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1 Introduction
LTE UE modem power consumption is dominated (more than 50%) by monitoring PDCCHs without any scheduled data [1]. Of that power, about 50% is due to RF and about 50% is due to baseband operations [2]. In NR, reduction in RF power consumption can be realized by RF bandwidth adaptation. Recently, it was agreed that dynamic activation /deactivation of BWP is supported by DCI as below [3]. 
RAN1#90 Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

Remaining 50% of power consumption from baseband operations for a given RF bandwidth would be managed by adjusting the number of blind decoding or monitoring periodicity/occasions. Regarding this, agreements on semi-static configuration for the number of blind decodes and monitoring periodicity are made in RAN1-NR#2 meeting as below [4].
RAN1-NR#2 Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:

· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors

· Set of aggregation levels

· FFS explicit or implicit configuration

· Set of DCI format sizes

· FFS explicit or implicit configuration

· FFS: per CORESET not used for initial access or search space
· FFS: Signalling details
· Note that the number of candidates can be zero
· UE blind decoding capability is known by NW
· FFS: How the capability is derived
RAN1-NR#2 Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.

· Frequency-domain resources, which may or may not be contiguous

· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency

· FFS: exact size and number of contiguous parts for a CORESET

· Starting OFDM symbol

· Time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· More parameters may be added if agreed

· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value

On top of above configuration on PDCCH blind decoding and monitoring, a dynamic signaling for PDCCH configuration can be further considered to achieve optimized power saving gains. This contribution will discuss a generalized solution for UE power saving by using L1 signaling.

2 Necessity of dynamic signalling for UE power savings
In real network, data traffic has large variations in inter-arrival time which has a heavy-tailed distribution. Service time and queueing delay are typically short and this often leads to no UEs being scheduled. However, due to the distribution of the inter-arrival time, the system can also be heavily loaded at times. In actual LTE deployments, the number of scheduled UEs per subframe remains highly correlated over periods of about 10 msec during peak traffic times and over longer periods during off-peak traffic times (macro-cell data). Subframes without any UE scheduling, or with only 1 or 2 UEs being scheduled, also occur often. 
Due to such a dynamic/unpredictable traffic environment, there are fundamental limitations in using DRX operation in terms of UE power saving since DRX configuration is basically semi-static (actually it is more close to static in real network [5]). Even if the gNB is aware of traffic variation and re-configures the DRX parameters, it takes at least tens of milliseconds until applying it to a UE. For this reason, it is very hard to operate a UE with micro sleep by using DRX operation. Thus UE have to keep doing PDCCH monitoring although there is no scheduled data. Power consumption due to this unnecessary blind decoding becomes severe when mini-slot scheduling and/or larger subcarrier spacing is used. 
For this reason, necessity on dynamic adaptation for PDCCH monitoring is significantly motivated in NR for UE power saving. We will take into account three major PDCCH configurations which are number of blind decodings, monitoring periodicity, and RF bandwidth for dynamic management. Also, the proposed dynamic adaptation in PDCCH monitoring can be used independently with DRX operation by applying it for a certain time duration configured as onDurationTimer and InactivityTimer to minimize impact on RAN2 specification. 
3 A generalized solution for UE power saving

3.1 Dynamic blind decoding adaptation
Reducing power consumption from baseband operation can be expected by reducing the number of blind decodings without affecting the capability to schedule UE [5]. The indication to UEs to skip decoding operations can be by a scaling factor for the configured number of decoding operations in a DCI format. Two bits can be used to indicate a scaling of e.g. [0%, 25%, 50%, 100%]. The indication can take effect at the next slot after the slot of the DCI format detection and last over a configured period of slots. Failure by the UE to detect the DCI format can result to a default operation of the UE performing all configured (by higher layers) PDCCH decoding operations. The DCI format can in principle be any DCI format the UEs is configured to decode over a configured period.
Besides power saving in terms of base band operation, additional power saving effect can be achieved from reduced processing time. For 1-symbol and 2-symbol CORESET, about 8~10% processing time reduction can be expected when there is average 50% reduction in blind decodings compared to maximal blind decodings of 44. This implies that the UE can go to sleep 8~10 % earlier than before within a slot if there is no scheduled data. Straightforwardly, the gain from reduction in processing time can be converted in reduction in power consumption. Power saving gain may depend on the candidates of possible scaling factors and its operation method in the gNB side. The exact power saving gain should be further studied.
3.2 Dynamic monitoring periodicity adaptation

