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1 Introduction
In RAN1#97 [1], the following were agreed:

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, 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).

This contribution discusses remaining issues for PDCCH-based power saving signal/channel.
2 Power saving signal/channel (PoSS) design
2.1 PoSS design outside DRX Active Time
DCI format
The DCI format for PoSS outside DRX active time should be group-common to reduce signaling overhead. The information of the DCI format is UE-specific configurable by RRC. The DCI format can be monitored in a CSS (e.g., Type3-CSS) and PS-RNTI can be used for scrambling the CRC of the DCI format.
Proposal 1: The DCI format for PoSS outside DRX active time is group-common DCI (i.e., monitored in a CSS) and provides UE-specific information. 
Proposal 2: PS-RNTI is used for scrambling the CRC of the DCI format for PoSS outside DRX active time.
Functionalities
One of potential functionalities of the PoSS is to indicate whether or not the UE can skip the DRX occasion. For the indication, three options can be considered as below:
Option 1) Indicate to the UE to wake-up (WU)
· If DCI is detected, the UE MAC entity wakes up at next DRX cycle(s); otherwise, it does not
Option 2) Indicate to the UE to go-to-sleep (GTS)
· If DCI is detected, the UE MAC entity does not wake at next DRX cycle(s); otherwise, it does
 Option 3) Indicating UE to WU or not explicitly
· If DCI is detected, a field in the DCI explicitly indicates whether the UE MAC entity wakes up or not at next DRX cycle(s); otherwise, the UE MAC entity wakes up at next DRX cycle(s) by default.

Option 1 has a problem in case of missed detection. If the gNB transmits the DCI format but the UE fails to detect  it, the UE will skip the subsequent DRX occasion(s). Also, a network is forced to always transmit the PDCCH in order to schedule any UE. In addition to overhead, this is an unnecessary and likely detrimental burden to a network and makes support for UE power savings less likely for the network to deploy. From this perspective, option 2 is, in principle, preferable as it allows a network to flexibly indicate to UEs to skip next DRX cycle(s). 
For more flexibility and less PDCCH overhead, when the PoSS indicates to a UE to go-to-sleep, the PoSS can also indicate a number of DRX cycles. As traffic from UEs monitoring the same PoSS can be different, it is likely that some UEs will be triggered to wake up, while some UEs will be triggered to go-to-sleep. To avoid large signaling overhead and errors due to missed detection, option 3 is the best choose as wake up indication associated with DRX ON duration(s). For Option 3, a PoSS is a GC-DCI with UE specific field(s), a UE wakes up if a corresponding bit is, e.g. 1, and the UE does not wake up if a corresponding bit is, e.g. 0. The PoSS can still be transmitted on-demand by the gNB and the UE can wake up at next DRX cycle(s) if it doesn’t detect a PoSS. Note that the updated WID in RP-191582 allows all the three options as a UE is configured to always receive the PDCCH (regardless of whether or not the gNB transmits it).
 As a potential enhancement, additional bits can be considered to indicate sleep duration, or BWP/SCells/A-CSI report when the UE is indicated to go-to-sleep or to wake-up, respectively. 

The PoSS outside DRX active time can include a BWP indicator field. For BWP operation, the following two options can be considered:
Option 1) PoSS is monitored in a specific BWP only
Option 2) PoSS is monitored in any BWP
For option 1, CORESET/SS for PoSS can be configured in a specific BWP. Normally, a narrow BWP can be used for PoSS monitoring. However, option 1 requires unnecessary BWP switching for PoSS monitoring. If the currently activated BWP for a UE is not the BWP where the PoSS is configured, the UE needs to switch its BWP after the DRX on duration timer expires to monitor the PoSS. This would cause some additional delay and power consumption. 
Allowing per-BWP configuration for PoSS, option 2, can provide flexibility to the gNB (may or may not configure PoSS monitoring in one BWP) and allow for different UEs to have different default BWPs (for the typical case that the BWP timer expires before the DRX timer expires). Moreover, since search space set configuration per BWP is already supported in Rel-15, no additional specification effort is needed for configuration of a search space set for PoSS. A UE can be configured to monitor PDCCH for PoSS in one or more than one BWP(s) based on gNB implementation. The UE can monitor the PoSS if the currently activated BWP includes the PoSS configuration. 
For option 2, it is preferred that PoSS is configured at least in the default BWP. In some cases, the UE can switch the BWP to the default BWP during outside of DRX Active Time. For example, bwp-InacitivityTimer can expire before next DRX occasion, so that the UE can switch its BWP to the default BWP. To make a UE monitor PoSS in this case, PoSS should be configured in the default BWP. 

