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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK54]Based on the discussion in RAN1#98bis, this contribution discusses the remaining issues of PDCCH-based power saving signal/channel. 
[bookmark: _Ref129681832]Design of PDCCH-based power saving signal/channel outside Active Time
New DCI format for power saving outside Active Time
[bookmark: _Ref23414485]Remaining FFS on power saving functionalities indicated by DCI format 3_0
In RAN1#98bis, it is agreed that the DCI format 3_0 can be configured to indicate wake-up information and dormancy behavior adaptation. It is still FFS on whether CSI reporting is supported by the DCI format 3_0. This section discuss the remaining details on the Scell dormancy adaptation and triggering CSI report.
	Agreements in RAN1#98bis:
[bookmark: _Hlk22055053]For a UE, the following information can be configured to be included in the new DCI for the WUS PDCCH scrambled by PS-RNTI 
· Indication to wake up or not to wake up 
· L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells,  as agreed in MR CA/DC
· FFS: Triggering -CSI-report
FFS: whether or not the bitwidths of some or all of the above information fields can be zero



1) Support triggering CSI reporting
It is still FFS on whether the DCI format 3_0 can trigger UE to report CSI before or during the associated ON duration. Considering RAN2 agreements, if the wake-up is not indicated, the UE is assumed not to start the ON duration timer for the associated C-DRX cycle. According to the MAC specification and TS 38.214, the CSI measurement and CSI reporting would be impacted. 
	The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted. 
If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.


Therefore, if the ON durations of a number of consecutive DRX cycles are not triggered by the WUS indication, the UE may not measure the CSI-RS and do the CSI reporting for long time period. This can save power, however shall impact the throughput performance from the beginning of the ON duration triggered by the next wake-up indication. The performance impact should be minimized considering the CSI measurement and reporting would be skipped if a number of ON durations are not indicated to wake-up.
Observation 1. The performance impact needs to be considered into the design of WUS mechanism considering the CSI measurement and reporting would be skipped if a number of ON durations are not indicated to wake-up.
Therefore, it would be helpful to enable the WUS DCI to trigger the CSI reporting before or at the very beginning of the ON duration timer. To minimize the indication overhead, the PUCCH/PUSCH resource that is used for CSI reporting can be semi-persistent configured by higher layer signaling. To minimize the impact on MAC specification, the CSI reporting is preferred to be transmitted at the beginning of the ON duration timer. Implicit indication can be considered to minimize the impact on the DCI format design. Note that DCI format 2_6 is used instead of DCI format 3_0 in the current 38.212 draft CR for power saving, therefore DCI format 2_6 is used in the following proposal to align with the specification. 
Proposal 1. A UE configured with WUS indication can be configured to transmit CSI reporting in the associated ON duration implicitly when wake-up is indicated in the DCI format 2_6.
Besides the CSI reporting, the CSI-RS is also impacted by WUS indication considering a number of ON durations may be skipped. Corresponding considerations are discussed in Section 2.3.2
2) Remaining details on Scell dormancy adaptation
	Agreements in RAN1#98bis:
· When the UE is outside Active Time, for the L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, an explicit information field for the UE is introduced to the PDCCH WUS
· The explicit information field is configurable within a range of 0 to X1 bits
· X1 <<15
· FFS whether to use BWP framework for transitioning from dormany to non-dormancy
· FFS the case of ’non-dormancy-like’ to ’dormancy like’ transition
· When the UE is in the Active Time, for the L1 based mechanism for transitioning between ’dormancy-like’ and ’non-dormancy like’ behaviour on activated Scells, an explicit information field is newly introduced to at least DCI formats 0-1 and 1-1 for the primary cell
· The explicit information field is configurable within a range of 0 to X2 bits
· X2 <<15
· FFS whether to use BWP framework for transitioning from dormany to non-dormancy or vice versa
· FFS The DCI formats may or may not schedule data (if supported w/o data, the value of X2 can be separately discussed)
· FFS DCI formats 0-0 and 1-0
· FFS the impact of CIF if any

· For the L1 based Scell dormancy indication sent on primary cell within active time
· UE is configured with at least two BWPs for an Scell
· The explicit information field in DCI indicates switching to/from dormant BWP configured for the Scell
· FFS definition of dormant BWP
· FFS whether or not to the same BWP switching delay to the non-dormant to dormant transition delay
· Note: Rel15 behavior for case when 1BWP is configured for the Scell (i.e., no dormancy indication for that Scell)

· For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH
· The explicit information field in DCI is a bitmap with up to X1 bits and 1 bit per group of configured Scells
· Each Scell group can have one/multiple Scells and up to X1 Scell groups are configured via RRC. 
· The Scell group configuration is independent from the Scell group configuration for dormancy indication within active time (if supported) 
· X1 = [5]
· Note: X1 is upper bound.
· Note: Number of bits used for explicit information field in WUS PDCCH is based on configuration



