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1. Introduction

During RAN1#94bis meeting, various schemes for UE adaptation to the traffic and UE power consumption have been discussed and the following has been agreed.   
Agreements:

At least the following powers saving techniques are to be further studied (including detailed scheme, performance, complexity, overhead, etc.
· Time domain 

· Cross-slot scheduling – enhancement from Rel-15

· Multi-slot scheduling 

· Slot aggregation– enhancement from Rel-15

· DRX configuration – C-DRX enhancement

· Dynamic Adaptation in configuration

· Adaptive parameters 

· Frequency domain 

· BWP – enhancement of dynamic switching from Rel-15

· RS (including SRS) configuration for channel tracking, CSI measurements etc.

· Efficient configuration/switching 

· Association with DRX

· CA/DC

· Quick activation/de-activation (e.g.,L1 signaling, MAC signaling) 

· Efficient configuration of SCell

· E.g., Power saving with CSI/RRM measurements and beam management only but no PDCCH monitoring before activation (SCell dormancy) 

· Antenna domain 

· Antenna adaptation

· Adaptation of number of panels/antenna with consideration of aspects, such as CSI measurements (for both Rx/Tx) 

· Adaptation multi-antenna processing 

· UE processing time 

· Adaptation in UE processing time 

· Timeline relaxing of UE processing 

· Reduce PDCCH Monitoring

· Reduced number of PDCCH processing

· Further reduce the number of PDCCH blind decoding 

· Adaptation in CORESET, search space, PDCCH candidate, AL, CCE, DCI formats/RNTI monitoring

· UE/Network Assistant Information 

· Adaptive configured parameters 

· Association with C-DRX

· Network assistance

· Decoupling of DL and UL grant 

· Configured RS for channel tracking and estimation 

· Assistant information for adaptation

· UE assistance:  UE assistant information/feedback used for adaptation in some domains

· Adaptation profile 

In this contribution, we further discuss the UE adaptation schemes to the UE’s traffic and power consumption in detail and show our views.
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 monitoring 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 last RAN1 meeting. The benefit for power saving of such schemes can be expected, while the detailed gain can be further investigated. If there is no obvious system overhead and system performance degradation due to the introduction of the waking up scheme, it shall be supported in Rel-16 NR power saving. The key point herein is the power-saving signal/channel design. In our companion contribution [4] the detailed considerations of the power-saving signal/channel design are presented.
Proposal 1: Waking up scheme for DRX shall be supported if the power saving gain is proved and no obvious system overhead and system performance degradation are introduced.
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 kinds of services requirement. Fast DRX configuration adaptation scheme would better match different services at different time thus it is beneficial for UE’s power saving.
One DRX configuration adaptation scheme is based on 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 is corresponding to one services type. Based on the UE’s service type to be handled, the UE and network autonomously adapt the DRX configuration.      
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. PDCCH monitoring adaptation can further optimize UE’s power. 

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 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 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.
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 adjusting the PDCCH monitoring based on one baseline PDCCH search space configuration. For example, when the UE performs PDCCH monitoring basing on a PDCCH search space configuration, when for a while the UE has no traffic or the UE’s data packet being processed in the scheduling queue, the gNB could indicate the UE to skip PDCCH monitoring for that time duration as illustrated in Figure 2. It is noted that the scheduler has enough knowledge and could decide how long the UE could skip the PDCCH monitoring. For example, it can be determined basing on UE’s traffic statics or latency requirement or the length of the scheduling queue. Such kinds of skipping information can be encoded in the scheduling DCI. 
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Figure 2: indicaton to skip PDCCH monitoring

Proposal 6: indicating the UE to skip PDCCH monitoring for a time duration could be supported.
For UE’s services that are not latency sensitive such as the background services such as wechat, a PDCCH search space configuration with long PDCCH search space 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 burst arriving, it may need to be transmitted with several PDCCH periodicities and the latency incurred is too long to be accepted. To solve this issue, one method can be considered is to indicate the UE to monitor PDCCH for an additional time duration. Or by default the UE could decide to monitor PDCCH for additional time duration autonomously once the UE receive one scheduling grant within its normal PDCCH search space. A second PDCCH search space could be configured to facilitate UE’s additional PDCCH monitoring.  Figure 3 below show one example of such operation.   
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Figure 3: additional PDCCH monitoring on the basis of normal PDCCH search space

Proposal 7: additional PDCCH monitoring on the basis of one normal PDCCH search space configuration 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 capacity. Therefore, when the data packet arrives, the network can schedule the data on multiple component carriers simultaneously to boost the transmission peak data. When the load is low for the UE, the UE can only be scheduled on one of the serving cell, e.g., the Primary serving cell. For the purpose of power saving, it is beneficial to fast deactivate the secondary serving cells when there is no or little traffic load for the UE and when the traffic arrives, multiple carriers could be activated. 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 active, 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 active, 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 delay is in between 400us and 2000us depending on the specific configurations of the source BWP and the target BWP. 

During RAN1 meeting 94bis, Pre-CSI measurement on the target switching BWP had been proposed. 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, the spectrum efficiency is expected to be improved. However, in Rel-15the UE is only expected to be configured to do CSI measurement within the bandwidth of active BWP. In order to support Pre-CSI measurement in the target BWP, for the time duration before BWP switching the UE may needs to do CSI measurement within the source BWP and the target BWP simultaneously once pre-measurement is triggered . One concern for such operation is the increase of the UE’s implementation complexity. Another drawback is the additional power consumption for pre-CSI measurement; it needs to evaluate and compare the gain and pains of such schemes.

Proposal 11: Pre-CSI measurement can be supported only when the UE’s complexity issue is addressed.

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 some flexibility for 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 show 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 some 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 clock frequency 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 for PDSCH, a large minimum k1 value shall be guaranteed.

In order to support adaptation in processing timeline, e.g., for support different services transmission latency requirements, the UE can be configured with different timeline parameters e.g., as listed in the following Table 1a and Table 1b. For the time while when UE only has survives not latency sensitive, a set of relaxed timeline parameters 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 set of timeline parameters with minimum k0/k1/k2 equaling to 0(e.g., as shown in Table 1a) can be used,. 

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.

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 packet 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 15: use power setting profile to manage the power consumption adaptation.
Proposal 16: support fast power setting profile switching and reporting.

It is noted that power setting profile can be served as one baseline for power adaptation which corresponding 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 17: power setting parameters can be adjust 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 followings are proposed:

Proposal 1: Waking up scheme for DRX shall be supported if the power saving gain is proved and no obvious system overhead and system performance degradation are introduced.
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 could be supported.
Proposal 7: additional PDCCH monitoring on the basis of one normal PDCCH search space configuration 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 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: Pre-CSI measurement can be supported only when the UE’s complexity issue is addressed.

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

Proposal 17: power setting parameters can be adjust on the basis of power setting profile.
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