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Introduction
In RAN #86, a new SI [1] for reduced capability NR devices was approved. The focus of this SI include the following:
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).
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]
It is seen that the goal of PDCCH monitoring reduction is to save the power by reducing the BDs and CCE limits. Therefore, how to evaluate the power consumption can be an important factor. Additionally, reducing the BDs or CCEs would cause higher UE blocking probability, therefore, how to evaluate the UE blocking probability by reducing the BDs and CCEs can also be discussed. In this document, the power saving model related and evaluation of reducing BDs and CCEs related are discussed.
Discussions
PDCCH monitoring reduction
 General principle
For different use cases, the latency requirement and battery lifetime is different. For the low latency scenario, the requirements for blind decoding and CCE limits can be relaxed, because successful decoding for PDCCH is delay tolerant in this case. For example, for video surveillance scenario with the latency requirement of 500 ms, the BDs and CCE limits can be reduced. If the latency requirement is strict, reducing BDs or CCE limits can cause higher UE blocking probability and longer latency. Therefore, the BD and CCE can be configured different for various latency requirement.
Additionally, in legacy NR system, different DCI sizes are used for better adaptation for the diverse UE capabilities and functions. However, for the NR RedCap UE, the capabilities and functions would be reduced compared with the legacy NR UE. Therefore it is possible to reduce the total number of different DCIs size. 
Reducing the PDCCH monitor could also bring some unintended consequences, for example, the increase of blocking probability. Some further analysis will be given in the later section.
Proposal 1: The following should be considered when studying PDCCH monitoring reduction
· Different latency requirement and power consumption requirement of the use case
· Reducing the total number of different DCI sizes
· Unintended consequences, such as the increase of blocking probabilities.
 UE blocking probability consideration
According to the SI demand, reducing BDs or CCE limits are the main methods to reduce power consumption, however, they also would cause higher UE blocking probability. Generally, the less BDs or CCEs, the more power saving and the higher UE blocking probability. More power saving is needed but not the higher UE blocking probability. For example, for the subcarrier spacing set as 15 kHz, the maximum blind decoding number is limited to 44 and the maximum CCEs number is limited to 56. Assume that the corresponding UE blocking probability is X, reducing the BDs by half may save 15% power for PDCCH-only. However, if the UE blocking probability turns to 100% from X, it is also unacceptable. Therefore, the UE blocking probability tolerance should be specified, which can lead to find the final BDs limits. 
Introducing delay tolerance for PDCCH monitoring may help reduce the UE blocking probability, since it optimizes the candidate combination. Assume that there are 10 UEs in each slot, the CCEs number are 32 and the delay tolerance can be extended to 2 slots. The understanding about delay tolerance for PDCCH monitoring can be shown in Figure 1.
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Figure 1. Delay tolerant for PDCCH monitoring
Case 1: without delay tolerance, the UE blocking is counted based on one slot. e.g., in the figure, 10 UEs are monitoring each slot within 32 CCEs . In order to avoid blocking, UE needs to decode the PDCCH successfully in one slot.
Case 2: with delay tolerance, the UE blocking is counted based on multiple slots. e.g., in the figure, 20 UEs are monitoring 2 slots (delay tolerance) within 64 CCEs. More specifically, UE only needs to decode PDCCH successfully within tolerant time(2 slots), instead of a slot.
Each UE has the same averaged CCEs number. For case 1, 10 UEs should be monitoring in one slot. If the CCE resource is not enough in one slot, there would be blocked. For case 2 with the delay tolerance, if the CCE resource is not enough in the first slot, the UE can be delayed to decode in the next slot. The worst performance of case 2 is the same as case 1, because UEs can be just kept monitoring as the same as case 1. Therefore, how to manage these UEs or how to obtain the optimized candidate combination based on delay tolerance should be studied to reduce the UE blocking probability.
Proposal 2: Different delay tolerance should be taken into consideration when evaluating UE blocking probability.
With the given delay tolerance value, the simulation should be executed to compare the UE blocking probability with considering reducing the BD, CCE number. According to the NR spec description, the aggregation level for USS can be configured as {1, 2, 4, 8, 16} and the corresponding candidates can be configured as {n0, n1, n2, n3, n4, n5, n6, n8}. These parameters may have an important impact on the UE blocking probability performance. Moreover, the aggregation level distributions, for example 40%, 30%, 15%, 10% and 5% for aggregation levels 1, 2, 4, 8 and 16 respectively, are also important and should be considered. 
In order to evaluate the UE blocking performance by reducing the BDs and CCE limits, the above parameters should be assumed. Therefore, we have the proposal
Proposal 3: USS aggregation level, PDCCH candidates and aggregation level distributions are important factors for evaluation of blocking probability. 
Power saving evaluation
 Evaluation methodology 
Use cases for reduced capability UEs, including industrial wireless sensors, video surveillance and wearables, are listed in the SI document. First of all, it needs further study if the support is for all FR1/FR2 bands for FDD and TDD. Besides, the evaluation methodology and related metrics are also needed to be investigated.
1) Power saving gain
Obviously, this is the most important metric. In the discussion for Rel-16 power saving, the operating states of the power model for NR UE includes Deep Sleep, Light Sleep, Micro sleep, PDCCH-only, SSB or CSI-RS proc, PDCCH + PDSCH, UL.