In RAN1 #98bis, it was agreed that ‘dormancy-like’ behavior can be indicated in DCI format 3_0, where at most X1 bits can be used to indicate at most X1 SCell groups in a bitmap way. But there are several remaining issues.
The first remaining issue is to determine the value of X1, i.e., to determine the maximum number of SCell groups. There are two motivations to indicate SCell group instead of to indicate each SCell in DCI format 3_0. One is to reduce the signaling overhead since DCI format 3_0 may indicate multiple UEs. The other one is to operate SCells in a more efficient way. How much power saving can be obtained depends on how many RF chains can be turned off. So it is more efficient to let the serving cells sharing the same RF chain to behave in the same way, where these serving cells can be grouped. For a typically smartphone supporting NR bands, usually 3 sets of RF frontend are enough, e.g., one set for sub 3GHz, one set for 3GHz~6GHz and one set for above 6GHz. Therefore, up to 3 SCell groups should be enough. On the other hand, DCI format 3_0 is expected to be reliably detected to avoid the impact on the service. Therefore, the transmitted DCI size is not expected to be large.
Proposal 2. : For a UE, up to X1=3 bits for dormancy behaviour indication can be configured.
The second remaining issue is the how to adapt the UE behaviour between ‘dormancy’ and ‘non-dormancy’. In RAN1 #98bis, it was agreed that within active time, dormancy behaviour is based on BWP framework, i.e., dormant BWP is used for the purse of adaptation between dormancy-like and non-dormancy like behaviour. It is still FFS whether the dormancy indication in DCI format 3_0 is also based on BWP framework or not. To cooperate with the indication triggered by DCI format 0_1/1_1 within Active Time, the adaptation for dormancy behaviour triggered by in DCI format 3_0 should also be based on dormant BWP. Note that DCI format 2_6 is used instead of DCI format 3_0 in the current 38.212 draft CR for power saving, therefore DCI format 2_6 is used in the following proposal to align with the specification.
Proposal 3. The dormancy adaptation triggered by DCI format 2_6 reuses the same mechanism for the adaptation between dormancy and non-dormancy behaviour triggered inside Active Time.
Regarding how to indicate ‘dormancy-like’ behavior, CC-group based indication is preferred because of the following three motivations. First, the power saving benefit from dormancy behavior mainly comes from the possibility that the UE can switch off related RF chains for certain duration when a Scell is indicated as dormancy. It is more efficient to group the serving cells sharing the same RF chain to behave in the same way, where these serving cells can be grouped together. Second, besides the motivation for hardware design, the UE may desire to behave differently on different cells to monitor PDCCH on PCell for low latency, and not to monitor PDCCH on SCells for power saving. Third, using CC-group based indication can additionally reduce signaling overhead. 
However, serving cell cannot know whether a UE can switch off the RF chain when a Scell is in dormancy behavior. Therefore, if a gNB improperly configures the grouping of Scells for dormancy adaptation, the power saving gain may not be as attractive as expected. It is strongly suggested to support higher layer reporting of preferred grouping of Scells when a UE is configured with Scells.
Observation 2. The power saving gain may not be as attractive as expected if a gNB cannot properly configures the grouping of Scells for dormancy adaptation due to the lack of essential information on UE.

3) The bit widths of the functionalities 
In RAN1#98bis, it is still FFS on whether or not the bitwidths of some or all of the wake-up indication and dormancy indication is zero. Generally, there would be several possible cases:
· Case 1: Both wakeup indication and dormancy indication are configured
· Case 2: Only wakeup indication is configured
· Case 3: Only dormancy indication is configured
· Case 4: Neither wakeup indication or dormancy indication is configured
It should be the common understanding that Case 1 and Case 2 are to be supported. In Case 3, PCell will be always monitored, and SCells can be further indicated for dormancy behavior. In Case 4 where no functionality is configured for a UE, the UE does not need to monitor DCI format 3_0. 
Proposal 4. Both wake-up indication and dormancy indication information can be configured with zero bit-length.

DCI format size 
	Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time
Working assumption: no increase of UE BD/non-overlapping CCE limit


Based on the agreements in RAN1#96bis, when PDCCH-based power saving signal/channel is configured, DCI format size budget should not increase. When UE is out of DRX active time, UE may need to monitor DCI format 3_0, it is preferred to reduce the UE detection complexity and power consumption. So for WUS DCI size design, one design principle is to minimize DCI size budget. Considering that C-DRX mechanism cannot impact on PDCCH monitoring for DCI formats with CRC scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI, when UE is out of DRX active time, the UE shall monitor PDCCH for DCI with CRC scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI.  UE may need to monitor the above DCI formats and WUS DCI simultaneously in the same slot. Therefore, one possible solution is to align DCI size of DCI format 3_0 with the size of DCI formats scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI. 
For UE-specific WUS DCI, it would be better to minimize the resource overhead while keeping robust performance. If it is further considered to optimize the size of UE-specific WUS DCI, additional different DCI size can be preferred. Considering that only Rel-15 PDCCH channel coding and payload interleaver are considered in the power saving WID and that the minimum payload size of Rel-15 DCI is 12 bits, one good DCI size candidate for UE-specific WUS DCI is 12 bits. So when UE is out of DRX active time, the DCI format size budget should be 1 or 2. Note that DCI format 2_6 is used instead of DCI format 3_0 in the current 38.212 draft CR for power saving.
Proposal 5. When UE is outside the DRX Active Time, the number of detected DCI format size(s) should not be larger than 2. 
Proposal 6. Payload size of the group DCI based WUS is aligned with the size of DCI formats scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI.

