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1. Introduction

During RAN1#94bis meeting [1] and RAN1#95 meeting [2], various schemes for UE adaptation to the traffic and UE power consumption have been discussed.   In this contribution, we further discuss the UE adaptation schemes to the UE’s traffic and power consumption in detail and give the system level simulation results for the power saving schemes based on the evaluation methodology agreed in RAN1#94bis meeting [1] and RAN1#95 meeting [2].
2. Discussion 
2.1. Adaptation in time
For adaptation to the UE’s traffic and power consumption in time domain, various schemes can be designed based on different time-scale granularity. DRX shall be used as the baseline framework to adapt in long time-scale granularity. Waking up scheme can be designed to adjust the DRX operation. For UEs that has traffic, the UE shall monitor PDCCH to receive the DL/UL scheduling grant. Methods for the PDCCH monitoring adaptation can be studied. For each PDCCH monitoring occasion, which is the minimum operation granularity in the time domain, it can be further investigate whether it is beneficial and feasible to skip PDCCH monitoring.  
2.1.1 DRX adaptation
2.1.1.1 Waking up schemes for DRX

Waking up scheme for DRX has been discussed a lot in previous RAN1 meetings. By enabling the UE to skip PDCCH monitoring in the DRX on duration when there is no traffic, the power saving benefit of these schemes can be expected. The key point herein is the power-saving signal/channel design. In our companion contribution [5]
 the detailed considerations of the power-saving signal/channel design are presented.
In order to evaluate the power saving gain of wake-up schemes of DRX, a system level simulation was performed. In the simulation, the power for detecting wake-up signal is assumed as 20 and a 3 slots gap between wake-up signal and the beginning of DRX On-duration was assumed. The traffic model of FTP traffic and instant message as agreed in RAN1 95 meeting was used. The averaged power consumption per-slot was counted and output as shown in the following Table 1. 
Table 1 Power saving gain of wake-up for DRX
	
	DRX
	Wake-up for DRX
	 gain

	FTP traffic
	55.09
	52.63
	4.47%

	Instant messaging
	13.85
	4.014
	71.02%


For the simulation results, it can be seen more than 70% power saving gain was achieved by wake-up scheme for DRX for the traffic model of instant message.  Therefore significant power saving gain for sparse traffic can be expected with wake-up scheme for DRX. 

Observation 1: Waking up scheme for DRX can bring in significant power saving gain for sparse traffic.
Proposal 1: Waking up scheme for DRX shall be studied and supported.
2.1.1.2 DRX configuration adaptation 

Currently, one UE would be configured with one DRX configuration. If the gNB find the configuration needs to be changed, the gNB can re-configure the DRX configuration with RRC signaling. However, usually the UE needs to handle different types of services, such as voices, gaming, instant communication (such as Wechat),video etc., different services types have different characteristics such as the packet size, latency requirements. Therefore, it is difficult to use the current DRX configuration framework to adapt to different kinds of services requirement. Fast DRX configuration adaptation scheme would match different services better at different time thus it is beneficial for UE’s power saving.
One DRX configuration adaptation scheme is using L1 signaling such as power saving signal (if introduced), or DCI. The UE can be pre-configured with one set of DRX configurations or different DRX parameters with which are associated with different L1 signaling. Within each DRX cycle, the network can dynamically change the UE’s DRX configuration based on UE’s actual arrived service type and characteristics.

Another alternative could be considered is to configure the UE with multiple DRX configurations among which each one corresponds to one service type. Based on the UE’s service type to be handled, the UE and network could autonomously adapt the DRX configuration.      
In order to evaluate the power saving gain of adaptation of DRX, another system level simulation was executed. The baseline DRX parameters are those agreed in RAN1#94bis and RAN1#95 meeting. As a comparison, short DRX inactivity timers are used. For example, besides the 100ms DRX inactivity timer for the traffic models of FTP traffic, and 80ms DRX inactivity timer for the traffic model for instant message as agreed, another 20ms DRX inactivity timer is used. The simulation results is shown as in the following Table 2, it can be seen that by just adjusting the DRX inactivity timer, 45.73% power reduction for FTP traffic and 38.06%  power reduction for instant message are achieved. 
Table 2 Power saving gain of by adaptation of DRX parameters
	
	Long inactivity timer 
	Short inactivity timer
	 gain

	FTP traffic
	55.09(100ms)
	29.9 (20ms)
	45.73%

	Instant messaging
	13.85 (80ms)
	8.58 (20ms)
	38.06%


Therefore, we have the following observation and proposal for DRX adaptation.