During the deep sleep state, most of the functions are off and some basic processing units like clock is in service. During light sleep, some of the baseband processing units are off. Compared with deep sleep, it is much easier to enter into and exit from light sleep state. It consumes a comparable low power and is beneficial for UE to dwell. For the macro sleep, immediate transition is assumed for power saving study purpose from or to a non-sleep state. Reducing BDs or CCEs may have a little impact on the power consumption of the above three working states.
PDCCH-only is the state that UE decodes PDCCH in RRC_CONNECTED mode without data grant. It is observed in [5] that PDCCH-only state contributes more than half of the power consumption in LTE CDRX due to its large proportion in time scale. For PDCCH+PDSCH, the corresponding PDCCH reception and processing, reference signal processing are included in the state of PDSCH reception. The PDSCH reception in a certain unit (e.g. 1 ms) is the largest power consumer.
[bookmark: OLE_LINK3]For SSB or CSI-RS proc, SSB can be used for fine time-frequency sync and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. Besides, for UL transmission, the MIMO related procedure, like the CSI reporting, SRS and other reference signal processing, contributes a significant power consumption proportion. Therefore, the UL transmission state should account the corresponding PDCCH reception and processing, uplink data transmission and MIMO related procedure, like the CSI reporting and SRS.
For NR RedCap UE, the above operating states can also be considered. Considering that reducing BDs and CCEs are related to the PDCCH, the main operating states of the power model should count the PDCCH-only and PDCCH related procedure. Based on the power consumption model for R16 power saving, it can be reused for the evaluation for NR RedCap UE. 
Proposal 4: The power consumption model for R16 power saving can be the basis for NR RedCap UE and it is proposed to include both the PDCCH-only and PDCCH related at least as the representative operating states in the power model.
2) Impact on existing network and UE
The power saving techniques should be backward compatible. For example, reducing the DCI format types with different size can be a method to reduce BDs. However, for CORESET #0, the back compatibility should be considered. Besides, the influences on the existing network and UE, such as latency, complexity, system overhead and so on, need to be considered when we design a power saving technique.
.1.1.1  Power consumption evaluation model
1) For PDCCH-only
There were some contributions done for reducing BDs to saving the power consumption in Rel-16 and the investigation results are described in [2]. For PDCCH-only operating state, UE power consumption model by the number of PDCCH blind decoding can be evaluated by a formula, which is shown in the following.
Power scaling scheme for PDCCH candidates processing reduction:
-	Scaling for the power reduction due to PDCCH candidates processing (e.g. AL/CCE/BD) reduction is modelled solely based on its effect on micro sleep portion of the PDCCH-only slot
-	The UE power scheme should include the portion of PDCCH processing time reduction in accordance to PDCCH candidates (e.g. AL/CCE/BD) reduction
-	Note: In the reference configuration, the first two symbols are PDCCH symbols
-	For power scaling for PDCCH candidate reduction (for same slot scheduling only):
	P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt   (1)
-	where α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0). Pt is the PDCCH-only power for same-slot scheduling.
The UE power saving evaluation can be executed by the formula P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt, therefore, it is easy to obtain P(α) /Pt= α + (1 – α) ∙ 0.7. for the case α=0.5, which means PDCCH candidates are reduced by half, the power consumption can be saved by 1-P(α) /Pt=15%. If the ratio α is close to 0, the result P(α) /Pt is close to 0.7, which means that the maximum power saving is no more than 30%. For NR RedCap UE, the formula is can be used for the evaluation for PDCCH-only case. Considering the cross-slot, bandwidth for NR RedCap UE and other parameters, the formula may need some modifications. 
Proposal 5: For PDCCH-only, the power saving model can be based on the formula in equation 1.
2) Scaling scheme
UE power consumption scaling for adaptation was given as a table in [2] for Rel-16 power saving. For NR RedCap UE, it seems that the table can be applicable for most cases. Some critical scaling scheme about BWP bandwidth, antenna number, CA, can be reused. However, we should notice that some cases are not defined in R16, e.g., 2Tx support is not considered for FR2. If it needs to be considered, then the scaling scheme should be discussed.
According to the Rel-16 model, power of cross-slot scheduling for PDCCH-only is 0.7x same-slot scheduling, 2Rx power is 0.7x 4Rx power for FR1 for antenna reduction, and there would be a power scaling factor for BWP reduction. We are not sure whether this model is true or not if we multiply these scaling factors. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK37][bookmark: OLE_LINK21]Proposal 6: The scaling scheme based on Rel-16 power saving should be specified for NR RedCap UE.  
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for MTC. We make the following observations and proposals:
Proposal 1: The following should be considered when studying PDCCH monitoring reduction
· Different latency requirement and power consumption requirement of the use cases
· Reducing the total number of different DCI sizes
· Unintended consequences, such as the increase of blocking probabilities.
Proposal 2: Different delay tolerance should be taken into consideration when evaluating UE blocking probability.
Proposal 3: USS aggregation level, PDCCH candidates and aggregation level distributions are important factors for evaluation of blocking probability. 
Proposal 4: The power consumption model for R16 power saving can be the basis for evaluation for NR RedCap UE and it is proposed to include both the PDCCH-only and PDCCH related at least as the representative operating states in the power model.
Proposal 5: For PDCCH-only, the power saving model can be based on the formula in equation 1.
Proposal 6: The scaling scheme based on Rel-16 power saving should be specified for NR RedCap UE.  
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