Design for the DCI format 3_0
1) Multiplexing of power saving information for one or more UEs 
As agreed in RAN1#98bis, the DCI format 3_0 can multiplex the power saving indication for one or more UEs. It is still FFS on how to multiplex the wake-up indication and/or the dormancy behavior adaption.
Considering the new DCI format is transmitted in CSS, the structure of the new DCI format should be scalable/extendable with respective to the number of UEs that are indicated by a DCI format 3_0.  This intends to avoid reconfiguration of all the UEs who are monitoring the DCI format 3_0 due to an addition of a new UE. Note that DCI format 2_6 is used instead of DCI format 3_0 in the current 38.212 draft CR for power saving, therefore DCI format 2_6 is used in the following observation to align with the specification.
Observation 3. [bookmark: _Ref24020148]The DCI format 2_6 design is desired to be scalable/extendable so that no reconfiguration is needed when a new UE is added to the group to be indicated by the DCI.
To achieve a scalable design, it is preferred that the wake-up indication bit and the indication of dormancy behavior for a given UE are carried by two individual fields, which are semi-statically configured with bit lengths that are not expected to be changed when new UEs are added or current UE is removed from the group of UEs monitoring the DCI format 3_0. There could be another common field that would be the same for all the UEs, including the indication of SI change and/or the flag to indicate whether this DCI is for only one UE or more than one UEs.
As illustrated in Figure 1, Wake-up Indication Field (WIF) and Dormancy behavior Indication Field (DIF) are configured to be supported by the DCI format 3_0, with optionally a common indication field for all UEs.
Proposal 7. For a given UE, the wake-up indication bit and the X1bits indication of dormancy behavior are included in two individual fields, which are semi-statically configured with bit lengths that are not expected to be changed frequently.
[image: ]
[bookmark: _Ref23446537]Figure 1 Illustration of proposed structure for DCI format 3_0
2) Wake-up indication Field (WIF)
For Wake-up indication field, the wake-up indication information for one or more UEs needs to be multiplexed efficiently. It should be noticed that the number of UEs that would be indicated by the Wake-up Indication Field may be changed over time according to the traffic arrival of UEs, and as observed in Observation 3, Wake-up Indication Field (WIF) is expected to be extendable and scalable.
One straightforward way to indicate wake-up indication for different number of UEs in a group is using a bitmap, in which each bit is semi-statically configured for at least one UE to indicated whether or not to wake up. As illustrated in Figure 2, for a given UE, a bit location is semi-statically configured and therefore the bit location of the UE is the same on different WUS occasions, e.g. WO1 and WO2. 
The miss-detection rate for PDCCH-based DCI format 3_0 is expected to be as low as 0.1%, and this performance requirement leads to the expectation of the payload size of the group-based WUS DCI to be small. On the other hand, besides the WIF field, the DCI format would also carry dormancy indication field for other groups of UEs. Therefore, the bit length of WIF is limited and an efficient way is necessary to transmit group WUS indication for the minimization of resource overhead due to the WUS DCI transmission. Note that DCI format 2_6 is used instead of DCI format 3_0 in the current 38.212 draft CR for power saving, therefore DCI format 2_6 is used in the following observation to align with the specification. 
Observation 4. The length of the Wake-up Indication Field is expected not to be very large considering the high reliability requirement of DCI format 2_6.
Assuming the WIF length is fixed and configured to be N, when the number of UEs that need share the same DCI format 3_0 increases to be larger than N. More than one UEs may need share a bit location semi-statically in the WIF bitmap.  As an example in Figure 2, the WIF has the length of 16 bits and can support up to 16 UEs for a dedicated Wake-up indication. If more UEs need to use wake-up indication for power saving, the UE need to share one bit in the WIF with other UEs semi-statically, which would cause false alarm wake-up to these UEs sharing the same bit and may cause the fairness issue.

[image: ]
[bookmark: _Ref24030636]Figure 2 Wake-up Indication field with semi-statically configured fixed UE bit locations
However, as the sparsity of data arrival, on most of the WUS-based PDCCH occasions, it is expected that only a subset of UEs in the group needs to be indicated to wake up simultaneously. Therefore, a one-to-one semi-statically configured mapping bitmap may introduce unnecessarily large resource overhead, and cannot be easily extended without RRC reconfigurations.
Observation 5. [bookmark: _Ref24034933]In most cases on a WUS occasion, the number of UEs that need to be simultaneously waken up is much smaller than the total number of UEs configured for the group WUS.
Observation 6. A fixed bit location in the Wake-up Indication Field for a given UE which is semi-statically configured by RRC signalling may consume unnecessarily much resource usage, considering the sparsity characteristic of data arrival for the traffic types that benefit for the WUS indication.
To explore the characteristic in Observation 5, a randomized bit location for a UE is proposed to be considered for the Wake-up Indication Field to provide extendable design and minimize the resource overhead. Differently from the fixed bit position of WUS indication for a given UE, a randomized bit location is generated based on UE ID, e.g. C-RNTI, and the time domain information, e.g. slot index and/or symbol index. Typical pseudo random function in legacy specification can be reused.

[image: ]
[bookmark: _Ref24035568]Figure 3 Wake-up Indication field with randomized UE bit locations
An example is shown in Figure 3, the randomized bit location would be different on different WUS occasions even for the same ON duration. As illustrated in Figure 3, for the same UE, e.g. UE1, the corresponding wake-up indication bit is the second bit and the fourth bit on WUS  occasion 1 and WUS occasion 2 respectively. This can reduce the probability that the UE always collides with the WUS indication bit of another UE, and therefore can provide very low false alarm wake-up.
By doing this, a fixed number of bits can be used to indicate the presence of a group of UEs with good scalability and reduced false alarm rate on average. This is especially helpful for the scenario when a large number of UEs configured to share the bitmap used for WUS indication, however, on each WUS DCI transmission, only a smaller number of UEs need to be indicated as wake-up. 
It can be observed that the randomized bit location of WUS indication may also have false alarm rate but the WUS bit location is randomized on different WUS monitoring occasions. Therefore, the probability that the UE collides with other UEs on all the WUS monitoring occasions is lower than the case when semi-statically configured bit location is used. Therefore, the false alarm rate can be reduced especially when more than one WUS monitoring occasions are monitored before the associated ON duration.
Another characteristic of the randomized indication is it can guarantee no miss-detection of WUS. This characteristic matches the requirement of WUS indication well. By using the randomized bit location for WUS indication, low resource usage can be achieved when the total number of UEs is much larger than the number of UEs to be waken up simultaneously on the same WUS occasion. It is proposed to consider the randomized bit location for WUS indication.
Proposal 8. Randomized bit location in the Wake-up Indication Field (WIF) for a given UE is supported to provide scalability and avoid RRC reconfiguration.
· UE specific UE-ID, e.g. C-RNTI, and the time information is at least the input to determine the randomized bit location in the Wake-up indication field on a given WUS occasion.

