[bookmark: _GoBack]3GPP TSG-RAN WG1 Ad-Hoc Meeting 1901	R1-1901121
Taipei, Taiwan, 21st – 25th January, 2019

Source:	Panasonic
Title: 	Discussion on UE traffic adaptation procedures
Agenda Item:	7.2.9.2.2
Document for:	Discussion
Introduction
In the previous meeting, the agreements captured in the appendix were achieved regarding the triggering adaptation of UE power consumption characteristics [1].
In our companion contribution [2], the traffic adaptation features for power saving are discussed. This contribution provides our views on procedure to make the power utilization efficient.
Discussion

On power saving signal/channel design
As an important step of triggering UE traffic adaptation, the power saving signal/channel has been mentioned and utilized for discussion regarding more detailed triggering adaptation operation. From the agreement of the previous meeting, the following possibilities for power saving signal/channel were identified for further study:
· Existing signal/channel based power saving signal/channel
· PDCCH channel
· TRS, CSI-RS type  RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 

To analyse the pros and cons of sequence-based and PDCCH-based options, Table.1 gives more detailed discussion.
Table. 1 Pros and Cons comparison for sequence-based and PDCCH based options of power saving signal/channel
	
	Pros
	Cons

	Sequence-based
	· Lower detection complexity
· More flexible UE multiplexing with CDM manner and configuration of UE-specific and group-common sequence index 
	· Lower detection reliability without CRC protection 
· Specification efforts to define new sequences and resources if sequence itself needs to carry new message for triggering adaptation
· Indication carrying capability is low
· Forward compatibility is low due to difficult to extend with new indication bits

	PDCCH-based
	· Higher reliability with CRC protection
· Specification efforts is smaller with new fields definition
· Flexible indication capability to incorporate different fields for different needs
· Forward compatibility is good and easy to extend for new indication
	· A bit higher detection complexity since channel decoding is needed
· UE-specific or group-common specific type of DCI can be used. Thus UE multiplexing flexibility is not as high as sequence-based option.



To compare the UE detection complexity and power consumption of PDCCH-based and sequence-based method, the following estimation can be observed based on the agreed power model: 
For PDCCH-based method, if we assume FR1:
· PDCCH-only for same slot scheduling = PDCCH_buffering_and_preprocessing + Blind_decoding + PDSCH_buffering = 100
· If α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0), P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt = 70 + α ∙ 30, where Pt = 100.
· Thus for pure Blind_decoding = 30,
· PDCCH-only for cross-slot scheduling = PDCCH_buffering_and_preprocessing + Blind_decoding = 70
· Thus PDCCH_buffering_and_preprocessing = 40
· If assuming two OFDM symbol PDCCH, the PDCCH-based power saving signal/channel detection power consumption is 40 ~ 70, which depends on the designed blind detection times.
For sequence-based method, if we assume FR1:
· The power consumption of SSB or CSI-RS processing can be utilized as reference. Thus 2 SSB processing in a slot = 100. This mean 100 units are needed to process 8 symbols.
· Thus depending on the designed message carrying capability and UE multiplexing capability, if a 4 symbol power saving signal/channel is assumed, around 50 units are needed.
Therefore, from the above rough analysis, the UE detection efforts in terms of power consumption should not make huge difference between sequence-based and PDCCH-based method, although intuitively the complexity of PDCCH blind decoding can be higher. It is noted that, as an UE implementation option, DM-RS sequence correlation in PDCCH can be performed when further power reduction is required in PDCCH-based method. In this case, if and only if the DM-RS sequence correlation passes a certain threshold or the channel estimation from DM-RS shows good enough channel status, PDCCH decoding is carried out.
In our companion paper [2], in case of mis-detection happens for the power saving signal, it is proposed that the UE default behavior should be monitoring the PDCCH during DRX_ON. This relaxes the reliability of power saving signal and provides more flexibility to gNB. Otherwise, if UE default behavior is not to wake up and to skip PDCCH monitoring during DRX_ON, network always needs to send power saving signal with high power for the reliability. From UE perspective, for the judgement of mis-detection or not, CRC is very useful. When CRC protected signal indicates UE can sleep, UE safely assumes there will be no scheduling. If CRC protection is not available, UE should wake-up more often for taking into account the possibility of mis-detection. Mis-detection causes incorrect PDCCH monitoring skipping when gNB does indicate traffic and it has large impact on the latency and user experience.
If the power saving signal/channel only fulfills simplest functionality with just ON/OFF switching, sequence-based option can be still possibility. However, as can be seen in all the previous discussion, more functionalities are under discussion for efficient triggering adaptation. As presented in the Table.1, PDCCH-based method has more advantages in supporting more reliable power saving signal/channel with flexible indication and forward compatibility. The UE multiplexing can be realized by TDM, FDM or group-common DCI design manners where multiple UE's power saving signal are mapped on one DCI like TPC command.
Based on the analysis, PDCCH-based method is more desirable:
Proposal 1: PDCCH-based design principle should be utilized for power saving signal/channel.
To achieve more reliable detection, the legacy SSB, TRS, CSI-RS type RS, and PDCCH DMRS can also be used to assist the detection. This can be achieved by proper resource linkage configuration of power saving signal and all these channel/RS, in the condition that these channel/RS do not carry any new indication. The specification efforts of designing power saving signal-channel does not require considering new RS and sequence in our understanding.
 