Observation 2: significant power saving gain can be achieved by DRX parameter adaptation. 
Proposal 2: study L1 signaling based DRX configuration adaptation scheme.

Proposal 3: study autonomous DRX configuration adaptation scheme based on the service type.
2.1.2 PDCCH monitoring reduction

2.1.2.1 PDCCH monitoring adaptation

DRX configuration adaptation is kind of long-time scale matching of UE’s service and traffic characteristics. PDCCH monitoring adaptation can further optimize UE’s power consumption. 

One way for PDCCH monitoring adaptation is to maintain the UE’s PDCCH monitoring behavior within the PDCCH search space as specified in Rel-15 but change the PDCCH search space configuration based on the service and traffic requirements. For example, as shown in Figure 1, for the time duration with higher traffic load for the UE, PDCCH search space with small period, short monitoring duration etc. as the 1st PDCCH search space shown in Figure 1 can be used. For the time duration with lower traffic load for the UE, PDCCH search space with long period, short monitoring duration etc. as the 2nd PDCCH search space shown in Figure 1 can be utilized.
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Figure 1: PDCCH monitoring adaptation 

Similar as DRX configuration adaptation, in order to support fast re-configuration, L1 signaling such as power saving signal (if introduced), DCI or MAC CE could be used to adjust the PDCCH search space configuration. In addition, timer-controlled PDCCH search space switching could also be supported. The UE can be pre-configure with two PDCCH search spaces, among which one with short PDCCH monitoring periodicity and another with large PDCCH monitoring periodicity. When the UE’s traffic is dense, the PDCCH search space with short PDCCH monitoring periodicity can be activated for the UE. After the UE’s traffic becomes sparse or when there is no traffic for a time duration, the UE could autonomously switch its PDCCH search space to the one with large PDCCH monitoring periodicity based on the control of the timer.  
Proposal 4: L1 signaling such as power saving signal (if introduced), DCI or Layer 2 MAC CE could be used for PDCCH search space configuration switching. 

Proposal 5: timer-controlled PDCCH search space switching could also be supported.

Another direction for PDCCH monitoring adaptation is to help the UE skipping the PDCCH monitoring when there is no traffic for the UE. For example, when for a while the UE has no traffic or the UE’s data packet being processed in the scheduling queue (when there is multiple users are being scheduled), the gNB could indicate the UE to skip PDCCH monitoring for that time duration as illustrated in Figure 2. It is noted that the network scheduler has enough knowledge and could decide how long the UE could skip the PDCCH monitoring in such cases. For example, it can be determined depending on UE’s traffic statics, latency requirement or the length of the scheduling queue. Such kinds of skipping information can be encoded in the scheduling DCI. 


[image: image2.emf]t

PDCCH search 

space

DCI detected

Indicate to skip 

PDCCH monitoring 


Figure 2: indication to skip PDCCH monitoring
In order to evaluate the power saving gain of PDCCH monitoring skipping indication schemes, another system level simulation was executed. In the simulation, on the basis of DRX, if there is no scheduling for a duration, based on the gNB’s indication, the UE skips the PDCCH monitoring within that duration. Note that a PDCCH search space with PDCCH search space periodicity of one slot is assumed. The simulation results are shown in the following Table 3.

Table 3 Power saving gain of PDCCH monitoring skipping
	
	DRX
	PDCCH skipping on top of DRX
	 gain

	FTP traffic
	55.09
	27.93 
	49.3%

	Instant messaging
	13.85 
	3.39 
	75.52%


Based on the simulation results, it can be seen that PDCCH skipping on top of DRX can bring in significant power saving gain for both FTP traffic and instant message.

Therefore, we have the following observation and proposal.

