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[bookmark: _Toc22234469]Introduction
In RAN#86 meeting, new SI [1] on support of reduced capability NR devices was agreed. The use cases for reduced capability NR devices cover various 5G connectivity potentials from industry domain to consumer market. 
In this contribution, we provide our analysis on the requirements of the use cases, which leads to UE complexity reduction features. In additional, our views on the simulation assumption and methodology are also presented. 
The generic requirements for reduced capability and objectives of this study item are attached in the appendix, which is cited from the RedCap SID [1].
Discussion on requirements of the use cases and potential UE complexity reduction features
On the use cases
Industrial wireless sensors
Reference use cases and requirements are described in TR 22.832 and TS 22.104:
	Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)


The above-mentioned availability means the communication reliability. The realistic condition for the evaluation needs to be agreed because depending on the resource load status, the traffic arrival rate, served number of UEs and available bandwidth, 99.99% can be too easy or just impossible. If resource is sufficiently available, for the case of end-to-end latency requirement of 100 ms, HARQ with more retransmissions would achieve the requirement. On the other hand, for the case of lower latency of 5-10 ms in the safety related sensors, repetition would be more promising technique to achieve the requirement. To use lower MCS levels in the low bit rate (less than 2 Mbps) requirement condition would contribute to satisfy the reliability requirement with reduced complexity.
[bookmark: IWS_repetition]Proposal 1: For industrial wireless sensor scenarios, two major new types of UEs can be identified for clearer UE categorization, which are general wireless sensors and safety related sensors. To achieve service availability of 99.99%, 
· For general wireless sensors, HARQ is baseline.
· For safety related sensors, repetition is baseline. 
In spite of the high requirement of service availability/reliability, the DCI for DL/UL scheduling should meet even higher reliability requirement, especially for safety related sensors use case. The latency budget does not provide much room for DCI misdetection. Thus, the DCI format 0_2/1_2 would be a suitable candidate for UE specific search space as the fields are flexibly configured and can have smaller size than fallback DCI formats. Then the DCI reception reliability can be further enhanced. 
[bookmark: IWS_DCI]Proposal 2: For PDCCH reliability and flexibility in industry wireless sensor scenarios, DCI format 0_2/1_2 can be considered.
Besides the service availability/reliability, particular for safety related sensors, it is reasonable to assume the packet size is extremely small which only includes urgent alerts. Furthermore, if the latency requirement includes SR/BSR and/or RACH procedure to transmit data from UE, the latency requirement for safety related sensors is still challenging compared with regular eMBB. Therefore, depending on how often the packet arrives, in order to satisfy the latency and longer battery life, long DRX with small data enhancement (including 2-step RACH) in RRC_INACTIVE is necessary. Moreover, the bandwidth reduction should also be considered to fit the traffic packet size.
[bookmark: IWS_smalldata]Proposal 3: For industry wireless sensor scenario, small data enhancement including 2-step RACH could be considered for reduced capability UEs. Also, the bandwidth reduction should be considered to fit the traffic packet size.
In addition, to achieve few years battery life, power saving enhancement should have synergy with this SI.
[bookmark: IWS_powers]Proposal 4: Power saving related enhancement should be considered for industry wireless sensor scenario.
Video Surveillance
	Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.


For video surveillance case, we assume mostly the traffic pattern is dominated by UL transmissions. In terms of throughput, the DL signalling and OTA firmware update are not in a comparable level to video traffic. Due to the nature of the live video, it is reasonable to characterize the (UL) traffic with certain number of parameter sets of packet size and arrival periodicity. DL command may trigger or stop the packet generation/transmission.
[bookmark: video_packet_size]Proposal 5: For video surveillance scenario, a number of parameter sets of packet size and arrival periodicity can be used to characterize the UL periodic traffic model:
· Reference economic video: If the packet arrival periodicity is T ms, the packet size (potential size of MAC PDU or TBS) could be [2,4] Kbits * T.
· High-end video: Similar with the above case, if the packet arrival periodicity is T ms, the packet size could be around [7.5, 25] Kbits * T.
As the traffic arrival rate is nearly constant and data rate is stable, it is well supported by CG (Configured Grant). Even if the channel condition change in spite of stationary scenario, CG can also support MCS switching between CG configurations. For this traffic type, configuring suitable BWP to cover the required data rate and employing CG to reduce control overhead and relaxing PDCCH monitoring/processing timeline are a reasonable option.
[bookmark: video_BWP_CG]Proposal 6: For video surveillance scenario, BWP framework and CG should be considered to support the service.
Considering the surveillance cameras are likely to be deployed with fixed locations,
[bookmark: video_mobility]Proposal 7: For video surveillance scenario, the assumed UE mobility level could be low or even stationary. Thus, RRM relaxation could be considered.
Wearables
	Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).


