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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.


In RAN #102-e meeting [2], the following agreements about the simulation assumption have been achieved.
Agreements:
· Use the VoIP traffic model from TR 38.840 as baseline. Other VoIP traffic models are not precluded and companies to report if other VoIP traffic models are assumed in evaluation.
Agreements:
For power saving evaluation of RedCap UEs:
· Reuse the Instant message traffic model from TR 38.840 as baseline. Other Instant traffic models based on FTP model 3 are not precluded and companies to report the mean inter-arrival time and packet size if other instant traffic models are assumed in evaluation.
· FFS: ‘heartbeat’ traffic model 
Agreements: 
· The scaling factor ‘0.7’ is used for 2 Rx to 1Rx power scaling for power reduction related evaluation.
· For evaluation, the power scaling for PDCCH candidate reduction defined in TR 38.840 is reused for Redcap UEs.
· For power consumption evaluation, the DRX configurations of Instant message and VoIP in TR 38.840 are reused.
· Discussion on reduced maximum number of configurable CORESET technique for power saving is deprioritized in the Redcap power saving sub-agenda
· For power consumption evaluation, use FTP-3 model with 100 Bytes packet size and 60s mean inter-arrival time as baseline for ‘heartbeat’ traffic.
· For power consumption evaluation, reuse the following DRX configuration defined in TS 38.840 for ‘heartbeat’ traffic model:
· C-DRX cycle 640 msec, inactivity timer {200, 80} msec
· FR1 On duration: 10 msec
· FR2 On duration: 5 msec

Agreements: For the PDCCH blocking rate evaluation, at least the following parameters are assumed as baseline: 
	Parameters
	Assumptions

	Number of candidates for each AL
	Each company to report.

	SCS/BW  
	FR1: 30KHz/20MHz
· 15kHz/20MHz is optional
FR2: 120KHz/[100]MHz

	CORESET duration 
	2 symbols, with 3 symbols optional

	Delay toleration (Slot)
	1 (1: implies that PDCCH is blocked if it can’t be scheduled in the given slot), with 2 optional

	Aggregation level Distribution 
	Companies to report (including the necessary UE channel conditions and deployment scenario(s) for the aggregation level distribution)


Agreements: For Redcap power consumption evaluation:
· Note that 2RX is assumed
	Power State
	Alt.4a 

	Deep Sleep (PDS)
	0.8

	Light Sleep (PLS)
	18

	Micro sleep (PMS)
	31

	PDCCH-only (PPDCCH)
	50 for same-slot scheduling, 
40 for cross-slot scheduling

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	PDSCH-only (PPDSCH)
	112

	SSB/CSI-RS proc. (PSSB)
	50

	Intra-frequency RRM measurement (Pintra)
	·        [60]Note4 (synchronous case, N=8, measurement only)
·        [80] Note4 (combined measurement and search)

	Inter-frequency RRM measurement (Pinter)
	[60] Note4 (neighbor cell search power per freq. layer)
·       [15080] Note4 (measurement only per freq. layer)
·        Micro sleep power assumed for switch in/out a freq. layer