On triggering UE adaptation to DRX operation
Configuring power saving signal/channel along with DRX configuration is a typical manner for triggering adaptation. How the UE behaves based on the detection of power saving signal/channel is also discussed in our companion paper [2].
For better traffic adaptation, the DRX configuration or parameter can be adjusted by gNB. To assist the adaptation, from the UE side, if the traffic characteristic information is available, UE assistance information can be reported to facilitate the gNB for more efficient estimation on more appropriate DRX configuration, which can have better tradeoff of power saving and traffic latency requirement. The concrete parameters and contents to facilitate the adaptation of DRX and other aspects, e.g. BWP and MIMO can be considered together for UE assistance information reporting.
Another consideration is regarding how DRX operation can be better adapted to UL-driven traffic. In Figure.1, new traffic arrives near the end of UE active period but UE has no chance to send SR or BSR. It is possible that the gNB’s understanding is it has already cleared all the UL traffic buffer and no need to schedule the UE again to start the drx-Inactivity timer. Then naturally, although UE can send SR at the next available opportunity, the UE will not expect any further scheduling and then go to sleep during DRX_OFF period. In the next DRX cycle, gNB can indicate with power saving signal/channel that the UE should not skipping next DRX_ON period. Then the UL traffic can be scheduled. In this case, the UE needs to go through unnecessary transition to sleep with ramp-down/up overhead, which is power consuming. When DRX cycle is configured long for example 620ms, such transition leads to unacceptable latency and impact on user experience.

                                                                               Figure.1 Example of issue on UL traffic adaptation to DRX

Hence it is beneficial to enable UE send request to gNB to extend the active period and gNB could either confirm to extend the active period or choose to decline and make UE go to sleep, which is up to gNB implementation.
On the other hand, during the DRX_ON period, if UE thinks it is not necessary to stay active to monitor PDCCH, it may send request to go to sleep to gNB to save power. In this case, the gNB may choose to confirm UE to go to sleep and save power or continue to make UE stay active if e.g. there is still some DL traffic to schedule. Although this function is already supported by MAC, L1 based signaling can indicate faster.
Thus, more dynamic assistance information from UE and gNB can provide more efficient traffic adaptation on top of the DRX configuration.
Proposal 2: It is proposed to study procedure in support of more dynamic adjustment of DRX_ON period for better traffic adaptation. DRX_ON extension request, go-to-sleep request from UE and go-to-sleep indication from gNB can be starting points.

