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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introductions
In 3GPP TSG RAN Meeting #86, a new SID on support of reduced capability NR devices (RedCap) was agreed [1]. The objective for SID in Appendix 1. The RedCap device capability scope is between LTE Cat 1bis and Cat 4, which is shown in Appendix 2. 
This contribution first gives some insight for wearable use cases and requirements, and then discusses capability and complexity reduction features for RedCap. After that, some discussions on potential UE categories for RedCap are given.

2. Use cases and requirements for wearables
In the SID, RedCap use cases consist of  industrial sensors, video surveillance and wearables. In SID, there is a very rough requirements for wearables due to few time for discussion in RAN plenary. The requirement for wearables in SID is actually for the high-end wearables. In Fact, there are various kinds for wearables devices, from low-end wearables to high-end wearables and the requirements are different.
2.1. Use cases for wearables
Most popular services for smart watch consist of voice, chat-like apps, songs, e-health apps, and video call with limited definition due to small screen, etc. To meet the data rate requirement of these services mentioned above, 3Mbps data rate for DL and UL is enough for a basic smart watch use case. From data rate point of view, the capability of LTE CAT1/1bis (10Mbps and 5Mbps for DL and UL peak data rate respectively) is sufficient. This can be considered as low-end wearables.  In fact most of the LTE-based smart watch is within this category from data rate perspective. One critical issue for smart watch is its battery life. Nowadays most of the smart watch need to charge once per day, which does not satisfy the user expectation. There is a big gap between the user expectation and the practical performance.
Another subset for low-end wearables is smart wristband. Today, most smart wristband only has Bluetooth and has no cellular (e.g., 2G/3G/4G) module. But wristband has the requirements of cellular communication to support at least voice service. For example, some people want to go running but they do not want to take a smart phone with them, therefore it would be beneficial to support voice call by smart wristband. If RedCap can provide optimized design for wristband, there will occur a new market for wristband supporting cellular communication.
Besides the low-end watches, some high-end wearables require a higher data rate, for example the AR glasses or high-end smart watches, etc. For such use cases, data rate of tens of Mbps is needed. To support high-end wearable requirements, the capability equivalent to a LTE CAT4 (150Mbps and 50Mbps for DL and UL peak data rate respectively) devices should be supported. The comparison for low-end wearable and high-end wearable is shown in Table 1.
Observation 1: There are various use cases for wearables. 
· Low-end wearable, consisting of wristband and low-end smart watch. 
· The reference data rate is  less than 3Mbps 
· Battery life of 1 to 2 weeks. 
· High-end wearables, consisting of AR glasses and high-end watches.
· The reference data rate is tens of Mbps
· The expected battery life is several days.

Table 1: Two kinds of wearable use cases for wearable
	Two kinds of wearable use cases
	Services
	Reference data rate
	Peak data rate
	Expected battery life
	Product picture

	Low-end wearables
	e-health and fitness, voice, chat-like apps, video call with limited definition
	<3Mbps for DL/UL
	DL and UL: 5~10Mbps
	1~2 weeks
	[image: ][image: ]
Wristband, low-end watches

	High-end wearables
	e-health and fitness, voice, chat-like apps, UHD video call, large file downloading and uploading
	Tens of Mbps for DL/UL
	DL and UL: 50~150Mbps
	Several days
	[image: ][image: ]
high-end watches, AR glasses



As discussed above, the requirement for wearable in RedCap as captured currently in SID justification is actually for the high-end wearable. Taking into account the low-end wearable and its requirements, all the use cases for RedCap are summarized in Table 2 below. It is necessary to update the use case and requirements to cover the low-end wearable scenarios. It is proposed to have a section in RedCap TR to capture these use cases and requirements. 
Proposal 1: To capture Table 2 in the scenario and requirements section in RedCap TR.

Table 2: RedCap use cases and requirements
	Use cases
	reference bit rate 
	end-to-end latency 
	reliability /availability 
	peak bit rate
	Battery 

	Industrial sensors
	<2Mbps (UL heavy)
	<100ms;
5-10ms for safety related sensors
	Availability:99.99% 
	
	few years

	Video Surveillance
	2-4 Mbps for economic video; 7.5-25 Mbps for High-end video
	< 500 ms
	Reliability: 99%-99.9%. 
	