Working assumption:
Adopting the following rule for power determination
· Rule 1: ‘Micro sleep’ power of 1 Rx is [0.8]x2 Rx ‘Micro sleep’ power 
· Rule 2: For both 1 Rx and 2 Rx configuration, 
· P(α) = max (Micro-sleep, α ∙ Pt + (1 – α) ∙ 0.7Pt))
· Pt is the PDCCH-only power for same slot and cross-slot scheduling cases.
Conclusion: It is up to each company to report the power consumption modeling for 3-symbols CORESET configuration and reduced number of non-overlapped CCEs.   
Based on the agreements, the simulation and analysis on reduced PDCCH monitoring are discussed in this doc.
Description of feature
According to the current spec description, the BDs for a search space on each slot are the same. However, the number of UEs on a search space on each slot are different. The BDs can be reduced in a slot where few UEs are scheduled. Additionally, if the requirements for the BDs and CCEs are different in each time period, then the same BDs and CCEs would bring the power wasting. 
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Figure 1. Different traffics in different time periods
As shown in Figure 1, in the first time period, when traffic 1 is scheduled, only several ALs and corresponding candidates are used for UE detecting. However, in the second time period, there are different kinds of traffics or more UEs, which means higher UE blocking. More ALs and corresponding candidates are needed in the second time period to avoid the blocking. 
Similarly, since the channel condition is dynamically changing, when the channel condition is good, the high aggregation levels can be reduced, and when the channel condition is bad, the low aggregation levels can be reduced. However, for the UEs in the first time period and second time period, the aggregation levels should be the same when UE detect a PDCCH in each slot. 
Considering the different number of UEs in a slot, number of traffics, and the channel condition changes, for the gNB, in order to provide the best performance all the time, all the ALs and increased number of candidates may be configured for UE detecting. In this case, for the case of less UEs, less traffics or a stable channel in a time period, the power wasting would be caused due to the semi-static AL and corresponding candidates’ configuration.
Observation 1: Different number of UEs in a slot, number of traffics, and the channel condition changes require different aggregation levels and corresponding candidates.
Additionally, the number of BDs in a slot is actually determined by number of DCI sizes, AL and PDCCH candidates for the AL. Besides the AL and PDCCH candidates for the AL as mentioned above, the number of DCI sizes can also be considered to reduce the BDs. According to the current specification, the total number of different DCI sizes configured to monitor is no more than 4 for the cell and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell. 
On one hand, as the capabilities and functions are reduced for RedCap UE, the redundancy function with a DCI format or indicated in the DCI can be removed. For example, for the industrial sensors, there are no need to support the eMBB traffic and many functions are not needed. For the delay tolerant Users, the URLLC traffic is unnecessary. That means the corresponding DCI formats does not need to be supported or the corresponding DCI fields can be simplified.
On the other hand, reduction of the number of DCI sizes causes the BDs reduction, which brings power saving. Also, when the number of DCI sizes is reduced, the UE blocking issue would not be caused if the total PDCCH candidates in a slot is no more than the limit value (e.g., 44).
Based on this, reduced total number of different DCI sizes and total number of different DCI sizes with C-RNTI can be further studied.
Observation 2: RedCap UE with reduced functions requires the reduced total number of DCI sizes to save power.
Furthermore, with the reduction of DCI sizes, AL and PDCCH candidates for the AL, the maximum number of monitored PDCCH candidates and CCEs need to be reduced accordingly. According to the current spec in TS38.213,
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


Observation 3: With the reduction of DCI sizes, ALs and PDCCH candidates for the AL, the maximum number of monitored PDCCH candidates and non-overlapped CCEs need to be reduced accordingly.
Evaluation
Power saving of BD reduction
Instant message
The simulation assumption for instant message is shown as following
Table 1. Simulation assumption for instant message
	Instant messaging

	FTP model 3

	0.1 Mbytes

	2 sec

	Period = 320 ms
Inactivity timer = 80 ms
FR1 On duration: 10 msec


We have the following results of power saving gain at approximately 25% reduction and 50% reduction in BDs for instant message traffic model.
Table 2. Power saving gain for instant message at approximately 25% and 50% BDs reduction
	
	25% reduction
	50% reduction

	For FR1
	4.27%
	8.53%

	For FR2
	6.67%
	13.35%


Observation 4: For instant message, power saving gain at approximately 25%~50% BD reduction is 4.27%~13.35.
Heartbeat 
The simulation assumption for heartbeat is shown as following
Table 3. Simulation assumption for heartbeat
	Hearbeat

	FTP model 3

	100 Bytes

	60 sec

	C-DRX cycle 640 msec
Inactivity timer {200} msec
FR1 On duration: 10 msec
FR2 On duration: 5 msec



[bookmark: _GoBack]We have the following results of power saving gain at approximately 25% reduction and 50% reduction in BDs for heartbeat traffic model.
Table 4. Power saving gain for heartbeat at approximately 25% and 50% BDs reduction
	