3) Dormancy Indication Field
	Agreements:
· For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH
· The explicit information field in DCI is a bitmap with up to X1 bits and 1 bit per group of configured Scells
· Each Scell group can have one/multiple Scells and up to X1 Scell groups are configured via RRC. 
· The Scell group configuration is independent from the Scell group configuration for dormancy indication within active time (if supported) 
· X1 = [5]
· Note: X1 is upper bound.
· Note: Number of bits used for explicit information field in WUS PDCCH is based on configuration



As shown above, in RAN1#98bis, it is agreed that up to X1 bits are used for the indication of dormancy behavior for a given UE. Similarly, the design of the Dormancy Indication field (DIF) is also expected to be scalable and extendable with little or even no RRC reconfiguration when a new UE needs to be added in the group of UEs monitoring the DCI format 3_0. Therefore, the similar randomized solution is proposed for the Dormancy indication field, in which each bit corresponding to a Scell group of a given UE is located according to predefined random function. The Scell group ID, UE_ID and the time information are at least the input of the random function to determine the randomized location.
Proposal 9. Randomized bit location in the Dormancy Indication Field (DIF) for a given UE is supported to provide scalability and avoid RRC reconfiguration.
· Scell group ID, UE specific UE-ID, e.g. C-RNTI, and the time information is at least the input to determine the randomized bit location in the Dormancy indication field on a given WUS occasion.

4) Common Indication Field
Besides Wake-up Indication Field and Dormancy Indication Field, DCI format 3_0 can also optionally include a Common Indication Field, which is used to indicate common/broadcast information to all UEs in the group. One example is the SI change indication and PWS indication for emergency event such as earth quake. As illustrated in Figure 4, the indication of SI change and PWS in Common Indication Field in DCI format 3_0 enables UE to skip the reading of paging PDCCH for power saving in connected mode, and simultaneously can be informed with SI change or emergency notification.
[image: ]
[bookmark: _Ref24037306]Figure 4 Illustration of the benefit of indicating PWS notification and SI change in wake-up DCI.
Another potential usage for the Common Indication is to provide dynamic indication for UE regarding how to interpret the DCI format. One example is a flag bit can be used to indicate whether randomized bit location or priori semi-statically configured bit location is used for wake-up indication. Similarly, flag to indicate whether a group of UEs or UE specific information are carried can be also indicated in Common Indication Field.
Proposal 10. Common Indication Field is supported to be configured to indicate common/broadcast information e.g. SI change/PWS indication and/or the indication regarding how to interpret following fields. 
PDCCH design for power saving purpose outside Active Time
[bookmark: _Ref20141118]Remaining issues on search space set 
	Agreements in RAN1#96bis:
· 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

Agreements in RAN1#97
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 in RAN1#97
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




It was already agreed that a dedicated search space is used for PDCCH format 3_0, and the principle of Rel-15 search space configuration is used. There was a working assumption in RAN1#96bis, which is not discussed/challenged for several meetings. To conclude this work, it is proposed to confirm the working assumption.
Proposal 11. The maximum number of search space sets per BWP is not increased due to the introduction of power saving PDCCH.
Proposal 12. Agree that UE BD/non-overlapping CCE limit are not increased due to the introduction of power saving PDCCH to confirm the working assumption in RAN1#96bis.
It is straightforward that the DCI format 3_0 informing a group of UEs power saving information can be transmitted in CSS. The new DCI format 3_0 in CSS may be blocked considering the CSS would be used for other purposes. From network perspective, it is preferred to allow the confirmation to enable DCI format 3_0 can be transmitted in UE specific search space set in addition to the CSS, in which case UE is assumed to monitor PDCCH format 3_0 in both CSS and UESS in the same WUS monitoring window associated with the ON duration. Note that DCI format 2_6 is used instead of DCI format 3_0 in the current 38.212 draft CR for power saving, therefore DCI format 2_6 is used in the following proposal to align with the specification.
Proposal 13. UESS can also be used for transmitting DCI format 2_6, in which case UE is configured to monitor CSS and UESS simultaneously for DCI format 2_6.
[bookmark: _Ref19711553]DMRS design of the power saving PDCCH outside Active time
The detection power of the power saving signal needs to be considered in the design of power saving signal. According to the study on UE power saving, it is generally preferred to have low power consumption and low detection complexity for the power saving signal/channel, especially for the power saving signal/channel carrying wake-up information. If the UE needs to use almost the same power as that for detecting a scheduling DCI, the benefit of the wake-up signal vanishes especially for the cases with a short C-DRX on duration timer.
Proposal 14. As design principle for PDCCH-based WUS, minimize the power consumption due to PDCCH-based power saving signal/channel detection.
Usually, to detect a PDCCH, a UE first does channel estimation, and then demodulates and blind decodes each candidate in the search space set. A DCI is detected when the CRC is correctly verified for a PDCCH candidate. The blind demodulation and decoding of every PDCCH candidate consumes UE power. If the DMRS sequence of PDCCH can be used to early terminate the demodulation and decoding of some PDCCH candidates where the WUS DCI does not transmit, the UE power consumption can be reduced. For example, if the DMRS of PDCCH is specific with respect to the WUS DCI, the UE can firstly do DMRS presence detection to exclude PDCCH candidates that are not expected to transmit the WUS DCI. This is especially useful for a good coverage UE to early terminate the modulation and blind decoding of PDCCH candidates where the WUS DCI is not transmitted. Once the DMRS of a PDCCH candidate is detected to be present, the UE further demodulates and blindly decodes the corresponding DCI on the PDCCH candidate.
One straightforward way to make the DMRS specific with respect to the WUS DCI is to introduce WUS related information into the initialization seed of the DMRS scrambling. 
Proposal 15. Adopt WUS-specific PDCCH DMRS initialization to differentiate from legacy PDCCH DMRS. 