	

	High-end Wearable
	10-50 Mbps in DL and minimum 5 Mbps in UL 
	
	
	150 Mbps for DL and 50 Mbps for UL
	Several days 

	Low-end Wearable
	<3Mbps in DL and UL
	
	
	5-10Mbps for DL and UL
	up to 1-2 weeks



2.2. Ratio of IDLE state for wearables
The user habits and services types for smart watches are different from smart phones. According to our statistics for 4G smart phones and 4G smart watches, their time ratio of idle state is 80% and 90%, respectively, as shown in Figure 1. Thus to improve the battery life for wearables, idle-mode power savings are critical for RedCap UEs, including techniques to avoid the unnecessary paging reception (to be specified Rel-17 UE power saving WI) and RRM relaxation  (to be studied in RedCap SI). 
Observation 2: The time ratio of idle state for wearable can reach 90%. 
Proposal 2: Idle-mode power saving should be considered for RedCap UEs, including techniques to avoid the unnecessary paging reception (to be specified Rel-17 UE power saving WI) and RRM relaxation  (to be studied in RedCap SI).

Figure 1: the time ratio of idle state

3. Capability and complexity reduction
UE capability reduction is beneficial for RedCap UEs from the following perspectives
· Reduced device cost
· Smaller form factor
· Reduced power consumption and thus longer battery life
3.1. Reduced Rx antenna and antenna gain
Today most of the smart watches in the market have only 1Rx and 1Tx due to its limited form factor. Due to the same reason, the typical antenna size for watch is about 40-50mm X 3-5mm, which is much smaller than the antenna size for smart phone. Furthermore, typically a single antenna covers a wide frequency band range, e.g., from 800MHz to 2700MHz. Moreover, because the watch is on the wrist, the body loss impact is different from the smart phones which are in the hand and/or near the head. Thus the antenna performance (i.e., TRP and TIS) for smart watch is worse than TRP and TIS of smart phones. TRP (Total radiated power) is a measure of how much power is radiated by an antenna over all possible angles (a spherical measurement).  TRP relates to the UL performance. The impact factors of TRP consists of antenna size and body loss (near hand, head or on wrist), etc. TIS is the total isotropic sensitivity related to the DL reception performance. The impact factors of TIS consists of antenna size, body loss (near hand, head or around wrist) and number of Rx antennas, etc. In Table 3, there is an example of TRP and TIS performance for smart phone and smart watch for three LTE bands (B3, B5 and B38). HL (hand left) test mode is assumed for smart phone, and smart watch antenna performance is measured assuming it is on the wrist. For smart phone 2Rx/1Tx is assumed and for smart watch 1Rx/1Tx is assumed. 
From the results in Table 3, it can be seen a significant TRP loss for smart watch compared to smartphone due to smaller antenna size, and even larger TIS loss due to not only smaller antenna size but also reduced antenna number from 2Rx to 1Rx.  The loss can vary across different frequency bands, on the average TRP performance loss compared to smart phone is about 3dB and the average TIS performance loss compared to smart phone is about 6.2dB. The multi-antenna receiving diversity gain is included in the test results for smart phones of 2Rx. Subtracting a maximum 3dB receiving diversity gain of 2Rx, the TIS loss due to smaller antenna size is about 3dB. 
Therefore, in order to accurately evaluate the coverage performance for RedCap wearables, -3dBi UE antenna gain should be modeled, instead of 0dBi for smart phones. The detailed simulations result for DL and UL coverage performance can be seen in [2].
Proposal 3: Due to the limited form factor of smart watch, cost and power saving requirement, 1Rx and 1Tx should be considered for wearables.
Proposal 4:  -3dBi UE antenna gain should be considered for wearables. 