	25% reduction
	50% reduction

	For FR1
	5.37%
	10.74%

	For FR2
	5.4%
	10.81%


Observation 5: For heartbeat, power saving gain at approximately 25%~50% BD reduction is 5.37%~10.81%.
Industrial sensors
The evaluation of UE power saving, for industrial wireless sensor use cases, uses a traffic model based on the service performance requirements for the process monitoring use case in Table 5.2-2 of TS 22.104. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity of 100 ms should be considered (other values are encouraged).
In Table 4, we have the results of power saving gain at approximately 25% reduction and 50% reduction in BDs for industrial sensors traffic model.
Table 4. Power saving gain for industrial sensors at approximately 25% and 50% BDs reduction
	
	25% reduction
	50% reduction

	For FR1
	5.37%
	10.74%

	For FR2
	6.88%
	13.75%


Observation 6: For industrial sensor, power saving gain at approximately 25%~50% BD reduction is 5.37%~13.75%.
PDCCH blocking
We mainly have the following AL distribution configuration in simulation for reference.
· Configuration 1: [0.5, 0.4, 0.05, 0.03, 0.02], assuming majority of the UEs are in is good coverage
· Configuration 2: [0.1, 0.2, 0.4, 0.2, 0.1], Majority of the UEs are in medium coverage
In the simulation, the CCE number 32 with 2 symbols and 20MHz for FR1 is assumed.
BD reduction
Simulation for configuration 1
If UE is in the good coverage, seems that configuration1 [0.5, 0.4, 0.05, 0.03, 0.02], can be used. Considering the total candidates is 20 for configuration 1 and it would be an integer after 25% and 50% reduction, the number of candidates is assumed as [8, 6, 2, 2, 2]. After the BD reduction, the same total number of candidates would be kept, more specifically,
After 25% BD reduction (15 candidates in total), the candidates number is [6, 5, 2, 1, 1], [7, 5, 1, 1, 1], [5, 4, 2, 2, 2] and [4, 6, 2, 2, 1]
After 50% BD reduction (10 candidates in total), the candidates number is [4, 3, 1, 1, 1], [2, 5, 1, 1, 1],[2, 4, 2, 1, 1] and [3, 4, 1, 1, 1]
The simulation result for configuration 1 is shown in Figure 2.
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Figure 2. PDDCH blocking result for configuration 1 with 25% and 50% BDs reduction
According to Figure 2:
With the AL distribution [0.5, 0.4, 0.05, 0.03, 0.02] and corresponding candidates [8, 6, 2, 2, 2], for 8 UEs after BD reduction 25%, the blocking probability increase at least 47%     
With the AL distribution [0.5, 0.4, 0.05, 0.03, 0.02] and corresponding candidates [8, 6, 2, 2, 2], for 8 UEs after BD reduction 50%, the blocking probability increase at least 222%    
With the AL distribution [0.5, 0.4, 0.05, 0.03, 0.02] and corresponding candidates [8, 6, 2, 2, 2], for no more than 3 UEs after BD reduction 25%, the blocking probability is close to 0 and similar with the legacy.                           
Simulation for configuration 2
If UE is in the med coverage, configuration 2 [0.1, 0.2, 0.4, 0.2, 0.1] can be used. The number of candidates is assumed as [2, 4, 8, 4, 2]. The total candidates is 22. After the BD reduction, the total number of candidates would be kept, more specifically,
After 25% BD reduction (15 candidates in total), the candidates number is [1, 3, 7, 3, 1], [1, 1, 7, 4, 1], [1, 2, 6, 4, 2] and [2, 4, 7, 1, 1]
After 50% BD reduction (11 candidates in total), the candidates number is [1, 2, 4, 2, 1], [1, 1, 5, 2, 1],[1, 1, 4, 2, 2], and [2, 4, 2, 1, 1]
The simulation result for configuration 2 is shown in Figure 3.
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Figure 3. PDDCH blocking result for configuration 2 with 25% and 50% BDs reduction
According to Figure 3:
With the AL distribution [0.1, 0.2, 0.4, 0.2, 0.1] and corresponding candidates [2, 4, 8, 4, 2], for 8 UEs after BD reduction 25%, the blocking probability increase at least 3.57%. For small number of UEs, the performance is similar.     
With the AL distribution [0.1, 0.2, 0.4, 0.2, 0.1] and corresponding candidates [2, 4, 8, 4, 2], for 8 UEs after BD reduction 50%, the blocking probability increase at least 34.56%.  
Analysis and observations
