional modifications/solutions to apply RedCap usage may be needed. 

Security enhancement
The security of Redcap is an important factor for industry 5G application together with network slice and NSAAA feature [5]. However, R17 RedCap mainly focus on physical layer, such as cost reduction and UE capability reduction, etc. In R18, it is deserved to pay some efforts on security aspects which is beneficial to 5G eco-system for industry application and can bring more confidence to vertical customers.
· Encryption. UP security policy including confidentiality protection and integrity protection for RedCap application. 
· Access control. Apart from preventing unauthorized Redcap UE to access to slice or due to slice overload, the user data access attribute defined in GST [6] should be considered as well. There are three values of user data access, includes direct internet access, termination in the private network and local traffic (no internet access) respectively. By restricting the direction of user data, security can also be guaranteed.
· Isolation. The isolation is an important feature for slice and consists of physical isolation and logical isolation, which also provides a foundation for security. However, the isolation level defined in GST has not been considered in R17 [7].  In addition, different slices (eMBB, URLLC and mMTC) could be simultaneously used for R18 RedCaps in one 2B network. Enhancement to existing SST or introduce a new Redcap slice type could be discussed in R18. 
Proposal 8: Encryption and Slicing enhancement should be considered from RedCap application perspective in R18, especially related to security part. 

Other enhancements
For power saving, in order to evaluate R16/17 eMBB power saving techniques for different R18 RedCap scenarios or use cases, additional improvement or tailoring may be needed, such as for stationary RedCaps (e.g., sensors or video surveillances), or for RedCap UE in idle mode. Moreover, it may necessary to define new power classes for R18 RedCap[8]. For example, lower RedCap power class for sensors and higher power class for specific scenarios (e.g., Line Current Differential Protection CPE for smart power grid).  
Proposal 9: Power saving enhancements for R18 RedCap:
·  Evaluating R16/17 eMBB power saving techniques for different R18 RedCap scenarios or use cases, additional improvement or tailoring may be needed, such as for stationary RedCaps (e.g., sensors or video surveillances). 
· Define new power classes for R18 RedCap.
· Lower RedCap power class, such as for sensors.
· Higher power class should also be considered for specific scenarios, such as Line Current Differential Protection CPE for smart grid.   
For others, enhancements coming from cross-functionalities for both eMBB and Non-eMBB Evolution can be considered. For example, positioningfor R18 RedCap[8][9][10][11] (e.g., high accuracy and/or low power for industrial RedCap, XR usage for helmets, etc). Other cross-Functionalities, like NTN based RedCap, Side Link based RedCap[12][13] are also considerable. If the related enhancement is specified in other R18 WIs/SIs, it shall be assumed to be available to R18 RedCap UEs by default.
Proposal 10: Enhancements coming from cross-Functionalities for both eMBB and Non-eMBB Evolution. 
· Positioning for R18 RedCap: high accuracy and/or low power for industrial RedCap; XR usage for helmets; etc.
· FFS for other cross-Functionalities (e.g., access to NTN, SL-RedCap).
· If the related enhancement is specified in other R18 WIs/SIs, it shall be assumed to be available to R18 RedCap UEs by default.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
In this contribution, we share some considerations on Rel-18 Redcap with the following proposals: 
Proposal 1: In addition to R17 usecases, new use cases and corresponding requirements can be studied for RedCap in R18.
· Industrial controller 
· Patrol robot
· Smart grid
· Etc.
Proposal 2: The maximum bandwidth of R18 RedCap UE shall be further reduced to 10MHz and/or 5MHz for FR1.
· Reuse R15 SSB as a start point for initial access. 
· Other specification impacts need to be further studied, e.g. similar aspects as R17 RedCap, and new aspects related to bandwidth reduction.
· FFS for FR2. 
Proposal 3: FFS for maximum bandwidth larger than 20MHz for higher data use case in FR1.
Proposal 4: UE processing time relaxation should be considered for R18 RedCap UE.
Proposal 5: TBS restriction should be considered for R18 RedCap UE.
Proposal 6: UL enhancement should be considered for R18 RedCap UE.
· R18 eMBB related Uplink enhancement items and/or solutions from other items shall be assumed to be available to R18 RedCap UEs by default, with additional improvement or with small modifications for R18 RedCap UEs if found necessary. 
Proposal 7: RedCap UE shall be allowed to access to unlicensed band and industrial IoT/vertical/private band in R18.
· For unlicensed band, FFS whether and how to support bandwidth smaller than 20MHz.
· For industrial IoT/vertical/private band, it highly depends on regional industries input. Additional modifications/solutions to apply RedCap usage may be needed. 
Proposal 8: Encryption and Slicing enhancement should be considered from RedCap application perspective in R18, especially related to security part. 
Proposal 9: Power saving enhancements for R18 RedCap:
·  Evaluating R16/17 eMBB power saving techniques for different R18 RedCap scenarios or use cases, additional improvement or tailoring may be needed, such as for stationary RedCaps (e.g., sensors or video surveillances). 
· Define new power classes for R18 RedCap.
· Lower RedCap power class, such as for sensors.
· Higher power class should also be considered for specific scenarios, such as Line Current Differential Protection CPE for smart grid.   
Proposal 10: Enhancements coming from cross-Functionalities for both eMBB and Non-eMBB Evolution. 
· Positioning for R18 RedCap: high accuracy and/or low power for industrial RedCap; XR usage for helmets; etc.
· FFS for other cross-Functionalities (e.g., access to NTN, SL-RedCap).
· If the related enhancement is specified in other R18 WIs/SIs, it shall be assumed to be available to R18 RedCap UEs by default.
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Appendix
Service performance requirements in TS 22.104.
Table A.2.2.1-1: Service performance requirements for motion control
	[bookmark: _GoBack]Use case #
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value [%]
	Communication service reliability: mean time between failures
	End-to-end latency: maximum
	Service bitrate: user experienced data rate
	Message size [byte]
	Transfer interval: lower bound
	Transfer interval: upper bound
	Survival time
	UE speed
	# of UEs
	Service area (note)