The PoSS outside DRX active time can include cross-carrier indicator. For CA operation, the following two options can be considered:
Option 1) PoSS is monitored in a specific CC only
Option 2) PoSS is monitored in any CC(s)
Pros and cons of each option are very clear. Option 1 has less signaling overhead compared to option 2, while, option 2 has benefit of that DRX operation for each cell can be independently controlled by each PoSS as shown in Figure 1. To only take benefits of each option, the cross-carrier indication can be considered for PoSS. The PoSS can be monitored only in a specific cell or scheduling cell, the PoSS can still indicate wake-up for each of cell independently. Regardless of option 1 and option 2, it is reasonable to configure PoSS at least in the PCell (or in the PScell).



Figure 1. PoSS monitoring with CA operation

The PoSS outside DRX active time can support A-CSI report triggering when it indicates to a UE to wake-up. At least A-CSI reporting using PUCCH can be supported.
Proposal 3: The DCI format for PoSS outside DRX active time includes at least 
· Go-to-sleep and its sleep duration;
· Wake-up and 
· BWP indicator
· Cross-carrier indicator
· A-CSI report triggering

Proposal 4: A UE wakes up for next DRX ON duration(s) if the UE fails to detect PoSS. 
Proposal 5: For A-CSI report triggering by PoSS outside DRX active time, support CSI report at least on PUCCH.

UE activities override PoSS
As defined in TS 38.321, a DRX functionality that controls a UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. A PoSS outside DRX Active Time should also apply to PDCCH monitoring only in associated DRX ON duration(s). A UE can perform other operations, such SPS PDSCH reception or CG PUSCH transmission, regardless of power saving information indicated by PoSS. 
A UE is also able to transmit a SR when the UE has data for transmission that arrives at the UE’s buffer during a DRX ON duration regardless of a PoSS indication. After the UE transmits a (positive) SR, the UE can start monitoring PDCCH at least for DCI formats scheduling PUSCH in corresponding USS set(s); otherwise, the UE has to delay the data transmission till next DRX cycle(s) where, as the gNB does not know whether the UE has data to transmit, the gNB may again indicate to the UE to not monitor PDCCH. 
Observation 1: Transmission of SR is supported in configured DRX ON duration regardless of PoSS outside DRX active time.
Proposal 6: A UE can expect to receive PDCCH scheduling PUSCH after transmitting a positive SR during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.
A PoSS indication is also not applicable for a CG-PUSCH transmission. After a CG-PUSCH transmission, a UE needs to monitor PDCCH for a DCI format scheduling a potential retransmission in configured DRX ON duration regardless of the indication from PoSS. Further, when a UE includes a BSR in a CG-PUSCH transmission indicating additional data to transmit, the UE can expect to receive PDCCH at least for DCI formats scheduling PUSCH transmission.
Similar, a PoSS indication is also not applicable to the SPS PDSCH that is activated. After a SPS PDSCH reception, a UE transmits HARQ-ACK information in response to the SPS PDSCH reception within the configured DRX ON duration. When a UE transmits a NACK, the UE can expect to monitor PDCCH for DCI formats scheduling a SPS PDSCH retransmission regardless of whether or not the UE is indicated to skip PDCCH monitoring within the DRX ON duration.
Observation 2: CG-PUSCH transmission is supported in configured DRX ON duration(s) regardless of PoSS outside DRX active time.
Observation 3: SPS PDSCH transmission is supported in configured DRX ON duration(s) regardless of PoSS outside DRX active time.
Proposal 7: A UE can expect to receive PDCCH in response to a BSR in a CG-PUSCH during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.
Proposal 8: A UE can expect to receive PDCCH scheduling SPS-PDSCH retransmission after transmitting a NACK during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.
For PRACH transmission, a UE in the RRC_CONNECTED state can transmit a PRACH for various purposes including re-establishing synchronization with a serving gNB, obtaining a timing advance command from the gNB, indicating link recovery, or indicating new data arrival and then the PRACH transmission also provides the functionality of a positive SR transmission. Therefore, the PoSS indication should also not be applicable for PRACH transmission during DRX ON duration(s). After a PRACH transmission, a UE starts monitoring PDCCH in order to detect a DCI format scheduling a reception of a PDSCH that provides a random access response (RAR) from a serving gNB in response to the PRACH transmission from the UE. After receiving the PDSCH providing the RAR, the UE can switch back to skipping PDCCH monitoring or continue to monitor PDCCH and then the PRACH transmission overrides the previous indication for skipping PDCCH monitoring during the one or more DRX ON duration period(s).
For link recovery, after a UE transmits a PRACH, the UE is expected to monitor PDCCH for a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI for a search space set provided by recoverySearchSpaceId as described in 38.213. Therefore, the PRACH transmission overrides a previous indication to the UE to skip PDCCH monitoring at least for link recovery. 
Observation 4: PRACH transmission is supported in configured DRX ON duration regardless of PoSS outside DRX active time.
Proposal 9: A UE can expect to receive PDCCH at least for recovery search space set in response to a PRACH transmission during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.