Scrambling of the power saving PDCCH outside Active time 
In RAN1#97 & RAN1#98bis meeting, the following agreements on PS-RNTI for PDCCH format 3_0outside active time are reached: 
	Agreements in RAN1#97:
· 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

Agreement in RAN1#98bis:
A new DCI format 3_0 is introduced for providing the indication of power saving information used outside Active Time in Rel-16

Terminology of PDCCH-based power saving signal/channel outside Active Time is DCI with CRC scrambled by PS-RNTI 
· Note PS-RNTI is monitored only outside Active Time in Rel-16



In NR, the scrambling sequence of PDCCH is initialized with:
[image: ].
In current specification, if PDCCH is transmitted in UESS and DMRS scrambling sequence initialization value pdcch-DMRS-ScramblingID is configured, [image: ]is C-RNTI and [image: ]is equal to pdcch-DMRS-ScramblingID; Otherwise, [image: ]is 0 and [image: ]is equal to cell ID.
In RAN1#98 meeting, the power saving PDCCH has been agreed to be monitored at least in CSS.
	Agreements:
· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS



[bookmark: _GoBack]For scrambling sequence of PDCCH format 3_0, one straightforward way is to follow the principle of normal PDCCH, i.e. reusing the  above equation for  [image: ], where the [image: ]is set to PS-RNTI only if PDCCHformat 3_0 is transmitted/detected in UESS and pdcch-DMRS-ScramblingID is configured; Otherwise, [image: ] is 0 and [image: ]is equal to cell ID. To follow this way, if PDCCH format 3_0 in CSS (which has been agreed) or the pdcch-DMRS-ScramblingID is not configured for the CORESET of PDCCH format 3_0, the scrambling sequence is the same with other legacy PDCCH (e.g. group-common PDCCH). However, for PDCCH format 3_0, the miss-detection target is set to 0.1% and this performance requirement is higher than normal purpose of other legacy PDCCH. In order to further randomize the interference from other legacy PDCCH, it is preferred that [image: ]is always equal to PS-RNTI regardless of the configuration of search space set and CORESET. If the WUS-specific PDCCH DMRS scrambling sequence initialization value in section 2.2.2 is introduced, the [image: ] can be equal to this value to further differentiate from other legacy PDCCH and improve detection performance. Note that DCI format 2_6 is used instead of DCI format 3_0 in the current 38.212 draft CR for power saving, therefore DCI format 2_6 is used in the following proposal to align with the specification.
Proposal 16. The scrambling sequence of PDCCH format 2_6 is initialized with:
[image: ],
where [image: ] is equal to PS-RNTI regardless of  the used search space set and CORESET, and [image: ]is equal to the value used for the initiation of DMRS scrambling.

WUS procedures
Remaining issues on WUS monitoring occasions for Long/Short DRX cycle
In RAN1#97 & RAN1#98bis, the following agreement was made regarding monitoring occasion for PDCCH format 3_0, and a working assumption regarding the range of monitoring was agreed:
	Agreements in RAN1#97:
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

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

Agreement in RAN1#98bis:
The following working assumption is confirmed:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON

UE starts monitoring the PDCCH with CRC scrambled by PS-RNTI at the configured PS_offset before the start of DRX ON until the end of the configured range of monitoring.   
· The “PS_offset” is a new higher layer parameter  
· (Working assumption) the range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change 
· Note: the value of “range” is smaller than that of PS_offset, e.g., to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON



As discussed online in RAN1#98bis meeting, PS_offset defines the start of a WUS monitoring window/mask, and the duration, i.e. the ‘range ’, of the WUS monitoring window is derived based on existing parameters, e.g., duration and monitoringSymbolsWithinSlot, in SearchSpace IE without any change. As illustrated in Figure 5, the WUS monitoring window starts from the time location which is PS_offsest before the associated ON duration, and all the PDCCH monitoring occasions derived from the existing parameters of search space sets are to be monitored until the end of the range derived from the duration/monitoringSymbolsWithinSlot.
It is agreed in RAN1 #98bis that Rel-16 reuses the existing search space configuration to configure the PDCCH monitoring occasions for WUS, and UE monitors the PDCCH-WUS during a “window” before the start of DRX On Duration, in which the start of the “window” is determined by the higher layer parameter PS_offset. Based on the agreement, the range of WUS monitoring should be effectively ended with an offset before the start of the DRX On duration to ensure UE with sufficient time for preparing for PDCCH monitoring at the DRX ON. Therefore, an offset does actually exist between the end of the “window” to the start of ON duration. To facilitate the discussion, this offset before the DRX On Duration is referred as “WUS ending offset” in the discussion.
As we know, UE needs some time to wake-up from the WUS DCI monitoring status to the full capability to detect normal PDCCH/PDSCH. Therefore, there is a note to say the preparation for PDCCH monitoring at the DRX ON is ensured. According to the clarification during online discussion in RAN1#98bis, it is clarified that if a WUS occasion is after the start of the minimum WUS offset configured by the gNB, the UE is expected not to detect the WUS monitoring occasions. To be more precise, it is proposed to agree the following proposal and confirm the working assumption.