The relaxed data rate is the main characteristic. The peak bit rate is comparable with LTE/LTE-A. The power saving enhancement is also important to enable battery of the device last multiple days. In our understanding, it is necessary to agree on some application specific traffic model to evaluate the how the battery life can be extended to 1-2 weeks.
[bookmark: wearable_battery]Proposal 8: Power saving enhancement should be considered for wearable use case. To investigate how the battery life of the device can be extended to 1-2 weeks, traffic model and battery life calculation methodology should be agreed.
[bookmark: _Hlk40181149]On the potential UE complexity reduction features
In the objectives of the SID [1], potential UE complexity reduction features may include:
	· 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 


Power saving is also an important aspect, which potentially could be enhanced in below area:
	· 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]


We provide our view on the above complexity reduction features. Note that power saving aspects by reduced PDCCH monitoring is discussed in [2].
Number of UE RX/TX antennas and layers
In Rel-15/16, depending on the bands, either 2 or 4 RX antenna port is mandated for a UE. If the number of antennas is reduced, the cost saving of RF chain is expected thanks to reduction of both RF and baseband processing. Furthermore, it also has the merit from the perspective of the form factor. On the other hand, the reduction of antenna has the following degradations:
· Peak data-rate limitation: A UE needs the antenna ports numbers no smaller than the number of layers required for the target data rate. If the number of antenna ports is reduced, the peak data-rate becomes restrictive.
· DL Coverage reduction: A UE can utilize soft-combining by multiple antenna elements in low SINR situation. If the number of antenna elements is reduced, the cell-edge UE more likely fails to receive the DL signals in DL coverage limited scenario. However, the coverage recovery technique discussed in AI 8.3.3 may be utilized. This is especially important for common channels e.g. for SIBs, paging and random access procedure.
Above trade-off should be evaluated dependent on the target use cases as the trade-off point is different depending on the use cases. 
[bookmark: feature_ant]Proposal 9: Number of antennas and transmission layers for a RedCap UE should be determined with taking the following points into account, which could depend on the use case scenarios:
· Peak data-rate requirement
· DL coverage (which may be recovered by the coverage recovery technique discussed in AI 8.3.3)
UE bandwidth reduction
According to Rel-15/16 TS 38.101-1, 15 MHz or wider BW is supported by a legacy NR UE depending on NR bands in FR1, and 200 MHz in FR2. In RedCap, the cost savings by reducing BW is expected because of relaxed RF requirement (amplifier and AD/DA converter) and reduced baseband processing. However, it should be noted that achievable data-rate is affected by BW reduction. Besides, it is essential that a RedCap UE is able to receive initial access signals within the supported BW.
One discussion point is whether a RedCap UE reuses the legacy initial access channels. In Rel-15, SSB and type0-PDCCH occupies 20 RB and 24/48/96 RBs depending on configuration, respectively. Therefore, the UE BW needs to be 96 RBs or larger to operate under any Rel-15 configurations. Furthermore, if the UE needs to simultaneously receive FDMed PDCCH/PDSCH and SSB in FR2 (i.e. SS/PBCH block and CORESET multiplexing pattern is 2 or 3), the required UE BW is even larger.
If a RedCap UE supports larger BW than legacy initial access signals, to reuse the legacy signals is straight-forward. On the other hand, if supported BW is smaller than the legacy channels, some enhancement on those channels are required. The separate transmission dedicated for a RedCap UE apart from these legacy channels would consume more radio resources and decrease the efficiency. Note that if LTE-M and NB-IoT is operated co-existing within NR band for mMTC deployment, constant overhead for the common channels (e.g. NB-SS, NB-PBCH) is already imposed. Therefore, the balance among cost-savings, standardization effort and network resource overhead will be the points for the discussion whether to reuse the legacy channel, and should be studied for each use case.
[bookmark: feature_BW]Proposal 10: Supported BW for each RedCap UE use case should be determined with taking the following points into account:
· Data-rate requirement
· Whether a RedCap UE reuse the legacy initial access channels (e.g. SSB and type0-PDCCH)
Half duplex FDD
UE cost reduction would be expected by half duplex FDD because some RF parts can be omitted. In addition, power saving would also be possible to some extent [TR36.888]. Considering the switching time between reception to transmission and transmission to reception, operational restriction may be needed. However, large specification change would not be necessary from RAN1 perspective as NR symbol-level DL/UL assignment has the flexibility to enable half duplex FDD operation. In order to allow half duplex FDD, some scheduler restriction assumed by UE may be required to be specified. 
[bookmark: feature_FDD]Observation 1: Half duplex FDD would be useful for cost reduction and can be supported. 
UE processing time
UE cost reduction would be possible by relaxing UE processing time because it allows to implement lower clock operation or to share the same hardware among multiple functions. Although this would cause a delay of HARQ feedback timing, it would be acceptable depending on the use case scenario. Because HARQ feedback timing can be flexibly configured in NR, to specify UE assumption on scheduler restriction may be sufficient.
[bookmark: feature_time]Observation 2: Relaxing UE processing time can be considered for each UE type. 
UE processing capability