Table 3: an example of TRP and TIS performance for smart phone antenna and smart watch antenna
	Band No
	smart phone—HL(hand left)
	smart watch—Wrist
	performance loss(smart phone vs smart watch)

	
	TRP(dBm)
	TIS(dBm)
	TRP(dBm)
	TIS(dBm)
	TRP loss(dB)
	TIS loss(dB)

	LTE B3 (1800)
	13.5
	-91
	10.5
	-84.5
	3
	6.5

	LTE B5
(850)
	10.5
	-87
	7.5
	-82.5
	3
	4.5

	LTE B38
(2600)
	14.5
	-92
	11.5
	-84.5
	3
	7.5

	
	Average: 3 dB
	Average: 6.2 dB



3.2. Bandwidth reduction
Reduced bandwidth is considered as one of the potential features for reduced capability devices. With UE operating bandwidth reduced, not only the device cost can be lowered, the UE power consumption can also be reduced and leads to longer battery life. According to the power model in [3], the power consumption is scaled for DL bandwidth using the following equation in FR1, with X=100MHz as the baseline.
Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80
Therefore, if UE is operating in 10MHz channel bandwidth, the power consumption can be reduced 67% compared to that of 100MHz operating bandwidth. 
As guided by SID, the SSB bandwidth should be reused, thus channel BW of RedCap UEs should not be smaller than SSB bandwidth, i.e. 7.2MHz for 30kHz. Different channel bandwidth capability can be reported by RedCap UE based on UE types or use cases. For example, the data rate for industry wireless sensors is less than 2Mbps, the required channel bandwidth can be limited; for high-end wearables, the peak data rate may be up to 150Mbps for DL and 50Mbps for UL, then 20MHz channel bandwidth is needed to achieve the target data rate. For FR1, the reduced channel bandwidth for Redcap UEs can be considered between 10MHz ~ 20MHz.
Proposal 5: The minimum bandwidth capability of 10MHz~20MHz can be considered for Redcap UEs in FR1.
3.3. Narrowband operation in a wideband carrier
The reduced capability UEs may include various device types, e.g., industrial sensors, video surveillance and wearables. The amount of RedCap UEs may be great in a cell considering these devices. Since the broadcast channels, e.g. paging, RAR, MSG4 and RRC signaling are transmitted through initial DL BWP, the load of initial DL BWP would be heavier with the increment of camped devices. In addition, PRACH load on initial UL BWP may also be a concern. Methods to offload UEs to frequency resources other than initial BWP can be considered for reduced capability UEs, as shown in Figure 2. 
In Rel-15, cell defining SSBs (CD-SSB) are used for synchronization, intra-frequency RRM, RLM and etc., and the CD-SSB is contained in the initial DL BWP for SSB&CORESET#0 multiplexing pattern 1 in FR1. In this case, UE can receive SSBs inside the operating bandwidth without RF retuning. Although UE can be configured to other DL BWPs in RRC connected mode, UE only support the active DL BWP which has SSB fully contained in the BWP bandwidth as mandatory (UE feature 6-1) in Rel-15/16. UE supporting an active BWP without SSB is optional.
Typically, the network may only transmit SSBs at one frequency part in the system bandwidth. If RedCap UE is offloaded to a BWP without SSB, UE may need to perform RF retuning frequently to receive SSB for synchronization, RRM and RLM, etc. Since the BWP switching delay may be up to 3ms, it may lead to frequent interruption for RedCap UEs, as shown in Figure 2a. On the other hand, if UE is offloaded to a BWP containing SSB, UE can receive SSB within the active BWP without frequent RF retuning, as shown in Figure 2b. However, it may lead to higher overhead since additional SSBs should be transmitted for RedCap UEs.



