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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK38]In RAN #86 meeting, the study item of “New SID on support of reduced capability NR devices” was approved for NR Release 17 study [1]. One of the detailed objectives of the study item is to study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant): 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits
· Extended DRX for RRC Inactive and/or Idle
· RRM relaxation for stationary devices
In this contribution, we firstly describe the power saving mode for reduced capability NR devices and then discuss the reduced PDCCH monitoring mainly from the aspects of smaller numbers of blind decoders and CCE limits.
Discussion
Power model for NR REDCAP UEs
Power consumption is one of the aspects that need to be considered for the NR REDCAP UEs, especially for the wearable devices. In Rel-16 power saving WI, traffic model and power model are discussed and agreed. A distribution of different types of slots, including ‘PDCCH-only’ slot, ‘PDCCH+PDSCH’ slot, ‘SSB slot’ etc., can be obtained based on the agreed traffic model. The power model defines a relative power consumption for different slot types. Based on the obtained distribution and power model for different slot types, a relative energy consumption can be calculated for the baseline and the solution to be studied. In order to study the power consumption of REDCAP UEs, similar methodology in Rel-16 power saving study should be reused. 
The traffic model needs to be discussed to reflect the typical applications of NR REDCAP UEs. Compared with eMBB UEs, the typical applications running in a smart watch are mainly voice call, video call, instant message (e.g., wechat), AI assistant (e.g., Siri), Map and navigation, etc. Meanwhile the typical applications running in a smart phone are video (e.g., YouTube), live webcast, online gaming, music, etc. Accordingly, as shown in Table 1, the typical services for wearable UE can be categorized into 3 traffic models: VoIP, instant message and heart-beat message. It is proposed to further discuss the parameters for the three traffic models. Regarding the power model, the power model defined in TR38.840 can be reused as much as possible, if no essential update is identified for NR REDCAP UEs. 







[bookmark: _Ref39044887]Table 1 Traffic models for power evaluation of wearable devices
	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Service type
	Traffic model
	Power model
	Note

	VoIP
	Follow R1-070674
	Follow the power model defined in Section 8, TR38.840
	Including voice call, video call

	Instant message
	FTP model 3
FFS: packet size and mean inter-arrival time
	
	Including wechat, Map, navigation, AI assistant

	Heart beat
	FTP model 3
FFS: packet size and mean inter-arrival time
	
	The application layer message from client to server to inform that the service is still alive. To be handled in small data WID.

	IDLE
	-
	
	Corresponding to the time duration when the user doesn’t use the device.



The traffic for wearable UE is usually sparse, then even a small data packet for heart beat can trigger a RRC connection procedure. It is observed with high probability a wearable UE sets up RRC connection only for one-shot data transmission without subsequent data, which leads to much power waste due to signaling overhead. Therefore, the techniques discussed in small data transmission could be utilized by NR REDCAP UEs for power saving. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK25]For VoIP and instant message, it is observed that the traffic model is quite similar as in eMBB, where the mean inter-arrival time is considered to be even larger. So REDCAP UE also suffers from the power consumption due to a large number of unnecessary PDCCH monitoring. From this aspect, techniques specified in Rel-16 UE power saving WID to reduce ‘PDCCH-only’ slots can be utilized as a baseline for NR REDCAP UE, such as PDCCH based WUS, cross-slot scheduling, BWP based maximum MIMO layer adaptation. There are also power saving techniques by reducing PDCCH monitoring in frequency domain. However, considering only small number of carriers is expected to be supported or even no carrier aggregation is supported for NR REDCAP UEs, the dormancy adaption should be not considered for NR REDCAP UEs. 
While taking into account the potential requirement/restriction of NR REDCAP UE as discussed below, the Rel-16 UE power saving techniques can be reviewed and potential adjustment would be allowed if identified to be essential.
[bookmark: OLE_LINK16]Proposal 1: Techniques specified in Rel-16 UE power saving WID can be considered as a baseline for NR REDCAP UEs, whenever applicable. 
On the other hand, since smaller numbers of blind decoders and CCE limits are expected to reduce complexity and cost which is beneficial for NR REDCAP UE, reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits are further analyzed as follows.
[bookmark: OLE_LINK23]Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits
Overview of NR PDCCH monitoring design 
Numbers of blind decodes and CCE limits are identified for RAN1 to further investigate for UE power saving. Specifically in Rel-15 NR PDCCH monitoring design,
· [bookmark: OLE_LINK4]Maximum number of monitored PDCCH candidates-
UE PDCCH blind decoding (BD) capability is defined for a UE monitoring PDCCH(s) wherein the exact aggregation levels and number of decoding candidates per aggregation level are configurable. This can be considered as a benchmark for the gNB when configuring aggregation levels and/or the number of PDCCH candidates for each aggregation level. The maximum number of monitored PDCCH candidates for operation with a single cell is as follows [2].


