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Introduction
In RAN #101-e meeting [1], the following agreements about the simulation assumption have been achieved.
	Agreements Replace the agreement corresponding to Proposal 14 with the following: For evaluation of UE power saving, for wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time. Values are FFS.

	Agreements Replace the agreement corresponding to Proposal 15 with the following: For evaluation of UE power saving, for industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity [100 ms] should be considered (other values are not precluded encouraged).

	Agreements:
The evaluation of performance impacts includes at least peak data rate and, latency and reliability (as needed for the use cases). Other performance metrics such as power consumption, spectral efficiency and PDCCH blocking probability may also be considered if appropriate for a specific technique.


Based on the agreement, the simulation and analysis are discussed in this doc.
Discussions
Description of feature
The current spec [2] for the BDs and CCE limits are as following:
Table 10.1-2 provides the maximum number of monitored PDCCH candidates, , per slot for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



Table 10.1-3 provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a single serving cell.
CCEs for PDCCH candidates are non-overlapped if they correspond to
-	Different CORESET indexes, or 
-	Different first symbols for the reception of the respective PDCCH candidates.
Table 10.1-3: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32


 
For NR UE, there are a lot of DCI formats and functions. In order to limit the UE complexity, the maximum BDs and CCE number are limited as above tables. However, for REDCAP UE, especially for static sensors, their functions are relatively simple and single and the UE does not need the large BDs and CCE numbers. Based on this, in order to save more power and complexity, smaller numbers of blind decodes and CCE limits in some cases can be considered for REDCAP UE. More specifically, the method for reducing BDs and CCEs should obey the following principles:
1) Avoid to overlap with R17 Power saving work
2) Avoid to overlap with current NR function
3) New features without R16 PS evaluation deprioritized
Obviously, in order to avoid the duplication of work, the technical overlapping with R17 PS work and overlapping with current NR function for reducing PDCCH monitoring should be minimized. Additionally, for the new features without R16 PS evaluation, we need to discuss the detailed simulation assumption. Considering the conference procedure and limited time, the new features should be carefully taken. Considering the SID scope, we have the following proposal:
Proposal 1: Reducing maximum number of blind decodes and CCE limits in a slot should be prioritized.
Analysis of UE power saving
According to the agreement for Coverage enhancement in last meeting [1]
Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, [30kbps] (optional)
For DL simulation, we adopt the data rates 6Mbps (near to the average value) as the baseline, and the simulation assumption is shown as following:
Table 1. Simulation assumptions for wearables with FTP model3
	Model
	FTP model 3

	Packet size
	0.3 Mbytes

	Mean inter-arrival time
	400 ms

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms

	bandwidth
	20M

	Duration on
	Duration on =8ms


We have the simulation results:
Table 2. Simulation results for wearables with FTP model3
	Simulation scenario
	Power saving gain

	After reducing BDs half for PDCCH only cases
	10.54%

	After reducing BDs half for PDCCH only cases and PDCCH-PDSCH cases
	11.24%

	After reducing BDs to 0 for 50% PDCCH only cases 
	25.6%

	After reducing BDs to 0 for 50% PDCCH only cases and reducing BDs half for PDCCH-PDSCH cases
	32.45%



For industrial sensors, we have the following simulation assumption:
Table 3. Simulation assumptions for industrial sensors power saving
	Packet size
	64bytes

	Mean inter-arrival time
	100 ms

	DRX setting
	Period = 40 ms
Inactivity timer = 25 ms

	bandwidth
	20M

	Duration on 
	For FR1: 4ms
For FR2: 2ms


We have the simulation results:
Table 4. Simulation results for industrial sensors power saving
	Simulation scenario
	Power saving gain

	After reducing BDs half for PDCCH only cases
	9.21%

	After reducing BDs to 0 for 50% PDCCH only cases 
	19.4%

	After reducing BDs to 0 for 50% PDCCH only cases and reducing BDs half for left 50% PDCCH only cases
	24.2%

	After reducing BDs to 0 for all the PDCCH only cases
	44.6%


Observation 1: Reducing BDs can provide significant power saving gain.
Analysis of performance impacts
Considering the UE blocking probability, the simulation assumption is shown as following:
Table 5. Simulation assumptions for UE blocking probability
	Simulation assumption
	configuration