For the configuration1 with good coverage, the legacy PDCCH blocking probability is extremely good. Therefore, the BDs reduction has a sensitive impact on the UE blocking. However, it is noted that, when the number of UE is no more than 3, after BD reduction 25%, the blocking probability for [8, 6, 2, 2, 2] and [7, 5, 1, 1, 1] is similar. A non-sensitive impact on the UE blocking can be expected if the UE number is low. For the configuration 2 with med coverage, the legacy PDCCH blocking probability is high. Therefore, the BDs reduction impact on the UE blocking is not sensitive. Therefore, we have an observation based on this:
Observation 7: The BD reduction impact on the UE blocking is related to the AL distribution
· For the good coverage, UE blocking is not sensitive for small UE number and sensitive for larger UE number by reducing the BDs
· For the worse coverage, after 25% BDs reduction, UE blocking is not sensitive by reducing the BDs, and for 50% BDs reduction, UE blocking is sensitive for low UE number and not sensitive for larger UE number by reducing the BDs
Additionally, it is noted that different candidates for each AL brings different UE blocking performance, even if the total candidates for all the ALs are the same. We can assume that for a total candidates number X, the number of  candidates for each AL is set as [X1, X2, X3, X4, X5],wherein X1+X2+X3+X4+X5=X. For configuration1 with 25% BD reduction, the combination [4, 3, 1, 1, 1] has the best performance. For configuration1 with 50% BD reduction, the combinations’ performance is similar. For configuration2 with 25% BD reduction, the combination [1, 1, 7, 4, 1] has the best performance when the number of UEs is larger than 5. For configuration2 with 50% BD reduction, the combination [2, 4, 2, 1, 1] has the best performance when the number of UEs is lower than 5. From this, it is seen that proportional reduction for all ALs may not be the best. The UE blocking performance is related to the candidates for each AL, the UE number and AL distribution. 
Observation 8: Assuming the total candidates for all the ALs are the same after BDs reduction, proportional reduction for all ALs probably will not bring the best UE blocking performance.
Delay tolerance
The delay tolerance can be a good method to reduce the UE blocking probability. And a referred delay tolerance can be described in Figure 4:
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Figure 4. 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.
Obviously, introducing the delay tolerance can be very effective to reduce the PDCCH candidates. More specifically, the delay tolerance provide another chance for the UE to be scheduled. On one hand, the slot n would never be counted as ‘blocked’. On the other hand, the number of UEs to be scheduled in slot n+1 would be always larger than that without the delay tolerance.
The simulation assumption is based on the uniform distribution: configuration 1 and the candidates are set as [8, 6, 2, 2, 2], [5, 4, 2, 2, 2] after 25% BD reduction and [4, 3, 1, 1, 1] after 50% BD reduction. The delay tolerance is based on 3 slots.
The simulation results are shown in Figure 5:
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Figure 5. PDCCH blocking based on 2 and 3 slots delay tolerance
Based on this, we have the following observation:
Observation 9: Introducing delay tolerance can obviously decrease the UE blocking probability.
· Larger delay tolerance brings larger UE blocking probability decrease
Coexistence with legacy UEs
The coexistence issue can be described as: after the BDs reduction for RedCap UE, there may exist the coexistence issue with NR 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 may depend on how to reduce the BDs and CCEs.
Additionally, for the REDCAP UE and NR UE, the PDSCH for massive data transmission probably scheduled by PDCCH is based on the UE specific search space. The gNB is able to configure the RedCap 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 10: The coexistence impacts from reducing BD and CCE limits can be mitigated by gNB configuration.
Specification impacts
The specification impacts by reducing the BDs and CCEs may be a little different for different methods. For reduction of the number of DCI sizes, it mainly has an impact on the DCI size alignment part. For reduction of the ALs reduction and candidates for each AL, it mainly has an impact on the blind detection procedure, since the parameters for the blind decoding are changed. Additionally, the configuration related to reduction of the BDs can be indicated semi-statically or dynamically, which may has an impact on RRC parameters or DCI design. For the reduction of Maximum number of monitored PDCCH candidates and Maximum number of non-overlapped CCEs per slot, it involves to the limiting the detection attempts. Based on this, it is seen that, the possible impacts by reducing the BDs and CCEs may be focused on the RRC parameters, DCI design or the UE behaviors related to blind decoding.