Observation 3:  PDCCH skipping on top of DRX can bring in significant power saving gain
Proposal 6: indicating the UE to skip PDCCH monitoring for a time duration shall be supported.
For UE’s services that are not latency sensitive, a PDCCH search space configuration with long PDCCH monitoring period and/or less PDCCH monitoring occasions within each PDCCH monitoring periodicity can be configured to the UE. By such configuration, it is beneficial for UE’s power saving. However, when there is a large data packet arriving, the packet needs to be transmitted in several PDCCH periodicities and the total transmission latency may be too long to be accepted. To solve this issue, one method can be considered is the UE could autonomously monitor one additional PDCCH search space with short PDCCH monitoring period once the UE receive one scheduling grant within the first PDCCH search space. Figure 3 below show one example of such operation.   
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Figure 3: autonomous PDCCH monitoring adaptation based on traffic scheduling
Proposal 7: autonomous PDCCH monitoring adaptation based on traffic scheduling could be supported.
2.1.2.2 Waking up schemes for PDCCH monitoring

On the basis of the DRX adaptation and PDCCH monitoring adaptation schemes as discussed above, a finer control of PDCCH monitoring scheme can be based on the waking-up scheme for PDCCH monitoring. For each PDCCH monitoring occasion, a respective power saving signal can be utilized to indicate whether there is a DCI for the UE. Waking up schemes for PDCCH monitoring could get the finest PDCCH monitoring adaptation to the UE’s traffic. However, additional system overhead is also involved and sometimes it is impossible to have a WUS chance for each PDCCH monitoring occasion. For example, there may be several PDCCH monitoring occasion within one slot in NR. But it is almost impossible to send several WUS for the same UE within one slot considering the system overhead.  Therefore how to make a compromise between the power saving gain and the system overhead needs to be studied. In our companion contribution [4], we give our proposals for the WUS design for PDCCH monitoring.
Proposal 8: waking up scheme for PDCCH monitoring shall be studied considering the compromise between the power saving gain and the system overhead.
2.2. Adaptation in frequency

Currently, NR can manage UE’s frequency resource in different levels. Carrier aggregation is widest frequency scale resource management tool. In addition, NR supports BWP operation, which provides another tool for finer frequency resource management within each carrier. In the following, we discuss enhancement for carrier aggregation and BWP operation for the sake of UE’s power saving.
2.2.1.1 Fast carrier activation and deactivation
NR support large bandwidth for each component carrier thus by carrier activation and deactivation NR could provide large dynamic range of the transmission data rate. When large data packet arrives, the network can schedule the data on multiple component carriers simultaneously to boost the UE’s peak data rate. When the load is low for the UE, the UE can be scheduled on only one of the serving cell, e.g., the Primary serving cell. For the purpose of power saving, it is beneficial to support dynamic carrier activation/deactivation. However, the current carrier activation and deactivation scheme is based on MAC CE signaling which involves tens of ms delay. Such long activation and deactivation delay is adverse to fast frequency domain resource adaptation to the UE’s traffic. Supporting dynamic activation and deactivation using L1 signaling such as DCI is beneficial for UE’s power saving and system efficiency.
Furthermore, dormancy carrier was proposed in the RAN1#94bis meeting. For dormancy carrier, the UE needs to only perform CSI measurement and reporting. The merit of introduction of dormancy carrier is to guarantee that when the dormancy carrier is activated there is CSI for data scheduling thus improving the transmission efficiency. It is note that dormancy carrier have been already specified in the LTE euCA work item. But in euCA, only MAC CE based carrier state transition (among active<->deactivated<->dormancy) is supported.
In order to support flexible carrier state transition between activated, deactivated and dormancy carrier, we propose L1 signaling based on switching.

Proposal 9: study the benefit of dormancy carrier for NR.

Proposal 10: support L1 signaling based carrier state transition among activated, deactivated and dormancy (if introduced).

2.2.1.2 BWP adaptation

NR has already supported dynamic BWP switching based on DCI. Therefore, the switching delay between BWPs is small and based on RAN4 requirement, the largest BWP switching delay requirement is 3ms. 

During previous RAN1 meetings, Pre-CSI measurement on the target switching BWP had been discussed. The motivation is to acquire the channel information for the target BWP in advance thus once the UE switch to the target BWP the CSI information is available at the gNB. Compared with blind scheduling without CSI feedback, the spectrum efficiency is expected to be improved. However, in Rel-15 the UE is only expected to be configured to do CSI measurement within active BWP. In order to support Pre-CSI measurement in the target BWP, multiple BWP operation needs to be supported by the UE. One concern for such operation is the increase of the UE’s implementation complexity.
Observation 4: multiple BWP operation needs to be supported by the UE for Pre-CSI measurement in the target BWP.
Currently in Rel-15, the gNB can switch a UE’s DL BWP by scheduling PDSCH on the target BWP and the UE is not allowed to measure CSI outside its active BWP. Therefore another method can be considered to get the CSI on the target BWP before PDSCH scheduling is that the gNB can switch a UE’s DL BWP by triggering CSI measurement on the new BWP. For example, as shown in following Figure 4, the UE’s current active DL BWP is BWP1, the gNB can switching UE’s DL BWP to BWP 2 by sending one PDCCH to trigger the UE to measure CSI in DL BWP 2. With this method, the gNB can get the CSI report before scheduling PDSCH on DL BWP 2. 
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Figure 4 switching UE’s DL BWP by triggering CSI measurement in the target DL BWP
Proposal 11: study switching UE’s DL BWP by triggering CSI measurement in the target DL BWP.

