3GPP TSG RAN WG1 #98							       											R1-1908940
Prague, CZ, August 26th – 30th, 2019


Source:	Panasonic
Title: 	Discussion on	PDCCH-based power saving signal/channel (PoSS)
Agenda Item:	7.2.9.1
Document for:	Discussion and decision
Introduction

In the RAN #84 meeting, the work item of UE power saving in NR was updated [1]. The most prioritized standardization work would be the power saving techniques with Power Saving Signal/Channel design (PoSS) triggering adaptation:

1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

In the RAN#97 meeting, the agreements in the appendix were achieved [2] regarding detailed PDCCH-based Power Saving Signal/Channel design (PoSS).
This contribution provides our views on PDCCH-based Power Saving Signal/Channel design.

Discussion

The PoSS triggering UE adaptation in RRC_CONNECTED mode includes PoSS format and resource configuration designs for both outside active time and within active time, respectively. 

PoSS outside active time

UE specific and group common PDCCH
In the RAN1#96bis meeting, the following agreements [3] were achieved regarding whether UE specific or group common PDCCH should be applied:
	Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 




On WUS related PoSS configured before DRX OnDuration, in order to minimize the wake-up time to save more power, the processing time chain from SSB/CSI-RS reception, PoSS detection to OnDuration should be minimized. As typically SSB/CSI-RS is not sent very frequently, the most optimized timing for OnDuration is quite limited. Thus in a sensible network implementation, group based signal is more efficient when multiple UE’s OnDuration are aligned. Therefore, for such UEs to share the aligned timing, group DCI should be supported. 
Proposal 1: For power saving technique associated with C-DRX and PoSS configured before the DRX OnDuration with the main function to trigger UE or not to monitor the subsequent ON duration(s), it should be designed to contain information for triggering multiple UEs. However, the indication should be capable of triggering one or more UEs. 

Power saving techniques supported by DCI contents
For the potential DCI contents in the DCI format(s), the following candidates were listed in the agreements of last meeting [2]:
	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, particularlly 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 our understanding, the most essential and high level indication should be go-to-sleep/wakeup triggering. The rest contents should belong to a second level indication. 
Go-to-sleep or PDCCH skipping can be indicated in terms of number of DRX cycles, which means how many DRX On-Duration can be skipped by UE. UE can even skip monitoring the PoSS before the DRX On_Duration in the next few DRX cycles as indicated. 
Proposal 2: For PoSS configured outside the active time, triggering UE to skip one or more subsequence On_Durations is supported. 

Besides the PDCCH monitoring skipping indication, cross-slot scheduling, RS triggering, CSI report and BWP/SCell adaptation form a second level indication, whose functionalities are actually decided by the first level indication.  
Proposal 3: The structure of DCI contents for PoSS outside active time should consider two level indications. The first level indicates UE to enter, or leave the active time of OnDurration. The PDCCH monitoring adaptation, cross-slot scheduling, RS triggering, CSI report and BWP/SCell adaptation form a second level indication.