CORESET/SS configuration
A SS set for PoSS outside DRX active time can be associated with a CORESET. Whether the CORESET associated with SS set for PoSS outside DRX active time is separated from other SS sets or shared with other SS sets is up to gNB implementation. There is no essential motivation to separately configure a dedicated CORESET only for the PoSS outside DRX active time. Whether the maximum number of CORESETs per BWP which is defined as 3 in Rel-15 is sufficient or not can be further discussed.
Observation 5: Whether the CORESET associated with SS set for PoSS outside DRX active time is separated from other SS sets or shared with other SS sets is up to gNB implementation.
Proposal 10: The CORESET configuration for PoSS outside DRX active time follows the Rel-15 framework. No special handling is needed.
Based on the Rel-15 framework, DCI format for PoSS outside DRX active time can be associated with SS set. A UE can monitor the DCI format for PoSS outside DRX active time based on the configured parameters for the associated SS set. Slot-level monitoring periodicity, slot-level offset, and duration can be configured, so that the UE can monitor the DCI format outside DRX active time. For example, the gNB can configure the slot-level monitoring periodicity of the SS set for PoSS is equal to the N (≥1) times of the DRX cycle. In addition, the gNB can adjust the offset parameter for the SS set for PoSS to have some offset (∆) before DRX occasion. Further discussion is needed to decide the exact minimum offset value (∆min) (∆min = 1 slot seems enough unless the PoSS also supports additional functionalities such as BWP switching, and A-CSI reporting). 
Proposal 11: For PoSS outside DRX active time, 
· The SS set configuration follows the Rel-15 framework. 
· The UE does not expect to be configured PDCCH monitoring occasions for the SS set that are located within the DRX on duration.
· The UE does not expect to be configured PDCCH monitoring occasions for the SS set that are less than ∆min before the start of the DRX on duration. 
Whether or not to support multiple PoSS monitoring occasions (MOs) is still FFS. Two motivations are identified during RAN1#97 meeting as below:
Purpose 1) To obtain more opportunities to transmit PoSS
Purpose 2) To increase reliability (e.g., more diversity gain)
Figure 2 shows two examples for configuring multiple PoSS MOs outside DRX active time. The multiple PoSS MOs can be configured by using a single SS set (Figure 2(a)) or multiple SS sets (Figure 2(b)). If the multiple PoSS MOs are configured by using multiple SS sets, each SS set can be associated with different CORESETs, so that the DCI format can be transmitted with different TCI states. 
For the first purpose, the configuration method using a single SS set is enough. The gNB can configure duration for the SS for the PoSS to have multiple MOs for each periodicity. No further specification effort is needed.
For the second purpose, the configuration method using multiple SS sets is more preferred to support multi-beam operation for the PoSS. In terms of CORESET/SS configurations, no more specification effort is needed. The only aspect for specification support is to inform the UE whether or not a same DCI format is transmitted across the multiple PoSS/PDCCH MOs so that the UE can know whether or not to combine the demodulated symbols of the DCI format prior to decoding. Whether or not to support PDCCH repetition should be studied further given the need for enhanced reliability of the PoSS. 