	1
	99.999 to 99.999 99
	~ 10 years

	< transfer interval value
	–
	50
	500 μs – 500 ns
	500 μs + 500 ns
	500 μs
	≤ 72 km/h
	≤ 20
	50 m x 10 m x 10 m

	2
	99.999 9 to 99.999 999
	~ 10 years
	< transfer interval value
	–
	40
	1 ms – 500 ns
	1 ms + 500 ns
	1 ms
	≤ 72 km/h
	≤ 50
	50 m x 10 m x 10 m

	3
	99.999 9 to 99.999 999
	~ 10 years
	< transfer interval value
	–
	20

	2 ms – 500 ns
	2 ms + 500 ns
	2 ms
	≤ 72 km/h
	≤ 100
	50 m x 10 m x 10 m


Table A.2.2.3-1: Service performance requirements for mobile robots
	Use case #
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value [%]
	Communication service reliability: mean time between failures
	End-to-end latency: maximum
	Service bitrate: user experienced data rate
	Message size [byte]
	Transfer interval: lower bound
	Transfer interval: target value (note)
	Transfer interval: upper bound
	Survival time
	UE speed
	# of UEs
	Service area

	1
	> 99.999 9
	~ 10 years
	< target transfer interval value
	–
	40 to 250
	 – < 25 % of target transfer interval value
	1 ms to 50 ms
	+ < 25 % of target transfer interval value
	target transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2

	2
	> 99.999 9
	~ 1 year
	< target transfer interval value
	–
	15 k to 250 k
	– < 25 % of target transfer interval value
	10 ms to 100 ms
	+ < 25 % of target transfer interval value
	target transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2

	3
	> 99.999 9
	~ 1 year
	< target transfer interval value
	–
	40 to 250
	– < 25 % of target transfer interval value
	40 ms to 500 ms
	+ < 25 % of target transfer interval value
	target transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2

	4
	> 99.999 9
	~ 1 week
	10 ms
	> 10 Mbit/s
	–
	–
	
	–
	–
	≤ 50 km/h
	≤ 100
	≤ 1 km2

	NOTE:	The transfer interval is not so strictly periodic in these use cases. The transfer interval deviates around its target value within bounds. The mean of the transfer interval is close to the target value.
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