DCI formats
For WUS related PoSS before OnDuration, we proposed to utilize group common PDCCH-based design. Hence for this purpose, a new DCI format should be introduced, which should be capable of triggering a single UE or multiple UEs. To achieve that, DCI format 2_2-like design can be considered. A UE configured with PoSS associated with C-DRX is also configured with an RNTI for power saving, which has been agreed in the previous meeting. This RNTI can be used to distinguish with other common DCI formats since it is a reasonable assumption that the PoSS DCI format size is designed to be the same as other DCIs in CSS to avoid increasing BD times. The other function could be RNTI-based grouping operation. Within the new DCI format, multiple blocks like DCI format 2_2 can also be supported. Each block is associated with an index for UE to address its own indication of triggering. Thus different UEs or group of UEs can be triggered with different indication by a common DCI. How to configure the RNTI and the index of the field within DCI is up to gNB implementation, which can be UE-specific. In this way, from the system level, the flexibility can be achieved to not only control UEs with same ON/OFF operation of OnDuration, but also to accommodate some or a single UE with distinguished traffic adaptation.
Proposal 4: For PoSS configured before OnDuration, a new DCI format should be supported. DCI format 2_2 like design is starting point. RNTI and a block index can be UE-specifically configured.
The more detailed DCI format is illustrated in Figure.1 below.
[image: ]                                                                                 Figure.1 Two level group-common PoSS DCI format
As explained above, totally N blocks are contained in one PoSS DCI, with two fields defined for each block:
· Go-to-sleep or wake-up indicator - 1 bits
· Second level indicator to indicate UE behavior for either cases, repectively – 2 bits
· If the first level indication is go-to-sleep, the 2 bits indicates how many subsequent DRX On_Duration can be skipped;
· If the first level indication is wake-up, the 2 bits indicates one or multiple of 
· Aperiodic RS (CSI-RS, SRS) triggering, 
· Aperiodic CSI report,
· Cross-slot scheduling adaptation parameters, maximum K0/K2 value,
· BWP switching
· Which information in above is indicated is RRC-configured.
In particular, to combine multiple functions for power saving techniques , the following two possibilities can be discussed:
Option1: The combination of functions/parameters are RRC configured. If 2 bits is assumed, totally 4 entries are usable. If the bit width of each block and number of blocks are also RRC configurable, the indication can be more flexible.
Option 2: One existing field, e.g. BWP indicator is used to control the triggered power saving functions. The indication field selects from the combination of the power saving functions configured by RRC. UE then follows the indicated operation regarding the power saving adaptation. 
In general, the Option 1 is more flexible. The Option 2 can be more straight forward solution by just using BWP indicator to associate all the supported functions. However, this may limit the adaptation flexibility since only 2 bits are supported. Although Go-to-sleep or wake-up indicator is described as separate 1 bit field in the above description, such joint encoding of multiple functions are also possible including Go-to-sleep or wake-up indicator. Currently we are open to discuss both options.
Proposal 5: For PoSS configured outside the active time, the DCI field in each block is RRC-configurable to accommodate the intended functionalities.

CORESET and search space
In the previous meeting, the following agreements [2] were achieved regarding the PoSS CORESET/Search Space for PoSS outside the active time.
	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:
· 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




Looking the conclusions above and the FFS points, one of the key issue to resolve “whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel”. This may influence whether to increase the number of CORESETs relative to that in Rel-15 to ensure the resource for PoSS and other control channels are still enough and do not increase the BD burdens.

Table 1. Comparison of different options for PoSS resource allocation
	PoSS types
	Potential candidates for PoSS resource allocation
	Pros
	Cons

	WUS related PoSS, before OnDuration
	a Shared CORESET/Search space with common 
PDCCH
	- It is sufficient to reuse current CSS configurations thus introduces less specification impact.
- No need to change CCE/BD budget.
	- Timing alignment with DRX may need to be considered.
- Control resource sharing with other common PDCCH needs to be considered.

	
	b Separately configured CORESET/Search space from common PDCCH
	- More flexible configuration.

	- Additional specification impact.
- CCE/BD budget need to be considered additionally. 



For WUS related PoSS before On_Duration, the option b requires additional adjustment on the CCE/BD budget in the legacy CSS, from which some of the BD effects are shifted to the CORESET/search space for PoSS. This applies to the slots that are configured with both PoSS and legacy CSS for SIB/paging receptions. However, the CSS in the remaining slots without PoSS are not impacted. During the random access procedure, we assume PoSS function before OnDuration are not valid as UE keep active during the random access procedure. 
To achieve better flexibility and in the meanwhile to keep specification impact small, separate configuration can be supported. Since the CORESET configuration for PoSS outside relies largely on the DRX configuration, to lead less impact to the resource allocation for our control channels, the total number of supported CORESET can be increased. The PoSS resource is indexed to one or multiple of the configured CORESETs. But in the slot with CSS for other common control channels, it is better to reuse the existing CORESET/search space. As long as the DCI format size for PoSS is aligned with other common control channels, no additional BD budget is required. Therefore, we propose to combine option a and b for PoSS of power saving techniques associated with C-DRX.
Proposal 6: For PoSS configured before OnDuration for power saving techniques associated with C-DRX, separate CORESET/search space can be supported,
· If separate CORESET/search space is configured for PoSS, its CORESET/search space is only valid for the slots without other common control channels.
· If separate CORESET/search space is not configured, the resource of PoSS is shared with other common control channels for Paging/SIBs.