Figure 2. Multiple occasions for a PoSS using (a) single SS set and (b) multiple SS sets
Observation 6: Rel-15 allows a gNB to configure multiple PDCCH MOs for the PoSS outside DRX active time.
Observation 7: PDCCH repetition can offer diversity gain and can be considered with negligible specification impact.
Association with Active Time of DRX
The DRX Active Time is defined in 38.321 as below:
	When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).



When a UE detects a PoSS outside of the Active Time of a DRX, the PoSS should be applied to the Active Time of associated DRX cycle(s). In practice, the Active Time is no less drx-onDurationTimer, but can be extended dynamically, for example when a PDCCH indicates a new transmission (DL or UL), the drx-InactivityTimer will be restarted. 
When the dynamic Active Time of a DRX cycle overlaps with a next PoSS monitoring occasion as illustrated in Figure 3, a UE should not expect transmission of the PoSS. A UE can skip PoSS monitoring and wake up for the Active Time of associated subsequent DRX cycle(s), by default, when the monitoring occasion of a PoSS overlaps with the dynamic Active Time of the previous DRX cycle.


Figure 3. Association with dynamic Active Time of DRX operation
Proposal 12: If the monitoring occasion(s) of a PoSS overlaps with the Active Time of the previous DRX cycle, a UE skips the corresponding monitoring occasion(s) and wakes up for next DRX ON duration(s). 

Association with DRX occasions
A PoSS outside DRX active time can be associated with one or more DRX occasions. If the DCI format for the PoSS indicates to the UE to wake-up, the UE can start to monitor N (≥1) subsequent DRX occasions; if the DCI format for the PoSS indicates to the UE to go-to-sleep, the UE can skip monitoring N (≥1) subsequent DRX occasions. For relatively long DRX cycles, a PoSS can be associated with one DRX occasion as shown in Figure 4(a). For relatively short DRX cycle, it would be preferable that a PoSS can be associated with N DRX associations rather than associated with only one DRX occasion to minimize power consumption due to PoSS monitoring. 
In general, N should be controlled by the gNB. The gNB could inform the value of N to the UE either by higher layer signaling or by L1 signaling (e.g., by PoSS). However, a need for such signaling is not well motivated when the PoSS indicates the UE to wake-up, i.e. WUS. For example, consider the case illustrated in Figure 4(b) and that N=2 is informed to the UE. In this case, the PoSS controls only 2 DRX occasions #1, #2, while the UE will always monitor DRX occasion #3 regardless of the PoSS. The motivation to exploit this flexibility seems not sufficient. Based on the above observation, it would be more preferred that the number of associated DRX occasions is determined implicitly without any explicit signaling. For example, all DRX occasions between two PoSS monitoring occasions can be associated with one PoSS. In Figure 4(b), DRX occasions #1, #2, and #3 can be associated with one PoSS.


Figure 4. WUS indication: association with DRX occasions (a) one-to-one, (b) one-to-many
Proposal 13: A PoSS to indicate wake-up is associated with N(≥1) DRX occasion(s) and N is defined as the number of DRX occasion(s) between two adjacent PoSS occasions identified by slot-level periodicity configuration.
In contrast, there is a need for such signaling when the PoSS indicates the UE to go-to-sleep, i.e. GTS. For example, consider the case illustrated in Figure 6, when N=2 is informed to the UE, the UE skips the next two subsequent DRX cycles. In case 5(a), except for the two subsequent DRX occasions, the UE also skips the monitoring occasion of a PoSS when the UE is already indicated to skip the associated DRX ON duration by the previous PoSS. In case 5(b), the UE skips 2 DRX occasions #1, #2, while the UE monitors DRX occasion #3.


Figure 5. GTS indication: association with DRX occasions (a) one-to-one, (b) one-to-many
Proposal 14: A PoSS indicating go-to-sleep is associated with N(≥1) DRX occasion(s) and N is explicitly indicated by the PoSS.
Association with short DRX cycle
If a short DRX cycle is configured to a UE, the UE starts to operate in short DRX mode for the time duration corresponding to short cycle timer if inactivity timer expires or a DRX command MAC CE is received as illustrated in Figure 6. How to apply PoSS to short DRX cycle should be considered. Simply, two options can be considered as below:
Option 1) PoSS is associated with long DRX cycle only.
Option 2) PoSS is associated with both long DRX cycle and short DRX cycle