(a)                                                                                             (b)
[bookmark: _Ref40378380]Figure 2:  Offloading UEs to BWPs other than initial DL BWP
Observation 3: If RedCap UEs are offloaded to a BWP without SSB, UE may need to perform RF retuning to receive SSB for synchronization, RRM, RLM, etc., and it will lead to frequent interruptions for RedCap UEs.
Besides, due to reduced number of Rx antennas and worse antenna performance, coverage of RedCap UEs is inferior to that of normal UEs, the network may need to transmit the broadcast channel with low coding rate or more repetitions to accommodate the RadCap UEs, and the load in initial BWP would be heavy even if the UE specific transmission is not considered. Therefore, the offloading mechanism would be needed before RRC connection. For example, network can offload the transmissions for RedCap UEs to a separated CORESET#0/initial BWP, which is FDMed with the normal UEs. Besides, specific configurations or mechanisms can be introduced on the separated CORESET#0/initial BWP for Redcap UEs, e.g. for coverage recovery purpose.
Proposal 6:  To study mechanisms to offload RedCap UEs in IDLE, inactive and RRC connected mode to a different BWP than initial BWP. 
3.4. Relaxed processing time/capability
There are two UE processing capabilities for Rel-15 UE, i.e., UE processing capability 1 and UE processing capability 2. These two UE processing capabilities have different values for N1 and N2. UE processing capability 1 is a basic capability while UE processing capability 2 has a tighter requirement than UE processing capability 1. It should be noted the timeline of NR processing capability #1 is much stringent than LTE.
It is necessary to study is whether a relaxed UE processing capability can provide complexity reduction and power saving gain for RedCap UEs. And if there is clear benefit, it is worthwhile to introduce UE processing capability #0 for RedCap. 
Proposal 7: To study the complexity reduction and power saving gain by further relaxing the UE processing capability. 
In R15 and R16, gNB can configure up to 16 HARQ processes for a UE and all UEs are required to support 16 HARQ processes. More HARQ processes causes more buffer and complexity for UE. For RedCap UEs with low data rate requirements, HARQ process number reduction is a candidate solution to reduce the UE capability.
Proposal 8: Study HARQ process number reduction for RedCap UEs. 

3.5. CA and BWP
In SID, there is a Note 4: This SI should focus on SA mode and single connectivity. So DC is not supported according to Note 4. CA can support higher data rate while introduces more complexity and capability to UE than non-CA. Because RedCap UEs have low data rate requirement and are sensitive to complexity, costs and power consumption, the study on RedCap UEs should focus on single carrier operation.
As discussed in Section 3.2, it is likely that the supported bandwidth for RedCap UEs is 20MHz or smaller, the necessity to support Type A and Type B BWP adaptation [5] for RedCap seems not clear. The basic BWP operation (UE feature 6-1 with single RRC configured BWP) should be the baseline assumption for RedCap UE. Components for UE feature 6-1 consist of:
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell

Proposal 9: Single carrier operation should be focused on for RedCap UEs
Proposal 10: Basic BWP operation, i.e. UE feature 6-1 should be the baseline assumption for RedCap UEs.  

4. UE categories/types definition for RedCap
As summarized in table 2 of section 2.1, the date rate, cost and power consumption requirements diverse for different use cases. In general it is preferred to define less UE types considering the economics of scale, however, if we only define one device type or category assuming the highest data rate (e.g. 150Mbps DL and 50Mbps in UL), it is not clear how to meet the few year battery life for sensors and 1-2 weeks for low-end wearable. In addition, using a high data rate modem (e.g. 150Mbps DL and 50Mbps in UL) for industrial sensors or low-end wearables is obviously not cost efficient.  
Therefore, to meet the requirements for various RedCap use cases and requirements and considering the tradeoff between economics of scale and cost/power efficiency, it is necessary to consider two RedCap device types covering low and high data rate use cases, respectively. 
· Type 1 RedCap UEs covering industrial sensors, economic video, low-end wearable use cases 
· Type 2 RedCap UEs covering high-end wearable and high-end video Surveillance use cases
The corresponding parameters for the two types of RedCap UEs are shown in Table 4 as an example. 
Observation 4:  The tradeoff between economics of scale and cost/power efficiency should be carefully considered when defining the RedCap UE categories or types. 
Proposal 11: Consider to define two RedCap UE categories or types as shown in Table 4 to cover low and high data rate use cases.
Table 4: two Device types/ categories for RedCap
	Device type/ category
	Use cases
	Peak data rate
	Rx/Tx antenna
	Bandwidth
	Battery life

	1
	Industrial sensors, economic video, low-end wearable
	DL and UL: 5~10Mbps
	1Rx/1Tx
	10~20MHz
	few years for Industrial sensors;
1-2 weeks for low-end wearables