	AL
	{1,2,4,8}

	Candidates
	{6,6,2,2}

	probability
	{0.4,0.3,0.2,0.1}

	CCE number
	32

	Case1: Reduced candidates
	AL={1,2,4,8},candidates={3,3,1,1}

	Case 2:Reduced candidates
	AL={1,4},candidates={6,2}

	Delay tolerance
	2 slots



Simulation result for reducing the BDs is shown as following:
[image: 6]
Figure 1. UE blocking probability of introducing BDs reduction for case1 and case2, and delay tolerance
In the above figure:
Case1.1: legacy-reduced BDs. It means the BDs reduction of case1 is considered in the simulation.
Case1.2: delay tolerance and reduced BDs. It means both the delay tolerance equal to 2 slots and BDs reduction of case1 are considered in the simulation.
Case2.1: introduce reduced BDs. It means the BDs reduction of case2 is considered in the simulation.
Case2.2: delay tolerance and reduced BDs. It means both the delay tolerance equal to 2 slots and BDs reduction of case2 are considered in the simulation.
Additionally, the delay tolerance can be described as following:
[image: 捕获22]
Figure 2. Delay tolerance equal 2 slots 10 UEs should be scheduled in a slot
In a slot, there are 10 UEs needed to be scheduled. However, in slot n, CCE number is not enough for UE10, then UE10 would be scheduled in slot n+1. In another words, 11 UEs are expected to be scheduled in slot n+1. UE blocking would never happen in slot n and it may happen in slot n+1. Based on delay tolerance equal to 2 slots, the first slot would never be marked as ‘blocked’ and the second slot may be marked as ‘blocked’ if the PDCCH resource is not enough.
The detailed simulation results can be described in the following table
Table 6. UE blocking probability for UE number =10, delay tolerance=2slots
	Simulation scenario
	UE blocking probability