UE cost reduction might be possible by relaxing UE processing capability. PDSCH/PUSCH data processing and PDCCH blind decoding would be related to UE processing capability. Among them, restriction of the PDSCH/PUSCH data size would contribute to the cost reduction because cost reduction would largely come from memory reduction.  Note that reduction of PDCCH blind decoding may be useful for power saving as discussed in [2]. 
The maximum TBS (or MAC PDU) size to be supported would depend on use case scenario (i.e. UE type) as discussed in section 2.1.  The maximum TBS should be discussed for each UE type.
[bookmark: feature_TBS]Proposal 11: The maximum TBS should be discussed for each UE type
[bookmark: _Hlk40181160]How to proceed evaluation on reduced antenna/BW
As discussed in section 2.2, the discussion on UE antenna/BW reduction should take the performance of data-rate and coverage into account. Therefore, the evaluation on those performance with the reduced features is necessary. In addition, in order to avoid more than necessary requirement on the complexity, traffic load for each RedCap use-case needs to be taken into account to the determination of required SINR. We propose following method.
1. [bookmark: _Hlk40448662]Agree on simulation assumption on the deployment for each use-case. Deployment scenarios, carrier frequency, SCS, mobility, traffic load etc should be determined for each identified use-cases. For example, stationary or low mobility can only be assumed for industrial sensors and video surveillance while more mobility (as smartphones) may also be assumed for wearables.
2. Determine target BLER at the cell-edge UE 
· Industrial sensors and video surveillance: use “availability” or “reliability” in the SID as the target residual BLER. The number of HARQ retransmission should also be determined based on the latency requirement.
· Wearables: the target BLER should be agreed. One possible assumption is that initial BLER is 10% as Rel-15 eMBB.
3. Obtain cell-edge SINR (e.g. 5%-tail SINR) by system level simulation with different deployment, cell layout and traffic types/load. The parameters on the simulation should be chosen such that Rel.15 capable UEs satisfy the service requirement of RedCap. It intends to avoid an excessively severe situation where even Rel-15 UE does not achieve the service requirement.
4. Conduct link-level simulation to evaluate BLER vs. SINR on various settings of antenna/BW/MCS which fulfil the cell-edge SINR and the target data rate. 
[bookmark: sim]Proposal 12: Target SINR should be defined based on SLS with realistic deployment scenarios. Required SINR should be evaluated by LLS with an appropriate setting considering reliability requirement, data rate requirement and features to be reduced. 
Conclusion
For industrial wireless sensors:
Proposal 1: For industrial wireless sensor scenarios, two major new types of UEs can be identified for clearer UE categorization, which are general wireless sensors and safety related sensors. To achieve service availability of 99.99%, 
· For general wireless sensors, HARQ is baseline.
· For safety related sensors, repetition is baseline. 
Proposal 2: For PDCCH reliability and flexibility in industry wireless sensor scenarios, DCI format 0_2/1_2 can be considered.
Proposal 3: For industry wireless sensor scenario, small data enhancement including 2-step RACH could be considered for reduced capability UEs. Also, the bandwidth reduction should be considered to fit the traffic packet size.
Proposal 4: Power saving related enhancement should be considered for industry wireless sensor scenario.
For video surveillance:
Proposal 5: For video surveillance scenario, a number of parameter sets of packet size and arrival periodicity can be used to characterize the UL periodic traffic model:
· Reference economic video: If the packet arrival periodicity is T ms, the packet size (potential size of MAC PDU or TBS) could be [2,4] Kbits * T.
· High-end video: Similar with the above case, if the packet arrival periodicity is T ms, the packet size could be around [7.5, 25] Kbits * T.
Proposal 6: For video surveillance scenario, BWP framework and CG should be considered to support the service.
Proposal 7: For video surveillance scenario, the assumed UE mobility level could be low or even stationary. Thus, RRM relaxation could be considered.
For wearables:
Proposal 8: Power saving enhancement should be considered for wearable use case. To investigate how the battery life of the device can be extended to 1-2 weeks, traffic model and battery life calculation methodology should be agreed.
For feature reduction:
Proposal 9: Number of antennas and transmission layers for a RedCap UE should be determined with taking the following points into account, which could depend on the use case scenarios:
· Peak data-rate requirement
· DL coverage (which may be recovered by the coverage recovery technique discussed in AI 8.3.3)
Proposal 10: Supported BW for each RedCap UE use case should be determined with taking the following points into account:
· Data-rate requirement
· Whether a RedCap UE reuse the legacy initial access channels (e.g. SSB and type0-PDCCH)
Observation 1: Half duplex FDD would be useful for cost reduction and can be supported. 
Observation 2: Relaxing UE processing time can be considered for each UE type. 
Proposal 11: The maximum TBS should be discussed for each UE type
For evaluation:
Proposal 12: Target SINR should be defined based on SLS with realistic deployment scenarios. Required SINR should be evaluated by LLS with an appropriate setting considering reliability requirement, data rate requirement and features to be reduced. 
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Appendix
New SID on support of reduced capability NR devices [1]
	Generic requirements:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.
Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TS 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 10-50 Mbps in DL and minimum 5 Mbps in UL and peak bit rate of the device higher, 150 Mbps for downlink and 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).
The intention is to study a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases mentioned above

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.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity




