[bookmark: historyclause][bookmark: _Toc383764588]3GPP TSG RAN WG1 Meeting #98                                                                    R1-1908393
Prague, CZ, August 26th – 30th, 2019

Agenda Item: 7.2.9.1
Source: MediaTek Inc.
Title: Ramaining details on power saving signal/channel
Document for: Discussion and Decision
Introduction
In RAN1 #97 meeting, the following agreements regarding power saving signal/channel were made.
Agreements:
The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON
· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space
· FFS: The value and the range of offset

Agreements:
For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC
· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information
· FFS the new DCI format
· Note: the same DCI may carry power saving information for one or more UEs

Agreements:
The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing the existing field(s), if identified, when UE is in the Active Time.     
· It applies to UE-specific search space.  
· It is FFS for the common search space.
· The at least one power saving technique(s) includes at least “Cross-slot scheduling”
· FFS: Which existing DCI formats includes the power saving information
· Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)
· Use of non-scheduling DCI formats.
· It is FFS which field(s) is used to be repurposed for the indication of the power saving technique if the repurpose of existing field(s) is used.
· FFS: New DCI format with size aligned with existing DCI format

Agreements:
A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured
· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel


	

Agreements:
Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time
· Following the principle of Rel-15 search space configuration
· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time
· FFS whether UE can further monitor the search space set(s) inside Active Time

Agreements:
· The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 
· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 
· FFS whether or not to increase the number of CORESETs relative to that in Rel-15
· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel

Agreements:
One or more PDCCH monitoring occasion of PDCCH-based power saving signal/channel is supported outside Active Time
· FFS: Whether the monitoring occasions of the  PDCCH-based power saving signal/channel in the same slot or not for multiple monitoring occasions
· FFS: whether the monitoring occasions are via search space set(s), CORESET(s), a combination thereof, etc.

Agreements:
· For outside Active Time, up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with each CORESET associated with its TCI state and QCL assumption
· FFS details
· FFS whether any other additional handling is necessary for FR2 w.r.t. TCI state, and if so, how
Agreements:
Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 
· FFS a single vs. multiple durations, particularly checking consistency with RAN2 agreements
Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):
Indicating UE to use the aperiodic RS
Aperiodic CSI-RS 
Aperiodic SRS
TRS
Triggering aperiodic CSI report
Cross-slot scheduling
Rel-15 DCI-based BWP switching
The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).


In this work, we provide our views on the remaining details of power saving signal/channel. In Section 2, the UE behaviour on power saving signal/channel monitoring and CORESET/search space configurations are discussed. Section 3 further considers the DCI contents for triggering potential power saving techniques outside and inside Active Time. Finally, Section 4 summarizes how to incorporate power saving signal/channel with Rel-15 BWP adaptation framework.


Power saving signal/channel monitoring and CORESET/search space configurations
In Rel-16, two types of power saving signal/channel are introduced for the following purposes.
(1) For the power saving signal/channel monitored outside Active Time, it is used to trigger UE to or not to monitor PDCCH in the subsequent DRX OnDuration.
(2) Within Active Time, UE monitors enhancement of scheduling DCI for adaptation triggering.

For triggering adaptation within Active Time, the UE monitoring behaviour can follow the principle of Rel-15 PDCCH. But for the power saving signal/channel monitored outside Active Time, there are many remaining details should be discussed.

DRX impact on power saving signal/channel
One FFS in RAN1 #97 meeting is whether UE monitors power saving signal/channel for wakeup inside Active Time. As illustrated in Figure 1, when the monitoring occasion(s) of power saving signal/channel overlaps with inactivity timer or retransmission timer of DRX, the monitoring behaviour should be defined. In our opinion, there is no need to monitor it inside Active Time. The power saving signal/channel for wakeup is introduced to eliminate unnecessary PDCCH monitoring in data inactive time. Inside Active Time, we can expect that there is high probability that UE will receive data. Consequently, it is not the use case for power saving signal/channel and its benefit might be small.

[image: ]Figure 1. Illustration of overlap between power saving signal/channel and inactivity timer

Another similar issue is whether power saving signal/channel can trigger UE to skip PDCCH monitoring in DRX short cycle. In general, DRX short cycle is for data reception, therefore, it is also not the use case for power saving signal/channel.

[bookmark: _Ref16770863]Observation 1: The target of power saving signal/channel for wakeup is to reduce the unnecessary PDCCH monitoring during data inactive time. Therefore, it can be expected that the benefit for monitoring it inside Active Time or before DRX short cycle will be small.

[bookmark: _Ref16770872]Proposal 1: Power saving signal/channel for wakeup is only monitored outside Active Time.
[bookmark: _Ref16770882]Proposal 2: Power saving signal/channel is only associated with DRX long cycle.

Power saving signal/channel monitoring in case of CA and/or multiple BWPs
The UE power consumption is increasing with the increase of configured number of CC. The power saving gain is huge by applying the power saving techniques in all activated cells. For example, when there is no data intended for UE, the power saving signal/channel triggers UE to skip PDCCH monitoring in the corresponding DRX OnDuration in PCell and activated SCells. The following alternatives can be considered to realize the adaptation triggering in all activated cells.
· Alt 1) UE monitors power saving signal/channel in each cell for carrier-specific adaptation triggering.
· Alt 2) UE monitors power saving signal/channel in PCell/PSCell only. The adaptation triggering of SCell(s) is explicitly or implicitly signalled from PCell/PSCell.

We prefer Alt 2 because it can help to reduce UE power consumption in monitoring power saving signal/channel. Compared to Alt 1, UE monitors the signal/channel in a narrower bandwidth in Alt 2, e.g., PCell/PSCell only. Besides, considering the useful scenario that PCell/PSCell in FR1 while SCell(s) in FR2, it is more robust to signal the adaptation triggering of SCell(s) in PCell/PSCell.

[bookmark: _Ref16892034]Observation 2: It is more robust to signal the adaptation triggering of SCell(s) in PCell/PSCell especially in the useful scenario that PCell/PSCell in FR1 while SCell(s) in FR2. The signaling is explicit or implicit can be further studied.

[bookmark: _Ref16770904]Proposal 3: Power saving signal/channel is only monitored in PCell/PSCell.

When multiple BWPs are configured, one question is whether power saving signal/channel is configured in every BWP. In our opinion, it is sufficient to only monitor power saving signal/channel in one BWP, e.g., default BWP, to save RRC signaling. The power saving signal/channel is used to save UE power in data inactive time, therefore, it is reasonable to monitor the signal/channel in default BWP only. UE goes back to default BWP when BWP timer expires, i.e., there is no data activity for a period of time. And the default BWP can be configured with a small bandwidth to further save UE power in monitoring the signal/channel.

[bookmark: _Ref16770914]Proposal 4: Power saving signal/channel is configured to be monitored in one BWP.

CORESET/search space configurations
It was agreed that new DCI format is introduced for power saving signal/channel outside Active Time, but it is FFS the DCI format is applied to CSS or USS or both. Considering the NW flexibility to minimize the resource overhead for power saving signal/channel, in our view, the DCI format can be monitored in CSS with configurable format size. One DCI can carry the power saving information to one or multiple UEs. The format size can be adjusted according to the UE number in a group. If none of UEs in a group should be woken up, NW doesn’t have to transmit the power saving signal/channel to save resource overhead. And when UE does not detect the power saving signal/channel, it assumes there is no PDCCH monitoring needed in the subsequent DRX OnDuration.

[bookmark: _Ref16770921]Observation 3: Configurable DCI format size for power saving signal/channel outside Active Time is helpful to minimize the resource overhead and to allow backward compatibility for later release to introduce more power saving techniques.

[bookmark: _Ref16770929]Proposal 5: Support configurable DCI format size for power saving signal/channel outside Active Time.

Another FFS regarding search space configurations is how to configure the monitoring occasion(s) for power saving signal/channel. In Rel-15, PDCCH monitoring slot is specified by RRC parameter monitoringSlotPeriodicityAndOffset, but the value range is not aligned with DRX cycle. One way is to extend the value range of monitoringSlotPeriodicityAndOffset to support power saving signal/channel monitoring. However, it is not so easy because the DRX cycle is provided in “ms” while the monitoringSlotPeriodicityAndOffset is provided in “slot”. Another way is to introduce an offset in search space configuration to indicate the offset between the slot of power saving signal/channel and the first slot of DRX OnDuration. The offset should be large enough to leave sufficient time for UE to transit from outside Active Time to Active Time.

[bookmark: _Ref16770949]Proposal 6: Introduce a RRC parameter in search space configuration to indicate the slot offset between power saving signal/channel and the first slot of DRX OnDuration.

Reliability of power saving signal/channel in FR2
In RAN1 #97 meeting, there were a lot of discussions on how to ensure the reliability of power saving signal/channel in FR2. In general, there are two alternatives to resolve this issue. One is to allow beam sweeping for power saving signal/channel, the other is to increase the CORESET number per BWP such that power saving signal/channel can be transmitted in more beams. Generally, the TCI state for monitoring power saving signal/channel or normal PDCCH will be updated frequently to maintain the link quality if the beam changes fast. By applying frequent beam update, whether the reliability is still an issue should be studied carefully before reaching a conclusion on the solution. Besides, the UE power consumption due to frequent beam update should be analysed as well. When the beam varies quickly, the NW has to often wake up UE to receive MAC CE for TCI state update. As a result, UE cannot save power even though there is no traffic intended for it. If this is an issue, how to optimize the UE power consumption in FR2 should be further studied.

[bookmark: _Ref16770955]Observation 4: FFS whether the TCI state is updated frequently before reaching a conclusion on how to ensure the reliability of power saving signal/channel in FR2. If the TCI state is updated by MAC CE frequently to maintain the link quality, there may be no use applying the power saving signal/channel. How to realize the benefit of power saving signal/channel in this scenario should be studied.
DCI format of power saving signal/channel
Power saving signal/channel outside Active Time
DCI bit number per UE
Reducing the information bit number is effective to achieve the target miss detection rate 0.1 % without changing the coding chain and increasing the signaling overhead. Figure 2 evaluates the PDCCH decoding performance with different DCI format sizes. As shown in Figure 2, compared to DCI-12, the performance gains for DCI-1 and DCI-6 are around 1 dB and 0.5 dB, respectively. The additional gain is achieved by appending 12-N known bits to allow receiver to exploit the a priori when the DCI format size N is smaller than 12. From the results, it is beneficial to limit the information bit length per UE up to 6 bits. If there is single UE in a group, then it is up to UE implementation to exploit the known bits to improve performance. If there exists multiple UEs in a group, this also leads to an acceptable DCI format size and resource overhead.
[image: ]
Figure 2. Performance of power saving signal/channel with different DCI format sizes

[bookmark: _Ref7793871][bookmark: _Ref7844248][bookmark: _Ref16805031][bookmark: _Ref16770964]Observation 5: It is beneficial to limit information bit length per UE up to 6 bits so as to realize 0.5~1.0 dB performance advantage when the DCI format size N is configured to be smaller than 12. For the unused 12-N bits, a known value can be set to allow receiver to exploit the a priori to improve the performance. 

DCI contents
The following discusses the necessities of potential power saving techniques which may be included in DCI contents. And Table 1 summarizes the DCI contents.

Wakeup: 1 bit
It is used to trigger UE to or not to monitor PDCCH in the subsequent DRX OnDuration.

BWP index: 2 bits
It should be included when multiple BWPs are configured. From the results in [3], we conclude that the adaptations in frequency, time and antenna domains provide larger power saving gains. One way to realize joint adaption in multiple domains and accommodate to different traffic characteristics is to exploit the BWP framework. We propose that the BWP switching can be triggered by power saving signal/channel in Rel-16. The data interruption due to BWP switching is avoided because the switching is completed before data scheduling.

Trigger RS transmission including A-CSI-RS, TRS and A-SRS triggering and A-CSI reporting: 3 bits
In Rel-15, the aperiodic RS is triggered by scheduling DCI. If power saving signal/channel can trigger aperiodic RS outside Active Time when there is data scheduling or when reporting is required, it improves data scheduling from the beginning of DRX OnDuration and therefore improves the spectral efficiency. When aperiodic RS is triggered, it should be noted that the timing offset between power saving signal/channel and RS should be no smaller than BWP switching delay. A-SRS triggering field is optional depending on whether it is configured or not.







[bookmark: _Ref7793942]Proposal 7: Table 1 defines the DCI contents for power saving signal/channel outside Active Time.
[bookmark: _Ref7592468][bookmark: _Ref7794065]Table 1. DCI contents for power saving signal/channel
	Adaptation
	Bit number

	
	

	Wakeup 
	1

	BWP index*
	2

	Aperiodic RS transmission triggering and A-CSI report
	3

	Note*: 
· This field exists when multiple BWPs are configured
· Max. number of MIMO layer and same-slot/cross-slot scheduling can be adapted by BWP switching



Power saving signal/channel inside Active Time
In RAN1 #97 meeting, it was agreed that the scheduling DCI inside Active Time can trigger adaptation of same-slot/cross-slot scheduling. But how to carry the information is FFS. In general, there are two alternatives: one is to add new field, e.g., a power saving field, and the other is to repurpose the existing field. Because the required bit number is few, e.g., 1 bit, its impact on the performance of scheduling DCI is small. It is easier to add a new field directly than to repurpose the existing field. In our view, the new field can trigger UE to enter or leave a power saving state. In Rel-15, the power saving state includes the same-slot/cross-slot scheduling adaptation only. But in the future release, it can be used to introduce more fast adaptations for UE power saving within one BWP. When multiple BWPs are configured, the DCI fields of BWP index and power saving field can cooperate together. The BWP index and power saving field are used to trigger fast adaptation(s) across BWPs and within one BWP, respectively. When both fields are indicated, the power saving bit triggers the fast adaptations in target BWP.

[bookmark: _Ref16772118]Proposal 8: For triggering adaptation of same-slot/cross-slot scheduling inside Active Time, a new field, e.g., power saving field, with 1 bit is introduced in scheduling DCI.

Another remaining issue regarding adaptation triggering within Active Time is whether fallback DCI format can be used for triggering. We don’t support to carry power saving information in fallback DCI format. The reasons are listed below.
· Fallback DCI format is used to ensure the coverage. In general, it does not support advanced features, e.g., BWP switching. And it is not reasonable to enable UE power saving feature when UE is in a bad channel condition. 
· In addition, if a new field is introduced to trigger fast adaptation in fallback DCI format, the DCI size budget for C-RNTI may not be fulfilled. In Rel-15, in the following case, the fallback DCI format size in CSS and USS will be aligned by changing FDRA bitwidth of fallback DCI format in USS when the DCI size budget exceeds.
· Fallback DCI format is configured to be monitored in both CSS and USS
· Non-fallback DCI format is configured to be monitored in USS
· Note: fallback DCI format size should not be changed to ensure the legacy UE and new UE can share the same DCI.
The above mechanism should be re-examined if fallback DCI format with adding a new field is allowed.

[bookmark: _Ref16894126]Observation 6: Fallback DCI format is not appropriate for triggering power saving techniques due to conflicting use cases. In general, fallback DCI format is used when UE is in bad channel condition which is not the target scenario for UE power saving. 
[bookmark: _Ref16772122]Proposal 9: Fallback DCI format is not supported for triggering adaptations of power saving techniques inside Active Time.

If fallback DCI format is not allowed to trigger power saving adaptation, UE cannot resume the data reception state when PDSCH is scheduled by it. To resolve this, we propose that the reception of fallback DCI format can implicitly trigger UE to switch from power saving state, e.g., cross-slot scheduling, to data reception state, e.g., same-slot scheduling.

[bookmark: _Ref16772127]Proposal 10: The reception of fallback DCI format triggers UE to resume data reception state.

Cooperation of power saving signal/channel and BWP framework
BWP-based adaptation cooperated with power saving signal/channel can be considered to realize the UE adaptation. Figure 3 illustrates an example where 2 BWPs are configured. The BWP settings in BWP #0 and BWP #1 are optimized to accommodate to different services or traffic characteristics. 

[bookmark: _GoBack]Outside Active Time, UE monitors power saving signal/channel in BWP #0. When there is data intended for UE, power saving signal/channel triggers UE to stay in BWP #0 or switch to BWP #1 for data reception depending on the data amount. Because the BWP switching is completed before DRX OnDuration, the data interruption time due to BWP switching delay is avoided. Moreover, when the packet size is large, aperiodic RS can be triggered to allow better data reception from the beginning of DRX OnDuration. The time offset between power saving signal/channel and aperiodic RS should be bigger than BWP switching delay. When the packet size is small, power saving signal/channel can indicate UE to receive data in a small bandwidth to optimize UE power saving. 