The miss detection case handling of WUS related PoSS
For WUS related PoSS before OnDuration, in case of mis-detection happens for PoSS, the UE default behavior should be clarified. Our proposal is the UE should monitor PDCCH following the legacy behavior with DRX configuration in OnDuration. 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 skip PDCCH monitoring during DRX_ON, network always needs to send PoSS before DRX_ON and high reliability is needed when scheduling is required. As it is the function to control whether to receive OnDuration after long/short DRX, real-time CSI is not able to obtain at the gNB. Therefore, gNB need to consider the UE with worst channel condition in the cell except gNB knows the UE is stationary or DRX periodicity is very short. Thus this situation leads to high AL configuration, high control resource demand and high blocking rate. To require lower than current PDCCH's miss detection rate increases the resource usage. This is especially problematic when the cell is congested.
Proposal 7: WUS related PoSS performance requirement should be same as Rel.15 PDCCH.

Correspondingly, the UE behavior indication in the power saving signal should be designed by “no need to receive OnDuration” indication principle instead of “wake-up at OnDuration”. When the network is congested, network can choose not to transmit PoSS at all. This makes the overhead of PoSS as zero, which is very attractive to the network operation. 
Proposal 8: The indication by WUS related PoSS should be designed by “no need to receive OnDuration ” principle in order to reduce the reliability requirement and overhead reduction in network congestion.  UE default behavior of mis-detection of WUS related PoSS is monitoring the PDCCH during OnDuration.
A counter argument to the default behaviour is to receive PDCCH in OnDuration is that the control overhead can be high in case of no UEs in the group is required to wake up when traffic is sparse. It is likely the case that if the traffic arrives with low density, the majority of the UEs in the group should be indicated to stay asleep. However, for a group-based signalling, even if one UE in this group is required to wake up, the whole PDCCH has to be sent. Therefore, the overhead to indicate “go to sleep” does not make so much difference with that of indicating “wake up” unless in most of the configured PoSS occasions all the UEs are indicated to stay asleep. However, if this extreme situation happens frequently, it should not be deemed as a sensible implementation for traffic adaptation. 

PoSS within active time
The agreements [2] achieved at the previous meeting regarding PoSS within active time are as below:
	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




We are aware that some concern from RAN2 is the potential impact to DRX timer design and standardization effort are foreseen to deal with the PDCCH skipping within active time including DRX On_Duration. Thus the current scope in the WID is not emphasizing this case. Our view is to control/adjust the current RRC parameters “monitoringSlotPeriodicityAndOffset” and “monitoringSymbolsWithinSlot” by dynamic indication via PoSS would not have any impact on DRX timer design in RAN2 as these behavior means just some CORESETs are skipped without changing the DRX operation. Therefore, we propose to adopt such control as PoSS within active time.
Proposal 9: For PoSS within Active Time, dynamic control/adjust the current RRC parameters “monitoringSlotPeriodicityAndOffset” and “monitoringSymbolsWithinSlot” is considered to avoid RAN2 timer design.

CORESET and search space
For non-WUS related PoSS during Active Time, we think the UE-specific PDCCH is of higher priority. If the current DCI formats are enhanced depending on the supported function, it is straight forward to reuse the already configured CORESET/search space. The potentially strongest motivation to support separate PoSS resource configuration is to support new DCI format and size dedicated for power saving during active time. In the separate resource, it is easier to reduce PDCCH blocking rate and achieve maximum flexibility in the triggering timing and function variety of adaptation. However, considering the limited time budget and specification effort, it could be of lower priority. In addition, such motivation is not limited to PoSS but common to all PDCCH related functionality. Based on the above analysis, we support to share the control resource with higher priority.
Proposal 10: For PoSS within Active Time, the shared CORESET/search space with other control channels is utilized. Separate CORESET/search space for PoSS function is not considered.