	2
	High-end video Surveillance, high-end wearable
	DL and UL: 50-150Mbps
	1Rx, 2Rx, 1Tx
	20MHz and above
	Several days for high-end wearable


 
5. Conclusion
This contribution first gives some insight for wearable use cases and requirements, and then discusses capability and complexity reduction features for RedCap. After that, some discussions on potential UE categories for RedCap are given. The observations and proposals are as follows:

Observation 1: There are various use cases for wearables. 
· Low-end wearable, consisting of wristband and low-end smart watch. 
· The reference data rate is  less than 3Mbps 
· Battery life of 1 to 2 weeks. 
· High-end wearables, consisting of AR glasses and high-end watches.
· The reference data rate is tens of Mbps
· The expected battery life is several days.
Proposal 1: To capture Table 2 in the scenario and requirements section in RedCap TR.
Table 2: RedCap use cases and requirements
	Use cases
	reference bit rate 
	end-to-end latency 
	reliability /availability 
	peak bit rate
	Battery 

	Industrial sensors
	<2Mbps (UL heavy)
	<100ms;
5-10ms for safety related sensors
	Availability:99.99% 
	
	few years

	Video Surveillance
	2-4 Mbps for economic video; 7.5-25 Mbps for High-end video
	< 500 ms
	Reliability: 99%-99.9%. 
	
	

	High-end Wearable
	10-50 Mbps in DL and minimum 5 Mbps in UL 
	
	
	150 Mbps for DL and 50 Mbps for UL
	Several days

	Low-end Wearable
	<3Mbps in DL and UL
	
	
	5-10Mbps for DL and UL
	up to 1-2 weeks



Observation 2: The time ratio of idle state for wearable can reach 90%. 
Proposal 2: Idle-mode power saving should be considered for RedCap UEs, including techniques to avoid the unnecessary paging reception (to be specified Rel-17 UE power saving WI) and RRM relaxation  (to be studied in RedCap SI).
Proposal 3: Due to the limited form factor of smart watch, cost and power saving requirement, 1Rx and 1Tx should be considered for wearables.
Proposal 4:  -3dBi UE antenna gain should be considered for wearables. 
Proposal 5: The minimum bandwidth capability of 10MHz~20MHz can be considered for Redcap UEs in FR1.
Observation 3: If RedCap UEs are offloaded to a BWP without SSB, UE may need to perform RF retuning to receive SSB for synchronization, RRM, RLM, etc., and it will lead to frequent interruptions for RedCap UEs.
Proposal 6:  To study mechanisms to offload RedCap UEs in IDLE, inactive and RRC connected mode to a different BWP than initial BWP. 
Proposal 7: To study the complexity reduction and power saving gain by further relaxing the UE processing capability. 
Proposal 8: Study HARQ process number reduction for RedCap UEs. 
Proposal 9: Single carrier operation should be focused on for RedCap UEs
Proposal 10: Basic BWP operation, i.e. UE feature 6-1 should be the baseline assumption for RedCap UEs.  
Observation 4:  The tradeoff between economics of scale and cost/power efficiency should be carefully considered when defining the RedCap UE categories or types. 
Proposal 11: Consider to define two RedCap UE categories or types as shown in Table 4 to cover low and high data rate use cases.
Table 4: two Device types/ categories for RedCap
	Device type/ category
	Use cases
	Peak data rate
	Rx/Tx antenna
	Bandwidth
	Battery life

	1
	Industrial sensors, economic video, low-end wearable
	DL and UL: 5~10Mbps
	1Rx/1Tx
	10~20MHz
	few years for Industrial sensors;
1-2 weeks for low-end wearables

	2
	High-end video Surveillance, high-end wearable
	DL and UL: 50-150Mbps
	1Rx, 2Rx, 1Tx
	20MHz and above
	Several days for high-end wearable
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Appedix 1: RedCap SID objective
The study item includes the following objectives:
Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 

Note1: The work defined above should not overlap with LPWA use cases. The lowest capability considered should be no less than an LTE Category 1bis modem.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87.
Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity


Appedix 2: RedCap use case and capability scope
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