	Legacy 
	0.129

	After introducing the delay tolerance=2 slots
	-33.42%

	After reducing BDs of case1
	+51.91%

	After reducing BDs of case1 and introducing delay tolerance=2slots
	9.64%

	After reducing BDs of case2
	8.88%

	After reducing BDs of case2 and introducing delay tolerance=2slots
	-59.04%


Based on the figure 2 and simulation results, we have the following analysis. Due to the delay tolerance, the blocked UE in the first slot can be scheduled again in the second slot, which brings the lower UE blocking probability. Obviously, the longer delay tolerance brings more chances for the blocked UE, which may lead to lower UE blocking probability. Additionally, if the BDs is reduced by reducing the candidates without reducing the number of ALs, less PDCCH candidates for the UE causes the limited CCE position and higher UE blocking probability. However, if the BDs is reduced by reducing the ALs without reducing candidates (for an AL, the corresponding candidates are the same), the UE blocking probability depends on the specific ALs. For example, the AL={1,2,4,8} with candidates{6,6,1,1} turns to the AL=1 with candidates{6},the UE blocking probability may not increase since the UE occupies less CCEs. Therefore, based on delay tolerance and reduced BDs of removing ALs, the power is saved the most.
Based on the simulation results we have the following observations:
Observation 2: UE blocking probability increase depends on the specific method used for BD reduction
Observation 3: Delay tolerance brings the UE blocking probability reduction.
[bookmark: _GoBack]Proposal 2: Consider introducing more delay tolerance and focusing on methods of BDs reduction which are less likely to cause higher UE blocking probability.
Analysis of coexistence with legacy UEs
The coexistence issue with legacy UEs depends on the BDs and CCEs reduction for RedCap UE.
On one hand, if the RedCap UE has the same BDs and CCEs limits with NR UE, obviously, the REDCAP UEs co-exist with the NR UEs by the same way.
On other hand, if the REDCAP UE has less BDs and CCEs limits, the coexistence depends on how to reduce the BDs and CCEs. Assuming that half of the total UEs are the NR UE and the simulation assumption is similar with subclause 2.3. We have the following simulation to study the coexistence with legacy UEs
[image: 4]
Figure 3. UE blocking probability for UE coexistence
For case1: half UEs are the REDCAP UE with reducing candidates, e.g., AL={1,2,4,8} and candidates={6,6,2,2} turns to AL={1,2,4,8} and candidates={3,3,1,1}
For case2: half UEs are the REDCAP UE with removing some ALs,e.g., AL={1,2,4,8} to AL={1,4}
For case3: all the UEs are the NR UE.
Based on the simulation results, we have the following observations:
Observation 4: Without reducing aggregation level the UE blocking probability increases if the candidates are reduced.
Observation 5: Without reducing candidates, the UE blocking probability decreases if aggregation level are reduced.
Additionally, for the REDCAP UE and NR UE, the PDSCH for massive data transmission probably scheduled by PDCCH is based on the UE specific searchspace. The gNB is able to configure the REDCAPUE USS and NR UE USS on the different time domain or frequency domain locations to avoid the coexistence impacts by deducing BD and CCE limits. 
Observation 6: The coexistence impacts from deducing BD and CCE limits can be mitigated by gNB configuration.
Analysis of specification impacts
From the perspective of UE capability, it is seen that less BDs and CCEs in a slot leads to relaxation for the UE processing PDCCH. Therefore, different UE capability may correspond to different BDs and CCEs limits. For example, for low-end UE with lower capability the BDs and CCEs limits can be reduced further. For high-end UE with higher capability, the BDs and CCEs can be kept as the same with legacy.
From the perspective of channel variations, in order to provide the reliable transmission, the gNB usually configures large number of ALs for different channel cases. However, for the stationary UEs, the channel changes slowly. When UE decodes the first slot with an AL, the AL can be applied for multiple slots in time domain with the relatively static channel. Therefore, for stationary UE, the BDs and CCEs can be limited to be small due to the relatively static AL for given period of time.
From the perspective of UE, the search space configuration determines the slots that UE needs to monitor. For a slot index, the UE knows how many search space should be monitored in that slot, it even knows the CORESET number, search space type or other information. If a slot is configured with a large number of search spaces, it may need large blind decoding number, since there are probably lots of PDCCHs needed to be scheduled. If a slot is configured with one search space, obviously, the BDs and CCEs limits can be reduced to save power consumption. As for the CORESET, it is similar with searchspace. Additionally, the search space type includes CSS and USS. If a CSS need to be monitored by a UE in a slot, e.g., type 0 CSS, obviously, the BDs and CCEs for CSS should be provided at least. As for the USS, further BD and CCE limits can be considered to save power consumption. Therefore, BDs and CCEs reduction can be considered based on searchspace and CORESET.
From the perspective of gNB, on one hand, the slots monitored by a UE is determined by the searchspace configuration, and gNB knows how many searchspace should be monitored in a slot. On the other hand, how many UEs are monitoring a slot is known to the gNB. Based on this, if there are a lot of UEs monitoring the slot or a lot of searchspaces needed to be monitored by a UE, the BDs and CCEs limits in this slot can be the similar with the legacy. However, if there are few UEs monitoring the slot or few searchspaces needed to be monitored by a UE, the BDs and CCEs reduction in this slot is reasonable.
From the perspective of traffic type, especially for SPS scheduling, the traffic is scheduled with periodicity. In this case, most of the data will be transmitted by SPS scheduling, and other non-SPS scheduling would be reduced. Based on this, the PDCCH monitoring slots during the SPS scheduling are mainly used for retransmission and burst traffic with lower probability. Therefore, less BDs and CCEs limits during the SPS scheduling can be applied to save power consumption. Similarly, the CG-UL scheduling can be considered.
In order to save power, based on the above analysis, the specification impacts may depend on the method used for reducing BDs and CCEs. For example, the different UE capability depends on the high layer configuration, therefore, a semi-static configuration for reducing BDs and CCEs can be considered. Additionally, the specific AL for a period of time for stationary UEs can be indicated dynamically to adapt to varying channel condition. Therefore, the main methods for reducing BDs and CCEs may include the semi-static configuration and dynamic configuration. 
Obviously, the semi-static configuration may have an impact on the RRC parameters and the dynamic configuration may involve the DCI design. Besides, both methods would have an impact on the UE behavior.   
Observation 7: BD and CCE limits reduction may have impacts on UE behavior, DCI design and RRC configuration.
Proposal 3: Semi-static or dynamic configuration to reduce BD and CCE limits based on the different scenarios should be considered.
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for MTC. We make the following observations and proposals:
Observations:
Observation 1: Reducing BDs can provide significant power saving gain.
Observation 2: UE blocking probability increase depends on the specific method used for BD reduction
Observation 3: Delay tolerance brings the UE blocking probability reduction.
Observation 4: Without reducing aggregation level the UE blocking probability increases if the candidates are reduced.
Observation 5: Without reducing candidates, the UE blocking probability decreases if aggregation level are reduced.
Observation 6: The coexistence impacts from deducing BD and CCE limits can be mitigated by gNB configuration.
Observation 7: BD and CCE limits reduction may have impacts on UE behavior, DCI design and RRC configuration.

Proposals:
Proposal 1: Reducing maximum number of blind decodes and CCE limits in a slot should be prioritized.
Proposal 2: Consider introducing more delay tolerance and focusing on methods of BDs reduction which are less likely to cause higher UE blocking probability.
Proposal 3: Semi-static or dynamic configuration to reduce BD and CCE limits based on the different scenarios should be considered.
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