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Introduction

In the RAN #83 meeting, the new work item of UE power saving in NR was approved [1]. In the RAN1#96bis meeting, the agreements in the appendix were achieved [2] regarding detailed PDCCH-based Power Saving Signal/Channel design (PoSS).
For more focused discussion, the [3] gives some possible detailed topics or issues to address.
This contribution provides our views on PDCCH-based Power Saving Signal/Channel design. 

Discussion

UE specific and group common PDCCH
In the previous meeting, the following agreements 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 

In our understanding, this depends on the location of the configured power saving signal/channel (PoSS) and the functionality. One is the functionality/timing location related to WUS and outside of Active Time. According to RAN2 agreement, this is before OnDuration only. This does not mean to limit to WUS of power saving technique but the action/function related to WUS. The other functionality/timing location is not related to WUS and it is within the Active Time.
On WUS related PoSS, 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 implementation, group based signal is more efficient when multiple UE’s potential 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 is to indicate UE whether to wake up and start monitor PDCCH, it should be designed to contain information for triggering multiple UE. However, the indication should be capable of triggering one or more UEs. The DCI format 2_2 like design could be starting point. 
On non-WUS related PoSS in Active Time, more functionalities can be observed from the discussion in the previous meeting. The configurability and flexibility for multiple power saving techniques can be supported. Additionally, the timing of adaptation can be more independent among UEs. In this case, UE specific PDCCH should be supported.
Proposal 2: For power saving techniques and adaptation triggering during Active Time, UE-specific PDCCH should be supported.

CORESET and search space
The resource allocation for PoSS should also be separately discussed for different functionalities.
Table 1. Comparison of different options for PoSS resource allocation
	PoSS types
	Potential candidates for PoSS resource allocation
	Pros
	Cons

	1. WUS related PoSS, before OnDuration
	1.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.

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

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

	2. non-WUS related PoSS during Active Time
	2.a Shared CORESET/Search space with other common and UE specific  PDCCH
	- Less specification impact.
- More suitable for the case that the DCI format is based on enhancement of current UE-specific DCI.
	- To maintain the BD budget, PoSS DCI format size may be limited and aligned with current DCI format sizes.

	
	2.b Separately configured  CORESET/Search space from other common and UE specific PDCCH
	- More flexible configuration.
- More suitable for the case that supports new DCI format and size. This can reduce the blocking rate.
	- Additional specification impact.
- Blind decoding budget need to be balanced additionally.



For WUS related PoSSbefore OnDuration, the option 1.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. 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 1.a and 1.b for PoSS of power saving techniques associated with C-DRX.
Proposal 3: 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, it 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.

For non-WUS related PoSS during Active Time, as mentioned, 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 4: For PoSS configured during Active Time, the shared CORESET/search space with other control channels is utilized. Separate CORESET/search space for PoSS function is not considered.

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 increase the resource usage. This is especially problematic when the cell is congested.
Proposal 5: 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 6: 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 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. 

DCI formats
For WUS related PoSSbefore 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. This RNTI can be used to distinguish with other common DCI formats in case with same size. The other function could be RNTI-based grouping operation. Within the new DCI format, multiple fields like DCI format 2_2 can also be supported. Each field 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 7: For WUS related PoSS before OnDuration, a new DCI format should be supported. DCI format 2_2 like design is starting point. RNTI and a field index can be UE-specifically configured.
For non-WUS related PoSS during Active Time, we discussed the enhancement based on current DCI format 1_0/1_1 should be considered. This avoid introducing new DCI format which has impact on BD design. From the agreement of previous 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, e.g. cross-slot scheduling, PDCCH monitoring reduction/adjustment/skipping and so on. 
In general, the Option 1 is more flexible. Depending on the agreed power saving techniques, 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. If considering BWP/SCell domain adaptation and other power saving functionalities, 2 bits may not be sufficient to accommodate everything. Thus in our opinion, the supported functions triggered by PoSS should be concluded first before deciding on how to enhance existing DCI format(s). This proposal also applies to new DCI format design.
Proposal 8: Concrete PoSS functionalities should be concluded first before detailed discussion on enhancement of existing DCI and defining new DCI format.

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 for investigation:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time

In our understanding, the high level indication should be go-to-sleep/wakeup triggering. The rest contents should belong to a second level indication. However, even a UE can be triggered to wake up and start to monitor PDCCH, the PDCCH monitoring reduction/adjustment can also be triggered simultaneously. Thus the PDCCH monitoring related indication should always be supported in the DCI no matter for before OnDuration or during active time.
Since the last three bullets should all be within the scope of PDCCH monitoring reduction/adjustment, a uniform framework to efficiently support the PDCCH monitoring adaptation should be studied. Our understanding is all three bullets are to control/adjust the current RRC parameter "monitoringSlotPeriodicityAndOffset" and " monitoringSymbolsWithinSlot" via PDCCH.
Besides the PDCCH monitoring adaptation, cross-slot scheduling, RS triggering, CSI report and BWP/SCell adaptation  form a second level indication. For the second level indication, the supported functionalities are actually decided by the first level indication. If UE is indicated to transit from outside active time to active time or stay at active time, all the second level indications are possibly needed.
Proposal 9: The structure of DCI contents for PoSS should consider two level indications. The first level indicates UE to enter, stay at, or leave the active time. The PDCCH monitoring adaptation, cross-slot scheduling, RS triggering, CSI report and BWP/SCell adaptation form a second level indication.

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 is to indicate UE whether to wake up and start monitor PDCCH, it should be designed to contain information for triggering multiple UE. However, the indication should be capable of triggering one or more UEs. The DCI format 2_2 like design could be starting point.
Proposal 2: For power saving techniques and adaptation triggering during Active Time, UE-specific PDCCH should be supported.
Proposal 3: 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, it 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 4: For PoSS configured during Active Time, the shared CORESET/search space with other control channels is utilized. Separate CORESET/search space for PoSS function is not considered.
Proposal 5: WUS related PoSS performance requirement should be same as Rel.15 PDCCH
Proposal 6: 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 7: For WUS related PoSS before OnDuration, a new DCI format should be supported. DCI format 2_2 like design is starting point. RNTI and a field index can be UE-specifically configured.
Proposal 8: Concrete PoSS functionalities should be concluded first before detailed discussion on enhancement of existing DCI and defining new DCI format.
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Appendix
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 

Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which amay or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique 

Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format

Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time

Agreements:
· The design of the DCI format(s) and size needs to account for one or more of the following aspects
· Within or outside Active Time
· DCI format size for the power saving signal/channel to fit the DCI format size budget
· Including aspects whether or not it is necessary to align it with existing DCI format size
· Other aspects are not precluded.

Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)


Agreements:
· For PDCCH-based power saving signal/channel, 
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured
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