For option 1, the PoSS can apply to DRX occasions with long DRX cycle and not apply to DRX occasions with short DRX. This means that there is no PoSS for the short DRX mode. Depending on the short cycle timer, PoSS monitoring occasions can overlap with the time period operating in short DRX mode. In this case, the UE can skip monitoring the PoSS occasion. The gNB may configure and trigger short DRX cycle to the UE to handle latency sensitive traffic. Therefore, option 1 is a natural and PoSS need not be considered for short DRX mode.
Option 2 would be an optimized solution. PoSS can control not only long DRX but also short DRX. For this purpose, a PoSS can be shared between long DRX and short DRX or separate PoSS can be considered for each DRX mode. If option 2 is supported, details of PoSS design should be further considered.

Option 1 is preferable due to its simplicity and as there is no material benefit for Option 2.


Figure 6. Handling long DRX and short DRX
Proposal 15: PoSS outside DRX active time is associated with long DRX cycle only. A UE does not monitor PDCCH for a DCI format providing PoSS during the time that drx-ShortCycleTimer is running.
2.2 PoSS design during DRX Active Time or without DRX
Functionalities
It was agreed that at least “cross-slot scheduling” power saving technique is supported. Among the power saving techniques discussed so far, PDCCH monitoring adaptation is the most promising power saving technique. Extensive evaluations showed that a power saving gain up to 85% can be achieved [2]. Further motivations and procedures can be found in a companion contribution [3].

Proposal 16: The DCI format for PoSS during DRX active time or without DRX includes at least 
· cross-slot scheduling indicator
· PDCCH monitoring adaptation (e.g., PDCCH skipping)
DCI format
It was agreed that the indication of power saving technique(s) is at least supported by the existing scheduling DCI with two potential options, 1) using additional field(s) and/or 2) repurposing the existing field(s). Using additional field(s) is straightforward and simple and the additional overhead is not expected to make any material difference in the DCI format BLER.

Proposal 17: For indication of power saving technique(s), repurposing the existing field(s) of the scheduling DCI is not supported.
The basic principle for designing fallback DCI formats (DCI format 0_0/1_0) is that they have no configurable fields. This principle should of course be maintained. 

Proposal 18: Additional field(s) for power saving technique(s) is not included in DCI format 0_0/1_0.
A fundamental restriction of using a unicast DCI format for indication of power saving technique(s) is that the UE adaptation is possible only when there is something to schedule. In other words, if there is no traffic, the gNB cannot dynamically adapt the UE for power savings purpose. However, in general, UE power savings operation is needed when traffic is sparse. For this reason, for indication of power saving technique(s), it is beneficial to use a new DCI format that is a group-common DCI format in order to also minimize overhead. For simplicity, a unified DCI format can be considered for PoSS outside DRX active time and within the DRX active time. A UE can interpret the DCI fields differently according to whether or not the PoSS is detected outside or during the DRX ON duration. 

Proposal 19: For indication of power saving technique(s), a UE group-common DCI format is used for PoSS both outside and inside DRX active time and a UE interprets the contents of the DCI format depending on whether the UE detects the DCI format during active time or outside active time.
DCI format size budget
In Rel-15, the number of DCI format sizes is counted based on the configured number of DCI sizes regardless whether within active time or outside of active time. This results to a very simple UE implementation. The same principle can apply to DCI format size counting in Rel-16. 
Proposal 20: The number of DCI format sizes is counted based on the configured number of DCI sizes as in Rel-15.
The size of the DCI format providing PoSS may or may not be same with existing DCI formats configured to monitor by the UE, so that the DCI format size budget may not be met. To handle this issue, two options can be considered as below:
Option 1) The size of DCI format for PoSS is aligned with one of the existing DCI formats that a UE is configured to monitor.
Option 2) Existing DCI formats with different sizes that a UE is configured to monitor are aligned in size when the UE is configured to monitor PoSS.
Option 2 is preferable to option 1 to maintain a good reliability of the DCI format for PoSS and avoid increasing it in size in order to match DCI format 0_0 or 1_0. The sizes of DCI format 0_1 and 1_1 can be aligned if the DCI format size budget is not met due to monitoring DCI format for PoSS. 
Proposal 21: If DCI format size budget is not met due to monitoring DCI format for PoSS, the sizes of DCI formats 0_1 and 1_1 are aligned. 
3 Conclusion
The observations and proposals made in this contribution are summarized below:
Proposal 1: The DCI format for PoSS outside DRX active time is group-common DCI (i.e., monitored in a CSS) and provides UE-specific information. 
Proposal 2: PS-RNTI is used for scrambling the CRC of the DCI format for PoSS outside DRX active time.
Proposal 3: The DCI format for PoSS outside DRX active time includes at least 
· Go-to-sleep and its sleep duration;
· Wake-up and 
· BWP indicator
· Cross-carrier indicator
· A-CSI report triggering