Observation 11: The specification impacts by reducing the BDs and CCEs may be mainly on the RRC parameters, DCI design or the UE behaviors related to blind decoding.
According to the simulation results, on one hand, the BD reduction brings maximum power saving gain close to 15%. On the other hand, the BD reduction would bring higher UE blocking probability. However, if we take the specific methods of BDs reduction into consideration, gNB scheduling or consider the UE delay tolerance, the UE blocking issue would not be a problem here. Additionally, according to the analysis above, reducing BD and CCE limits has little impact on the coexistence. Based on this we have the proposal.
Proposal 1: Reducing BDs and CCEs should be considered to save power in the WI stage.
As mentioned, the BDs or CCEs reduction methods mainly include the following aspects: the number of DCI sizes, AL, PDCCH candidates for the AL and the limit of maximum PDCCH candidates or CCEs number. In chapter 2, the motivations to reduce the BDs or CCEs have been discussed. In evaluation part, the simulation results shows the power saving can be expected. And the UE blocking would not be a problem if an appropriate method of reducing BDs is adopted which can help mitigate the UE blocking probability increasing or the delay tolerance is introduced. Based on this, we have the following proposal.
Proposal 2: The schemes for BDs or CCEs reduction can be considered in the WI stage, including
· Reduced total number of DCI sizes
· Reduced ALs or candidates for each AL
· Reduced maximum PDCCH candidates or CCEs number
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed reduced PDCCH monitoring for RedCap UEs. We make the following observations and proposals:
Observations
Observation 1: Different number of UEs in a slot, number of traffics, and the channel condition changes require different aggregation levels and corresponding candidates.
Observation 2: RedCap UE with reduced functions requires the reduced total number of DCI sizes to save power.
Observation 3: With the reduction of DCI sizes, ALs and PDCCH candidates for the AL, the maximum number of monitored PDCCH candidates and non-overlapped CCEs need to be reduced accordingly.
Observation 4: For instant message, power saving gain at approximately 25%~50% BD reduction is 4.27%~13.35.
Observation 5: For heartbeat, power saving gain at approximately 25%~50% BD reduction is 5.37%~10.81%.
Observation 6: For industrial sensor, power saving gain at approximately 25%~50% BD reduction is 5.37%~13.75%.
Observation 7: The BD reduction impact on the UE blocking is related to the AL distribution
· For the good coverage, UE blocking is not sensitive for small UE number and sensitive for larger UE number by reducing the BDs
· For the worse coverage, after 25% BDs reduction, UE blocking is not sensitive by reducing the BDs, and for 50% BDs reduction, UE blocking is sensitive for low UE number and not sensitive for larger UE number by reducing the BDs
Observation 8: Assuming the total candidates for all the ALs are the same after BDs reduction, proportional reduction for all ALs probably will not bring the best UE blocking performance.
Observation 9: Introducing delay tolerance can obviously decrease the UE blocking probability.
· Larger delay tolerance brings larger UE blocking probability decrease
Observation 10: The coexistence impacts from reducing BD and CCE limits can be mitigated by gNB configuration.
Observation 11: The specification impacts by reducing the BDs and CCEs may be mainly on the RRC parameters, DCI design or the UE behaviors related to blind decoding.
Proposals
Proposal 1: Reducing BDs and CCEs should be considered to save power in the WI stage.
Proposal 2: The schemes for BDs or CCEs reduction can be considered in the WI stage, including
· Reduced total number of DCI sizes
· Reduced ALs or candidates for each AL
·  Reduced maximum PDCCH candidates or CCEs number
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