Proposal 17. A minimum WUS ending offset before the associated ON duration is configured by gNB in UE specific signaling:
· UE is not expected to monitor the PDCCH monitoring occasions if the PDCCH monitoring occasion is after the start of the configured minimum WUS ending offset.

[image: ]
[bookmark: _Ref24063994]Figure 5 An example of monitoring window with two search space sets configured

In Rel-15, the UE can use either long DRX cycle or short DRX cycle at one time, if configured. And the UE can switch between the short DRX cycle and long DRX cycle based on the following rules:
· If a DRX Command MAC CE is received, the UE uses the Short DRX Cycle if it is configured. 
· If a Long DRX Command MAC CE is received or the drx-ShortCycleTimer expires, the UE needs to use the Long DRX cycle. 
In RAN1#98bis meeting, the PDCCH-based power saving signal for long DRX cycle is agreed, and for short DRX cycle, there is a working assumption of not configuring PDCCH-based power saving signal:
	Agreements:
· The PDCCH-based power saving signal/channel can be configured for long DRX for a UE
· (Working assumption) If there is also short DRX cycle configured for the UE, the PDCCH-based power saving signal/channel is not applicable for the short DRX cycle


In our view, WUS should be applied also for short DRX cycles for power saving gain in this case. If the WUS is not supported for short DRX cycle, the UE shall have to monitor each ON duration for short DRX cycles. In the worst case, the data arrives sparsely but unfortunately the drx-ShortCycleTimer does not expire. In this case, UE shall work in short DRX cycle for long time, however, for most of the ON durations, there is no PDCCH transmission at all. The UE will suffer from the unnecessary power consumption because of the lack of WUS.
Proposal 18. The WUS is supported for both long DRX cycle mode and short DRX cycle mode.
[bookmark: _Ref24014342]Background processing when WUS is configured
The following agreements have been agreed in RAN2#107 meeting. And in RAN2#107bis meeting, there was a LS [3] sent out to RAN1 to ask RAN1’s views on the behavior of P/SP SRS and CSI reporting if the PDCCH-WUS indicates UE not to start the drx-onDurationTimer. Therefore, the impacts of PDCCH-WUS on P/SP SRS and CSI reporting are discussed in this section. 
	Agreements in RAN2#107:
1. On a PDCCH-WUS occasion that a UE is monitoring, if the UE is indicated to wake-up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer, the UE starts the drx-onDurationTimer at its next occasion. Otherwise it does not.
2. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.
3. RLM and RRM measurements are not impacted by WUS design (i.e. the UE continues to measure the required reference signals as per RRM requirements)
[bookmark: OLE_LINK1]LS in R2-1914200:
Based on the above RAN2 agreements, as a consequence, RAN2 understands the UE would not report P/SP SRS and CSI during the next on-duration if PDCCH-WUS does not wake the UE up. RAN2 did not explicitly discuss whether this is the desired behaviour or not regarding P/SP SRS and CSI reporting, and would like to check if RAN1 has any views/concern on this behaviour.



1) Impact of PDCCH-WUS on P/SP CSI reporting and measurement
As per the LS above, if follow the same behaviour specified Rel-15 specification, UE shall not perform periodic/semi-persistent CSI reporting if the ON duration Timer is not triggered by the DCI format 3_0. A UE shall not measure and report CSI for a long time which would be a number of consecutive DRX cycles. Therefore, the channel quality for the UE would be out of date on the gNB and this will degrade the PDSCH and PDCCH-WUS performance. In worst cases, such as in the high mobility scenario, the gNB may lose the UE’s WUS beam and this may cause the UE to trigger the procedure of link failure recovery, which increases traffic latency and consumes more UE power. 
Observation 7. If UE ignores the P/SP CSI reporting when the wake-up indication is not detected, the PDCCH-WUS performance would be degraded.
In addition, in Rel-15 38.214 specification, it is specified that the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported. 
	38.214 5.1.6.1 CSI-RS reception procedure:
[bookmark: OLE_LINK4]If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.