DCI formats
For non-WUS related PoSS during Active Time, the enhancement based on current DCI format 0_1/1_1 should be considered. This avoid introducing new DCI format which has impact on BD design. From the agreement of RAN1#96bis meeting, two candidates were mentioned: additional new field(s) or using the existing DCI format.
We are open to discuss both options and which option to utilize depends on how much flexibility is needed to accommodate all the supported power saving techniques.
To combine multiple functions for power saving techniques, the following two possibilities can be discussed:
Option1: One or more new fields in the DCI is introduced which are configurable including the bit width of each field. The configuration depends on the supported functionalities.
Option 2: The DCI size is not variable. One existing field, e.g. BWP indicator is used to control the triggered power saving functions. The indication field selects from the combination of the power saving functions configured by RRC. UE then follows the indicated operation regarding the power saving adaptation. 

Since the cross-slot scheduling adaptation is already supported for an active DL(UL) BWP case, associating every functionalities with BWP indication can be somewhat duplicated design. Also the aperiodic RS and CSI report triggering is already supported, which is unlike the case of outside active time. Hence, the functionalities can be less. Then Option 1 can be more flexible and will not cause too much control overhead.
Proposal 11: For PoSS in the active time, it is based on the enhancement of existing scheduling DCI format 0_1 and 1_1. One or more new fields in the DCI is introduced which are RRC-configurable depending on the intended power saving techniques.

Conclusions
This contribution provide our considerations on the power saving signal/channel (PoSS) design. The follow conclusions are summarized below:
Proposal 1: For power saving technique associated with C-DRX and PoSS configured before the DRX OnDuration with the main function to trigger UE or not to monitor the subsequent ON duration(s), it should be designed to contain information for triggering multiple UEs. However, the indication should be capable of triggering one or more UEs. 
Proposal 2: For PoSS configured outside the active time, triggering UE to skip one or more subsequence On_Durations is supported. 
Proposal 3: The structure of DCI contents for PoSS outside active time should consider two level indications. The first level indicates UE to enter, or leave the active time of OnDurration. The PDCCH monitoring adaptation, cross-slot scheduling, RS triggering, CSI report and BWP/SCell adaptation form a second level indication.
Proposal 4: For PoSS configured before OnDuration, a new DCI format should be supported. DCI format 2_2 like design is starting point. RNTI and a block index can be UE-specifically configured.
Proposal 5: For PoSS configured outside the active time, the DCI field in each block is RRC-configurable to accommodate the intended functionalities.
Proposal 6: For PoSS configured before OnDuration for power saving techniques associated with C-DRX, separate CORESET/search space can be supported,
· If separate CORESET/search space is configured for PoSS, its CORESET/search space is only valid for the slots without other common control channels.
· If separate CORESET/search space is not configured, the resource of PoSS is shared with other common control channels for Paging/SIBs.
Proposal 7: WUS related PoSS performance requirement should be same as Rel.15 PDCCH.
Proposal 8: The indication by WUS related PoSS should be designed by “no need to receive OnDuration ” principle in order to reduce the reliability requirement and overhead reduction in network congestion.  UE default behavior of mis-detection of WUS related PoSS is monitoring the PDCCH during OnDuration.
Proposal 9: For PoSS within Active Time, dynamic control/adjust the current RRC parameters “monitoringSlotPeriodicityAndOffset” and “monitoringSymbolsWithinSlot” is considered to avoid RAN2 timer design.
Proposal 10: For PoSS within Active Time, the shared CORESET/search space with other control channels is utilized. Separate CORESET/search space for PoSS function is not considered.
Proposal 11: For PoSS in the active time, it is based on the enhancement of existing scheduling DCI format 0_1 and 1_1. One or more new fields in the DCI is introduced which are RRC-configurable depending on the intended power saving techniques.
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Appendix
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

R1-1907939 LS to RAN2 on RAN1 agreements on the PDCCH-based power saving signal/channel design  RAN1 (CATT)
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, particularlly 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).
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