Dynamic adaptation in monitoring periodicity can be also considered. Let assume that InactivityTimer is configured as 100ms and the gNB is aware of that the traffic of the UE may not occur frequently after some short burst traffic. Then the gNB can dynamically indicate the monitoring periodicity as longer period than before after the short traffic. For example, the gNB can change the monitoring periodicity from 1ms to 2ms. Then the UE can monitor PDCCH with longer period after the last reception of a PDCCH during 100ms. Significant power saving gain during InactivityTimer can be expected. With simple arithmetic calculation, doubled monitoring periodicity may achieve half power consumption. 
Two bits can indicate a scaling of monitoring periodicity, e.g., [0%, 50%, 100%, 200%] as in blind decoding reduction and baseline periodicity can be 1-slot. Shorter periodicity can be used for high traffic scenario. The UE can apply the indicated monitoring periodicity at the next slot or configured slot over a certain slot period.
3.3 Dynamic RF bandwidth adaptation
The bandwidth adaptation is already captured as a use case scenario of bandwidth part operation [4]. As agreed, a narrow bandwidth part can be configured by higher layer signaling and it can be dynamically activated by DCI from the gNB when there is no expected traffic. Reduction in power consumption from RF can be achieved from the PDCCH monitoring in narrow bandwidth part. Regarding DCI signaling method, two ways can be considered – 1) separate DCI design or 2) joint DCI design for switching and scheduling. Details can be found in our companion contribution [8].

3.4 A combined solution

As a generalized solution, above configurations related to PDCCH monitoring can be jointly considered together and dynamically indicated to the UE. The gNB may configure a set of PDCCH configurations and one of the configurations can be dynamically indicated by DCI to the UE. Refer to Table 1 describing an example of dynamic indicator. One of the configurations (e.g. index ‘00’ in Table 1) can be regarded as a default configuration. The default mode may be used if the UE misses the DCI of the dynamic indication. 

Table 1. Example of dynamic indication and its contents
	Index
	Corresponding configurations 

	00
	PDCCH config. A =
(default)
	{ Monitoring periodicity = 1 ms
The number of BDs = 100%
Bandwidth part = BWP#0 }

	01
	PDCCH config_B =
	{ Monitoring periodicity = 2 ms
The number of BDs = 50%
Bandwidth part = BWP#0 }

	10
	PDCCH config_C =
	{ Monitoring periodicity = 10 ms
The number of BDs = 25%
Bandwidth part = BWP#1 }

	11
	PDCCH config_D =
	{ Monitoring periodicity = 100 ms
The number of BDs = 0 %
Bandwidth part = BWP#1}


Figure 1 shows an example of proposed dynamic PDCCH configuration switching assuming configuration set in Table 1. In the beginning, a UE operates in default mode of ‘00’ and in the middle of monitoring the UE can receive dynamic indication for PDCCH configuration switching. According to the indicator, the UE may change its monitoring operation during on DRX timer. The gNB can make a UE sleep early before onDurationTimer over by using such a configuration of ‘11’ in Table 1. 
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Figure 1. Example of dynamic PDCCH configuration switching
Proposal 1: Support L1 signalling for dynamic PDCCH configuration (e.g., related to number of blind decoding, monitoring periodicity, bandwidth part, etc.) switching for UE power saving in NR. 
4 Signalling methods
Both group-common DCI and UE-specific DCI can be considered for different use cases. Basically, PDCCH configuration switching will be triggered due to current network traffic situations. Since a number of UEs will be affected by the traffic condition at the same time, group-common DCI would be suitable for dynamic signalling. On the other hand, UE-specific DCI may also be applicable when there is no traffic at all for a specific UE. If UE-specific DCI is supported, detailed DCI design also should be studied.
Proposal 2: Group-common DCI and/or UE-specific DCI can be used for L1 signalling for UE power savings.
5 Conclusion

This contribution discussed a dynamic signaling for UE power saving. Following proposals were made as below.
Proposal 1: Support L1 signalling for dynamic PDCCH configuration (e.g., related to number of blind decoding, monitoring periodicity, bandwidth part, etc.) switching for UE power saving in NR.
Proposal 2: Group-common DCI and/or UE-specific DCI can be used for L1 signalling for UE power savings.
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