Therefore, after UE wakes up from a long duration of sleep, the firstly reported CSI measurement is actually based on the measurement occasion in the last active time, which would be a number of DRX cycles before. The reported CSI measurement would not match the current channel condition. The reporting of out-of-date CSI would be useless and consumes UE power unnecessarily. Also, due to the inaccurate channel quality, the UE may be scheduled with degraded PDSCH/PUSCH performance, which would cause longer transmission/reception time causing more power consumption.
Observation 8. If UE ignores the P/SP CSI measurement in the ON duration if the wake-up indication is not detected, the firstly reported CSI after UE wakes up may be out-of-date since the measurement occasion occurs in the last active time, which could be a long time duration before.
From the above observations, it is not preferred to ignore the P/SP CSI measurement/reporting when the ON duration timer is not triggered by the WUS indication for both performance perspective. 
To enable the UE report the up-to-date CSI when the UE wakes up in On Duration, the most recent CSI measurement occasion for CSI to be reported is suggested to be allowed to be outside Active Time. A straightforward way would be to configure UE to perform CSI measurement within the ON duration once every N DRX cycles regardless whether the ON duration is triggered or not. With such methods, even if UE has skipped a number of DRX cycles and wakes up on the next ON duration, the most recent CSI measurement occasion for CSI to be reported in the ON duration can be the last occasion outside Active Time, which is close enough to the ON duration. The value N can be configured to trade off between the performance and UE power consumption.
Proposal 19. [bookmark: OLE_LINK5]P/SP CSI measurement is allowed at least on a subset of ON durations regardless whether the ON duration is outside DRX Active Time. 
· [bookmark: OLE_LINK3]UE can be configured to perform CSI measurement within the On Duration once every N DRX cycles.
Regarding CSI reporting, it would be better to allow P/SP CSI reporting at least on some of the ON durations regardless whether the wake-up indication is detected. This can help the gNB to timely update CSI and maintain the link adaptation performance to facilitate the link adaptation PDCCH that carries DCI WUS. UE can be configured to perform P/SP CSI reporting within the On Duration once every N DRX cycles even if the On Duration is not within the DRX Active Time. However, even proposal 20 is not allowed, the CSI-reporting implicitly triggered by wake-up indication as proposed in proposal 1 can enable the initial report of CSI after the UE wakes up.
Proposal 20. [bookmark: _Ref24060169]P/SP CSI reporting is allowed at least on some of the ON durations regardless whether the wake-up is indicated or not. 
· UE can be configured to report CSI within the On Duration once every N DRX cycles.
2) Impact of PDCCH-WUS on P/SP SRS reporting 
There are some similar concerns regarding the impact of WUS DCI on P/SP SRS reporting. Based on Rel-15 behaviour, if UE does not send P/SP SRS when the wake-up indication is not detected for a long time, the network cannot acquire the up-to-date channel state for the UE. The uplink synchronization may also be lost which would degrade the uplink performance. And the problem may even be worse in TDD scenario where the downlink CSI may be derived based on the SRS reporting. 
Observation 9. [bookmark: _Ref24060137]If UE ignores the P/SP SRS reporting when the wake-up indication is not detected, the uplink synchronization and the PDSCH/PUSCH performance would be impacted.
To resolve the issue in Observation 9, the similar methods propose in Proposal 20 can be used. 
Proposal 21. SRS transmission is supported on some configurable SRS reporting occasions irrespective of the WUS indication.
· UE can be configured to allow SRS transmission within the On Duration once every N DRX cycles;
UE behavior on valid and invalid WUS occasions
	Agreements:
UE follows legacy DRX operation to wake up and start the OnDurationTimer at the next DRX ON at least for the case when the active BWP is not configured with the PDCCH –based power saving signal/channel
· FFS other cases (e.g., the monitoring occasion at the PDCCH-based power saving signal/channel is not valid for the UE,  e.g., collision with other procedures)


In RAN1 #98bis, it was agreed that when the monitoring occasions for DCI format 3_0 is invalid the UE is assumed to follow legacy DRX operation, where the invalid WUS occasions at least include the case when the active BWP is not configured with DCI format 3_0. It is FFS to define other cases for invalid monitoring occasions. To resolve the FFS, further discussion is provided to identify the invalid WUS occasions.
1) Case 1: collision with timer-based BWP switching
In Figure 6, we show an example of Timer-based BWP switching case. If the active BWP is not default BWP and bwp-InactivityTimer get expired right before Active Time of the default BWP, the WUS monitoring occasion(s) configured in default BWP may collided with the BWP switch delay. Consequently, UE cannot detect the DCI format 3_0 during the BWP switching time, where the UE is not expected for reception/transmission of any signal. [image: ]
[bookmark: _Ref20661904]Figure 6  An example of WUS monitoring occasion(s) overlapping with BWP switch delay
2) Case 2: no valid WUS monitoring occasions in the WUS monitoring window
As PS_offset, the start of a WUS monitoring window/mask, is independent configured to UE from the CDRX configuration. It is possible that the slot derived from Ps_offset is exactly following one duration of the search space set for DCI format 3_0, and there may be no valid monitoring occasions falling in the window derived by Ps_offset and the ‘range’ if the ‘range’ is smaller than the period of the search space set, as illustrated in Figure 6. In the case, UE cannot detect the DCI format 3_0 and should take the legacy DRX operation in Rel-15.
[image: ]
Figure 7  An example of no valid monitoring occasion(s) in the monitoring window

3) Case 3: Collision with TDD-DL-UL configuration or SFI
It is identified in RAN1 #98bis that the valid search space set monitoring periodicities cannot totally match the valid CDRX periodicities. It needs much work to match them in spec, which also leads to complexity of gNB implementation. To resolve the issue, a ‘monitoring window’ is introduced for DCI format 3_0 monitoring. 
For the similar reason, TDD-DL-UL configuration (or SFI) is independently configured (or indicated) to the UE from search space set configuration and CDRX configuration. It is possible that the WUS monitoring occasions are partially or fully overlapped with UL symbol. In this case the UE cannot detect the DCI format 3_0 since DCI format 3_0 can only be transmitted in DL symbols. The WUS monitoring occasions should be considered as invalid WUS occasions