Table 1. 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



· [bookmark: OLE_LINK5]Maximum number of non-overlapped CCEs


Table 2 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 [2].


Table 2. 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



In Rel-16, the maximum number of monitored PDCCH candidates and maximum number of non-overlapped CCEs are further enhanced to support increased PDCCH monitoring capability in terms of a span of different span patterns.
Evaluation on NR PDCCH monitoring reduction
The impact of reducing BD numbers and CCE limits are analyzed here. 
· Reduced BD numbers
According to the summary on UE Power Saving Evaluation Methodology [4], the power scaling for PDCCH candidate reduction for NR REDCAP UE (for same slot scheduling only) can be modelled as follows:
P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]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. Based on the above model, an upper bound of 15% power saving gain can be achieved if the maximum BD numbers for NR REDCAP UE is reduced to half of the current maximum BD numbers. Although more power saving gain could be obtained due to more reduced BD numbers, too few BD numbers will restrict the scheduling flexibility. From this view, for NR REDCAP UE, the maximum number of monitored PDCCH candidates per slot for a DL BWP for a single serving cell can be no less than X, e.g. X is half of the current maximum BD numbers.
[bookmark: OLE_LINK24]Observation 1: An upper bound of 15% power saving gain can be achieved if the maximum BD numbers for NR REDCAP UE is reduced to half of the current maximum BD numbers.
· CCE limits
CCE limit mainly contributes to the complexity of channel estimation. Fewer PDCCH candidate number of decoding candidates per aggregation level (i.e. nrofCandidates as specified in [5]) would result in fewer number of CCEs and correspondingly lower complexity of channel estimation. However the fewer number of CCEs would bring scheduling constraint at gNB side. Additionally referring to the discussion in Rel-16 UE power saving, the impact on power saving by reducing CCE limits can be ignored. So the CCE limits for the NR REDCAP UE could be the same as the NR legacy UE. 
Observation 2: Fewer number of CCEs would not provide substantial power saving benefit, while applying scheduling constraints at gNB side.
Proposal 2: For NR REDCAP UE, the maximum number of monitored PDCCH candidates per slot for a DL BWP for a single serving cell is no less than X, e.g. X is half of the current maximum BD numbers.
Proposal 3: for NR REDCAP UE, the CCE limits can be the same as the NR legacy UE.
[bookmark: OLE_LINK26]Principles on BD numbers reduction
Several options can be considered to meet the requirement of reduced BD numbers. 
Option 1: Fewer search space and CORESET configuration
The reduced maximum BD numbers per slot for a DL BWP for a single cell can be achieved through fewer search space and CORESET configuration. However this will increase the PDCCH blocking probability, which accordingly impacts the PDCCH performance for NR REDCAP UE. This imposes restrictions on scheduling flexibility with fewer search space and CORESET configuration at gNB side. 
Option 2: Reduced number of different DCI size
As specified in [6], the total number of different DCI sizes configured to monitor is no more than 4 and up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell can be configured. Less number of different DCI size comparing the legacy one can be considered to reduce the maximum BD numbers. However this would incur scheduling constraint on NR REDCAP UE. 
In addition, NR REDCAP UE can also inherit the legacy designs on search space/CORESET configuration and the total number of different DCI sizes. In this case, NR REDCAP UE counts the valid PDCCH candidates for monitoring based on the maximum BD number as proposed in the above section (i.e. no less than half of the current maximum BD numbers). Obviously this will not impact the PDCCH scheduling flexibility at gNB side, however it may result in severe performance loss on NR REDCAP UE since the PDCCH candidates carrying scheduling information may be beyond the maximum BD numbers with high probability. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK27]Proposal 4: From the view of no or little constraint on scheduling flexibility at gNB side and less scheduling impact on NR REDCAP UE, reduced number of different DCI size can be considered to reduce maximum BD numbers.
[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1: An upper bound of 15% power saving gain can be achieved if the maximum BD numbers for NR REDCAP UE is reduced to half of the current maximum BD numbers.
Observation 2: Fewer number of CCEs would not provide substantial power saving benefit, while applying scheduling constraints at gNB side.
Proposal 1: Techniques specified in Rel-16 UE power saving WID can be considered as a baseline for NR REDCAP UEs, whenever applicable. 
Proposal 2: For NR REDCAP UE, the maximum number of monitored PDCCH candidates per slot for a DL BWP for a single serving cell is no less than X, e.g. X is half of the current maximum BD numbers.
Proposal 3: for NR REDCAP UE, the CCE limits can be the same as the NR legacy UE.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: OLE_LINK45]Proposal 4: From the view of no or little constraint on scheduling flexibility at gNB side and less scheduling impact on NR REDCAP UE, reduced number of different DCI size can be considered to reduce maximum BD numbers.
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