During the study and specification in Rel-15, it is found that when the source BWP and the target BWP have the same center frequency and the same subcarrier spacing, the switching delay would be shortest. Currently, one UE can be configured with at most 4 BWPs. It can be based on the gNB’s implementation to configure e.g., two of configured BWPs with the same center frequency and the same subcarrier spacing to facilitate UE’s fast BWP switching. But such BWP configuration is not guaranteed by the specification. From the network perspective, the gNB would like support the flexibility of BWP configuration to get the benefit such as the convenience of load balance. 

In order to enable much fast BWP switching without the loss of the flexibility for BWP configuration, one method can be considered is to configure one SON-BWP for one configured  BWP. The son-BWP and its corresponding BWP have the same center frequency and the same subcarrier spacing and the son-BWP has a smaller bandwidth than that of its corresponding BWP. Figure 4 shows the configuration of the son-BWP. The UE can switch between the son-BWP and its corresponding BWP with very small delay thus it can well adapt the change of the UE’s traffic in frequency. For example, when the UE’s data arrives, the parent BWP can be used, when there is no data or only low load, the son-BWP can be utilized.
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Figure 4 Son-BWP of a BWP

Proposal 12: Son-BWP can be configured for one BWP to facilitate fast BWP adaptation.

· The BWP and its son-BWP has the same center frequency and the same subcarrier spacing but different bandwidth.
2.3. Adaptation in antenna

When UE supporting some specific frequency bands such as n7, n38, n41, n77, n78, n79 in FR1, it has to be equipped with a minimum of 4 RX antenna ports based on RAN4’s requirement [3]. Based on such RF requirements, the UE needs to active all the 4 RF chains when receiving PDSCH or measuring the channel quality. This would bring in challenges for NR UE’s power consumption. Therefore, adaptation in antenna is necessary to reduce UE’s power load.

On the other hand, the current RAN4 specification only define test requirement for 2Rx antenna configuration in FR1 which the UE that is 4Rx capable also applies. Considering such requirements, for the UE’s operations such as cell search/RLM/RRM measurement, the UE that is 4Rx capable can also use 2 RX. Therefore, we propose it can be based on UE’s implementation to select the RX antenna numbers for the operation such as RLM/RRM measurement/cell search.

Proposal 13: It can be based on UE’s implementation to select the RX antenna number for some operation such as RRM measurement/cell search. 

2.4. Adaptation in processing timeline

Relaxing the processing timeline which could enable lower UE’s baseband operating with a lower clock frequency that is beneficial for UE’s power saving. In addition, as discussed in previous meetings, cross-slot scheduling itself is beneficial for UE’s power saving.  For PDSCH/PUSCH transmission, relaxing the processing timeline can be realized by configuring the time domain resource allocation table for PDSCH/PUSCH with a respective large minimum k0/k2 value. For ACK/NACK feedback for PDSCH, a large minimum k1 value shall be guaranteed. 
In order to support adaptation in processing timeline, the UE can be configured with different TDRA table e.g., as listed in the following Table 1a and Table 1b. For the time duration when UE only has services not latency sensitive, a TDRA table with large minimum k0/k1/k2 (e.g., as shown in Table 1b the minimum k0 equals to 2) can be used. When the services that is delay stringent, another TDRA table with minimum k0/k1/k2 equaling to 0(e.g., as shown in Table 1a) can be used. The network can indicate the UE which TDRA table to be used in the subsequent scheduling with DCI or MAC CE indication. 
Table1a PDSCH time domain resource allocation supporting same-slot scheduling