On power saving signal/channel in triggering adaptation to UE processing
Some potential UE assistance information were also identified to assist network in configurations for UE adaptation. The main philosophy is that UE reports certain preferred configurations or scheduling parameters for gNB to consider and gNB could potentially trigger corresponding adaptation. Our views on some of the candidates for reporting and triggering adaptation are below:
· UE dynamic preferred processing timeline parameters. In our opinion, the usage of K0, K1 and K2 values should firstly meet the latency requirement of the running traffic. In the condition of that, if UE anyway needs to stay active within a certain length of UE active time, using lower voltage and frequency (DVSF) enabled by relaxed K0, K1 and K2 values is beneficial for power saving. On the other hand, a counter strategy for saving power could be to process faster in the active slots and to minimize the active period. In principle, the latter option is more efficient by earning more sleep time if the traffic buffer is already there and can be cleared as fast as possible. However, which strategy is utilized by gNB also depends on the actual traffic characteristic, channel condition and system load. These factors should be considered by gNB whether it is beneficial to lower the UE capability and whether to introduce new procedure to acquire alignment between gNB and UE by additional effort of interaction. If all the information are available at gNB side including the UE capability to support lower processing capability using DVSF, the UE dynamic assistance information reporting and triggering by the gNB may not be necessary. However, depending on the scenario and use cases, if certain information is only accurately achievable at the UE side and beneficial to report to gNB to facilitate the scheduling, we are open to discuss the potential enhancement. Same logic also applies to MIMO/antenna related reporting and configuration.

Observation 1: For dynamic UE capability and processing adaptation, the use cases and scenarios need to be studied before the detailed solution for interaction between UE and gNB.

· UE preferred BWP information/configuration and assistance in BWP switching. Adaptation of utilizing suitable BWP for traffic is generally reasonable principle for power saving. However, whether and how UE report is used to assist the BWP adaptation need further discussion. From a single UE point of view, always proposing a larger BWP and clearing the DL and UL buffer as fast as possible is the most power saving option for data channels. Therefore, it needs further clarification and discussion on how the UE calculates the reasonable BWP related parameters.
Proposal 3: With regard to BWP adaptation, UE assistance reporting procedure and contents need further discussion on which parameters to transmit and how the suitable BWP is identified.

Conclusions
This contribution provide our considerations on the traffic adaptation procedure design. The follow conclusions are summarized below:
Proposal 1: PDCCH-based design principle should be utilized for power saving signal/channel.
Proposal 2: It is proposed to study procedure in support of more dynamic adjustment of DRX_ON period for better traffic adaptation. DRX_ON extension request, go-to-sleep request from UE and go-to-sleep indication from gNB can be starting points.
Observation 1: For dynamic UE capability and processing adaptation, the use cases and scenarios need to be studied before the detailed solution for interaction between UE and gNB.
Proposal 3: With regard to BWP adaptation, UE assistance reporting procedure and contents need further discussion on which parameters to transmit and how the suitable BWP is identified. 
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Appendix
Agreements:
The power saving signal/channel for UE adaptation includes the following signals/channels for further study
· Existing signal/channel based power saving signal/channel
·  PDCCH channel
· TRS, CSI-RS type  RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  
· Network resource overhead  
· Resource and/or periodicity of power saving signal/channel
· Multiplexing capability
· Usage of resource
· Coexistence/multiplexing with existed signal/channel of Rel-15
· UE-specific, group-specific, cell-specific power saving signal/channel
· Detection performance
· Complexity
· Power consumption of the power saving signal/channel

Agreements:
· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.
· Other schemes are not precluded

Agreements:
· The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study  is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.
· Other schemes are not precluded

Agreements:
· The power saving signal/channel in trigger UE frequency domain processing adaptation for further study is the power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI measurents, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.
· Other schemes are not precluded

Agreements:
For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  
· Other schemes are not precluded
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