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Introduction
A new study item on support of reduced capability NR devices was approved [1]. 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
  



In this paper, we discuss the options of PDCCH monitoring reduction, including 
· necessity of reducing PDCCH monitoring by smaller numbers of blind decodes. 
· Limitation of monitoring occasions and CCE numbers within a slot

Discussion
Blind decoding reduction
In this section, we provide numerical analysis on the power saving gain by reducing the numbers of BDs. The approach makes use of the power consumption model developed in the Rel-16 power saving item, as shown below [2]:
	Reference Configuration
	Power State
	Characteristics
	Relative Power 

	Downlink: TDD, FR1, 30 kHz SCS,  1 CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1
Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm
Power values are averaged over the operations within a slot.
	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	
	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	
	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	
	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	
	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. FFS the power scaling for RRM of neighbor cells . TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300 

	
	UL
	Long PUCCH or PUSCH. FFS the power scaling for short PUCCH and SRS.
	250 (0 dBm)
700 (23 dBm)
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We compare the following three cases.
Case 1: 36 BDs monitored over PDCCH region of 2 symbols at beginning of a slot (i.e. reference configuration)
Case 2: 18 BDs monitored over PDCCH region of 2 symbols at beginning of a slot
Case 3: 1 BD monitored over PDCCH region of 2 symbols at the beginning of a slot
Among the above three cases, Case 1 is the baseline, which corresponds to the PDCCH-only entry in the above table, resulting in power consumption of 100 unit. 
Using the above scaling model, the power consumption of Case 2 can be calculated as
P = 0.5*100 + 0.5*0.7*100 = 85 
and for Case 3
P = 1/36*100 + 35/36*0.7*100 = 70.83 
With the above calculation, we can observe roughly 15% power saving gain if the number of BDs reduce by a half, and the maximum possible power saving gain with one single blind decoding candidate is 29%. The observation is summarized into the following
Observation 1: Reducing the number of BDs can bring power saving gain.
However, the above analysis using the power consumption scaling model developed in Rel-16 UE power saving study item [2] has the following shortcomings:
· The power consumption scaling model developed in [2] is applicable to the (same) slot-based scheduling with PDCCH region of 2 symbols at the beginning of the slot. However, the power consumption also depends on symbol numbers that modem needs to buffer and process (for both PDCCH and PDSCH), which could depend on slot or non-slot based scheduling. The impact of spreading the BDs within the slot (i.e. non-slot based scheduling) is not captured by the model. 
Therefore, to facilitate the development of new model, we think the following “typical” but not exclusive cases can be considered first for RedCap UE BD/CCE reduction evaluation: 
· 1 symbol CORESET with 36, 18, 9 BDs.
· 2 symbols CORESET with 36, 18, 9 BDs. The current model can cover these cases.
· 3 symbols CORESET with 36, 18, 9 BDs.
The approach to refine or enhance the model can be either calculation model or based on actual measurement on UE modem. Since the above BD numbers are simple and “typical” ones as starting point, it is also expected that the BD number play as a scaling factor to cover more general cases. 
In our expectation, different number of symbol CORESET will result in different PDCCH processing time and/or PDSCH buffering time. Then micro sleep portion in the slot, which is after the PDCCH processing and blind decoding, will also be different. This would give differentiated power number from what the current model is capable of providing.
Moreover, from our perspective, other potential cases are not precluded and welcomed if reasonably configured with valid use case. 
Besides the potential power saving gain by evaluation from the model, the system impact of the scheduling latency and blocking probability caused by reducing BD candidates should be evaluated and taken into consideration as well.
Based on the above analysis, we have the following proposals.
Proposal 1: The scaling model in [2] for PDCCH BD reduction should be refined or enhanced.
Proposal 2: RAN1 further studies the tradeoff between reducing the number of BDs and PDCCH scheduling/blocking constraints.  

Monitoring occasion reduction and CCE limitation
As mentioned in the previous section, besides BD numbers, power consumption from PDCCH monitoring depends also on the symbol numbers that modem needs to buffer and process. In the current specification, the RRC parameters monitoringSlotPeriodicityAndOffset and duration in SearchSpace decide the slots where the PDCCH is monitored. Then monitoringSymbolsWithinSlot in SearchSpace and duration in ControlResourceSet determine the PDCCH monitoring occasions and pattern within a slot.
Depending on the different use cases, the traffic arrival rate can be more predictable and stable in statistics. To acquire the benefits of power consumption and UE complexity reduction from Rel.16 NR Power Saving study, the wake up time adaptation should be introduced in the RedCap UE.
In Rel.16, the DCI format 2_6 can indicate UE to skip the next DRX ON Duration. In our opinion, considering skipping more DRX cycles is also beneficial and should be studied. For example, for video surveillance use case, skipping DRX cycles can help the gNB more flexibly control the timing when to switch on the camera and start the video flow. Compared with larger DRX cycle periodicity by RRC configuration, the DCI-based multiple DRX cycle skipping provides shorten reaction time from the surveillance camera.
Proposal 3: Enhancement of DCI-based DRX cycle skipping should be studied and considered for RedCap.

In frequency domain, the frequencyDomainResources in ControlResourceSet determines which PRB groups are used to carry the CCEs and for UE to detect PDCCH. To limit the PDCCH monitoring efforts by configuring less time/frequency domain resource and CCE numbers can be investigated. Possible ways to adapt the PDCCH monitoring reduction could be to use BWP framework and/or dormancy indication. This is also essential to reduce the complexity reduction.
Proposal 4: The PDCCH monitoring reduction adaptation by BWP framework and/or dormancy indication should be studied.

On the other hand, if to limit the resource in the search space and CORESET configuration, the flexibility of control channel scheduling for individual UE may be limited. Also, the blocking rate between UEs sharing same or overlapped control region could be higher. 
For RedCap UE, if the traffic arrival rate is stable or even constant, e.g. video surveillance and industry wireless sensor use cases, SPS and/or CG can be used for better efficiency. As the PDCCH to initiate and terminate the data scheduling can be spread in different slots, the issue in terms of PDCCH scheduling flexibility and blocking rate can be largely alleviated. In addition, by configuring larger PDCCH monitoring periodicity, the PDCCH processing timeline can also be relaxed.
Observation 2: In some use cases suitable for SPS/CG, e.g. video surveillance and industry wireless sensors, PDCCH monitoring reduction and CCE limitation can save power consumption and relax processing timeline with alleviated impact on PDCCH scheduling flexibility and blocking rate.
[bookmark: _GoBack]
Conclusion
Based on the discussion, the following observations and proposals are highlighted: 
Observation 1: Reducing the number of BDs can bring power saving gain.
Proposal 1: The scaling model in [2] for PDCCH BD reduction should be refined or enhanced.
Proposal 2: RAN1 further studies the tradeoff between reducing the number of BDs and PDCCH scheduling/blocking constraints.
Proposal 3: Enhancement of DCI-based DRX cycle skipping should be studied and considered for RedCap.
Proposal 4: The PDCCH monitoring reduction adaptation by BWP framework and/or dormancy indication should be studied.
Observation 2: In some use cases suitable for SPS/CG, e.g. video surveillance and industry wireless sensors, PDCCH monitoring reduction and CCE limitation can save power consumption and relax processing timeline with alleviated impact on PDCCH scheduling flexibility and blocking rate.
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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) ∙ 0.7P t   -   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.  