	
	K0
	mappingType
	startSymbolAndLength

	Entry 1
	0
	-
	-

	Entry 2
	2
	-
	-

	Entry 3
	4
	-
	-

	Entry 4
	6
	-
	-


Table1b PDSCH time domain resource allocation only support cross-slot scheduling

	 
	K0
	mappingType
	startSymbolAndLength

	Entry 1
	2
	-
	-

	Entry 2
	3
	-
	-

	Entry 3
	4
	-
	-

	Entry 4
	6
	-
	-


Proposal 14: different set of k0/k1/k2 values can be configured to the UE for adaptation in processing timeline.
Proposal 15: different TDRA tables can be configured for the UE and DCI or MAC CE signaling can be used to indicate which TDRA table is to be used.
2.5. Adaptation framework

As discussed in previous meeting and also mentioned above, there are schemes in different dimensions for UE’s traffic and power consumption adaptation. To manage these power adaptation tools, it is benefit to package the related parameters setting into different power setting profiles as proposed in [3]. The network can pre-configure these profiles to the UE before data transmission. Fast transition among different profiles to adapt to different traffic requirement is beneficial for power saving thus we propose to support dynamic power setting profile switching. On the other hand, the UE can send some assistance information on the use of the power setting profile. For example, when the UE is in low-battery state, it can report to the gNB its preferred power setting profile to the network.  Similarly, fast reporting of the preferred power setting profile with e.g., layer 1 signaling is also beneficial. 
Proposal 16: use power setting profile to manage the power consumption adaptation.
Proposal 17: support fast power setting profile switching and reporting.

It is noted that power setting profile can be served as one basic tool for power adaptation which corresponds to the semi-static granularity parameters setting. On the basis of that, some of the parameters can be refined or adjusted based on real-time service requirements or the terminal battery states. In such case, the network can modify some of the parameters within the profile with e.g. layer 1 signal such as preamble, SRS etc.
Proposal 18: power setting parameters can be adjust much dynamically on the basis of power setting profile.
3. Conclusions
In this contribution, the UE’s adaptations in time/frequency/antenna/processing timeline were discussed and the power saving gain of different adaptation schemes were studied. Based on the discussion,  we have the following observations and proposals:

Observation 1: Waking up scheme for DRX can bring in significant power saving gain for sparse traffic.
Observation 2: significant power saving gain can be achieved by DRX parameter adaptation. 
Observation 3:  PDCCH skipping on top of DRX can bring in significant power saving gain
Observation 4: multiple BWP operation needs to be supported by the UE for Pre-CSI measurement in the target BWP.
Proposal 1: Waking up scheme for DRX shall be studied and supported.
Proposal 2: study L1 signaling based DRX configuration adaptation scheme.

Proposal 3: study autonomous DRX configuration adaptation scheme based on the service type.
Proposal 4: L1 signaling such as power saving signal (if introduced), DCI or Layer 2 MAC CE could be used for PDCCH search space configuration switching. 

Proposal 5: timer-controlled PDCCH search space switching could also be supported.

Proposal 6: indicating the UE to skip PDCCH monitoring for a time duration shall be supported.
Proposal 7: autonomous PDCCH monitoring adaptation based on traffic scheduling could be supported.
Proposal 8: waking up scheme for PDCCH monitoring shall be studied considering the compromise between the power saving gain and the system overhead.
Proposal 8: waking up scheme for PDCCH monitoring shall be studied considering the compromise between the power saving gain and the system overhead.
Proposal 9: study the benefit of dormancy carrier for NR.
Proposal 10: support L1 signaling based carrier state transition among active, deactivated and dormancy (if introduced).

Proposal 11: study switching UE’s DL BWP by triggering CSI measurement in the target DL BWP.
Proposal 12: Son-BWP can be configured for one BWP to facilitate fast BWP adaptation.

· The BWP and its son-BWP has the same center frequency and the same subcarrier spacing but different bandwidth.
Proposal 13: It can be based on UE’s implementation to select the RX antenna number for some operation such as RRM measurement/cell search. 

Proposal 14: different set of k0/k1/k2 values can be configured to the UE for adaptation in processing timeline.
Proposal 15: different TDRA tables can be configured for the UE and DCI or MAC CE signaling can be used to indicate which TDRA table is to be used.

Proposal 16: use power setting profile to manage the power consumption adaptation.
Proposal 17: support fast power setting profile switching and reporting.

Proposal 18: power setting parameters can be adjust much dynamically on the basis of power setting profile.
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