Proposal 4: A UE wakes up for next DRX ON duration(s) if the UE fails to detect PoSS. 
Proposal 5: For A-CSI report triggering by PoSS outside DRX active time, support CSI report at least on PUCCH.
Proposal 6: A UE can expect to receive PDCCH scheduling PUSCH after transmitting a positive SR during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.
Proposal 7: A UE can expect to receive PDCCH in response to a BSR in a CG-PUSCH during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.
Proposal 8: A UE can expect to receive PDCCH scheduling SPS-PDSCH retransmission after transmitting a NACK during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.
Proposal 9: A UE can expect to receive PDCCH at least for recovery search space set in response to a PRACH transmission during a DRX cycle regardless of the indication from a PoSS outside DRX Active Time for PDCCH monitoring during the DRX cycle.
Proposal 10: The CORESET configuration for PoSS outside DRX active time follows the Rel-15 framework. No special handling is needed.
Proposal 11: For PoSS outside DRX active time, 
· The SS set configuration follows the Rel-15 framework. 
· The UE does not expect to be configured PDCCH monitoring occasions for the SS set that are located within the DRX on duration.
· The UE does not expect to be configured PDCCH monitoring occasions for the SS set that are less than ∆min before the start of the DRX on duration. 
Proposal 12: If the monitoring occasion(s) of a PoSS overlaps with the Active Time of the previous DRX cycle, a UE skips the corresponding monitoring occasion(s) and wakes up for next DRX ON duration(s). 
Proposal 13: A PoSS to indicate wake-up is associated with N(≥1) DRX occasion(s) and N is defined as the number of DRX occasion(s) between two adjacent PoSS occasions identified by slot-level periodicity configuration.
Proposal 14: A PoSS indicating go-to-sleep is associated with N(≥1) DRX occasion(s) and N is explicitly indicated by the PoSS.
Proposal 15: PoSS outside DRX active time is associated with long DRX cycle only. A UE does not monitor PDCCH for a DCI format providing PoSS during the time that drx-ShortCycleTimer is running.
Proposal 16: The DCI format for PoSS during DRX active time or without DRX includes at least 
· cross-slot scheduling indicator
· PDCCH monitoring adaptation (e.g., PDCCH skipping)
Proposal 17: For indication of power saving technique(s), repurposing the existing field(s) of the scheduling DCI is not supported.
Proposal 18: Additional field(s) for power saving technique(s) is not included in DCI format 0_0/1_0.
Proposal 19: For indication of power saving technique(s), a UE group-common DCI format is used for PoSS both outside and inside DRX active time and a UE interprets the contents of the DCI format depending on whether the UE detects the DCI format during active time or outside active time.
Proposal 20: The number of DCI format sizes is counted based on the configured number of DCI sizes as in Rel-15.
[bookmark: _GoBack]Proposal 21: If DCI format size budget is not met due to monitoring DCI format for PoSS, the sizes of DCI formats 0_1 and 1_1 are aligned. 

Observation 1: Transmission of SR is supported in configured DRX ON duration regardless of PoSS outside DRX active time.
Observation 2: CG-PUSCH transmission is supported in configured DRX ON duration(s) regardless of PoSS outside DRX active time.
Observation 3: SPS PDSCH transmission is supported in configured DRX ON duration(s) regardless of PoSS outside DRX active time.
Observation 4: PRACH transmission is supported in configured DRX ON duration regardless of PoSS outside DRX active time.
Observation 5: Whether the CORESET associated with SS set for PoSS outside DRX active time is separated from other SS sets or shared with other SS sets is up to gNB implementation.
Observation 6: Rel-15 allows a gNB to configure multiple PDCCH MOs for the PoSS outside DRX active time.
Observation 7: PDCCH repetition can offer diversity gain and can be considered with negligible specification impact.
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