Within Active Time, the fast adaptations in multiple domains, e.g., bandwidth, switch of cross-slot/same-slot scheduling and PDCCH periodicity, can be realized by BWP switching in current BWP framework. Moreover, as illustrated in Figure 4, in Rel-16, the scheduling DCI can also carry a power saving field to trigger fast adaptation of same-slot/cross-slot scheduling within one BWP.
[bookmark: _Ref5187093]
[bookmark: _Ref7845489]Observation 7: Power saving signal/channel and BWP framework together provide an efficient realization for adaptation over RF and baseband parameters, including bandwidth, max MIMO layer number, cross/same-slot scheduling, PDCCH monitoring settings and SCell operations, etc.
          [image: ]
[bookmark: _Ref5058818]Figure 3. Illustration of cooperation between BWP framework and power saving signal


[image: ]
Figure 4. Illustration of dynamic adaptation within one BWP

Conclusions
In this contribution, we discuss the remaining details on power saving signal/channel, including its monitoring, search space configurations and DCI contents. Moreover, the cooperation of power saving signal/channel and BWP framework is provided. Based on the discussions, we have the following observations and proposals.

Observation 1: The target of power saving signal/channel for wakeup is to reduce the unnecessary PDCCH monitoring during data inactive time. Therefore, it can be expected that the benefit for monitoring it inside Active Time or before DRX short cycle will be small.

Proposal 1: Power saving signal/channel for wakeup is only monitored outside Active Time.

Proposal 2: Power saving signal/channel is only associated with DRX long cycle.

Observation 2: It is more robust to signal the adaptation triggering of SCell(s) in PCell/PSCell especially in the useful scenario that PCell/PSCell in FR1 while SCell(s) in FR2. The signaling is explicit or implicit can be further studied.

Proposal 3: Power saving signal/channel is only monitored in PCell/PSCell.

Proposal 4: Power saving signal/channel is configured to be monitored in one BWP.

Observation 3: Configurable DCI format size for power saving signal/channel outside Active Time is helpful to minimize the resource overhead and to allow backward compatibility for later release to introduce more power saving techniques.

Proposal 5: Support configurable DCI format size for power saving signal/channel outside Active Time.

Proposal 6: Introduce a RRC parameter in search space configuration to indicate the slot offset between power saving signal/channel and the first slot of DRX OnDuration.

Observation 4: FFS whether the TCI state is updated frequently before reaching a conclusion on how to ensure the reliability of power saving signal/channel in FR2. If the TCI state is updated by MAC CE frequently to maintain the link quality, there may be no use applying the power saving signal/channel. How to realize the benefit of power saving signal/channel in this scenario should be studied.

Observation 5: It is beneficial to limit information bit length per UE up to 6 bits so as to realize 0.5~1.0 dB performance advantage when the DCI format size N is configured to be smaller than 12. For the unused 12-N bits, a known value can be set to allow receiver to exploit the a priori to improve the performance.

Proposal 7: Table 1 defines the DCI contents for power saving signal/channel outside Active Time.

	Adaptation
	Bit number

	
	

	Wakeup 
	1

	BWP index*
	2

	Aperiodic RS transmission triggering and A-CSI report
	3

	Note*: 
· This field exists when multiple BWPs are configured
· Max. number of MIMO layer and same-slot/cross-slot scheduling can be adapted by BWP switching




Proposal 8: For triggering adaptation of same-slot/cross-slot scheduling inside Active Time, a new field, e.g., power saving field, with 1 bit is introduced in scheduling DCI.

Observation 6: Fallback DCI format is not appropriate for triggering power saving techniques due to conflicting use cases. In general, fallback DCI format is used when UE is in bad channel condition which is not the target scenario for UE power saving.

Proposal 9: Fallback DCI format is not supported for triggering adaptations of power saving techniques inside Active Time.

Proposal 10: The reception of fallback DCI format triggers UE to resume data reception state.

Observation 7: Power saving signal/channel and BWP framework together provide an efficient realization for adaptation over RF and baseband parameters, including bandwidth, max MIMO layer number, cross/same-slot scheduling, PDCCH monitoring settings and SCell operations, etc.
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