Proposal 22. The following cases are identified as invalid WUS occasions, on which the UE is assumed to follow legacy DRX operation to wake up and start the OnDurationTimer at the associated DRX ON
· WUS occasions collides with timer-based BWP switching
· WUS occasions collides with uplink part in the TDD-DL-UL configuration 
· no WUS occasions are available inside the monitoring window
[bookmark: _Ref20130210]UE capability reporting and UE assistance information
It should be the common understanding that UE needs some time to at least decode DCI format 3_0. However, the decoding speed and wakeup speed highly depend on UE implementation, it is reasonable for UE to report the related information to gNB. Since the time needed before OnDuration does not depend on traffic, it is preferred to report it via UE capability than UE assistance information.
One thing to emphasize is that the ‘time’ UE reported should be corresponding to the ‘ending offset’ of the monitoring window instead of the ‘starting offset’ (i.e., the PS_offset). Once the ending offset is determined by the gNB based on UE’s reporting, gNB has the flexibility to configure the ‘length’ of the monitoring window via PS_offset considering many factors such as UE number, blocking probability, operating band, and etc.
It is noted that although the ‘time’ needed before OnDuration does not depend on traffic, it depends on the functionalities and/or DRX configurations. For example, during the SI phase, it is widely known that the sleep type mainly depends on the available sleep duration, which is further determined by the DRX cycle length. Therefore, the value of “ending offset” may also be impacted by the DRX cycle length. On the other hand, the needed time obviously should be different for the case only “wakeup” is indicated and the case both “wakeup” and “dormancy” are indicated, since the two cases requires different internal tasks within the UE. However, the UE usually reports its capability before the RRC configuration which means that when the UE reports its preferred “ending offset” value, the UE does not know what tasks would be configured by the gNB to be done during the WUS ending offset.  Therefore the UE may report multiple values, where each value is for a different CDRX/functionality configuration. More details can be found in [7].
Proposal 23. Support UE to report required minimum offset(s) from the end of WUS monitoring window to the start of the associated ON duration as UE capability.
· If multiple values are reported, each value is for a different CDRX/functionality configuration.
As we explained in 2.1.1, the SCells sharing the same RF frontend should be grouped together to perform dormancy or non-dormancy behavior. Otherwise, little power saving is expected for dormancy behavior. However, RF frontend sharing depends on UE implementation, which cannot known by the gNB without UE’s reporting. It is essential and strongly suggested to allow UE to report SCell grouping related information. Since the gNB can change the SCell configuration based on the traffic or UE position, it is preferred that UE report SCell grouping via UE assistance information. More details can be found in [7].
Proposal 24.  Support UE to report SCell grouping via UE assistance information.
Conclusions
The DCI format design and the PDCCH structure for the power saving signal/channel are discussed in the contribution. 
Regarding the remaining discussion on power saving functionalities, the following observations and proposals are obtained based on the analysis.
Observation 1.	The performance impact needs to be considered into the design of WUS mechanism considering the CSI measurement and reporting would be skipped if a number of ON durations are not indicated to wake-up.
Observation 2.	The power saving gain may not be as attractive as expected if a gNB cannot properly configures the grouping of SCells for dormancy adaptation due to the lack of essential information on UE.
Proposal 1.	A UE configured with WUS indication can be configured to transmit CSI reporting in the associated ON duration implicitly when wake-up is indicated in the DCI format 2_6.
Proposal 2.	For a UE, up to X1=3 bits for dormancy behaviour indication can be configured.
Proposal 3.	The dormancy adaptation triggered by DCI format 2_6 reuses the same mechanism for the adaptation between dormancy and non-dormancy behaviour triggered inside Active Time.
Proposal 4.	Both wake-up indication and dormancy indication information can be configured with zero bit-length..
Proposal 5.	When UE is outside the DRX Active Time, the number of detected DCI format size(s) should not be larger than 2. 
Proposal 6.	Payload size of the group DCI based WUS is aligned with the size of DCI formats scrambled by SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI.
Regarding the detailed DCI format design for DCI format 2_6 (i.e. DCI format 3_0 used in the discussion for power saving), the following observations are obtained and the related proposals on the DCI format 2_6 are proposed based on the observations:
Observation 3.	The DCI format 2_6 design is desired to be scalable/extendable so that no reconfiguration is needed when a new UE is added to the group to be indicated by the DCI.
Observation 4.	The length of the Wake-up Indication Field is expected not to be very large considering the high reliability requirement of DCI format 2_6.
Observation 5.	In most cases on a WUS occasion, the number of UEs that need to be simultaneously waken up is much smaller than the total number of UEs configured for the group WUS.
Observation 6.	A fixed bit location in the Wake-up Indication Field for a given UE which is semi-statically configured by RRC signalling may consume unnecessarily much resource usage, considering the sparsity characteristic of data arrival for the traffic types that benefit for the WUS indication.
Proposal 7.	For a given UE, the wake-up indication bit and the X1bits indication of dormancy behavior are included in two individual fields, which are semi-statically configured with bit lengths that are not expected to be changed frequently.
Proposal 8.	Randomized bit location in the Wake-up Indication Field (WIF) for a given UE is supported to provide scalability and avoid RRC reconfiguration.
· UE specific UE-ID, e.g. C-RNTI, and the time information is at least the input to determine the randomized bit location in the Wake-up indication field on a given WUS occasion.
Proposal 9.	Randomized bit location in the Dormancy Indication Field (DIF) for a given UE is supported to provide scalability and avoid RRC reconfiguration.
· Scell group ID, UE specific UE-ID, e.g. C-RNTI, and the time information is at least the input to determine the randomized bit location in the Dormancy indication field on a given WUS occasion.
Proposal 10.	Common Indication Field is supported to be configured to indicate common/broadcast information e.g. SI change/PWS indication and/or the indication regarding how to interpret following fields.

The proposals for the remaining issues of PDCCH that carries the DCI format 2_6 (i.e. DCI format 3_0 used in the discussion for power saving) are from proposal 11 to proposal 16.
Proposal 11.	The maximum number of search space sets per BWP is not increased due to the introduction of power saving PDCCH.
Proposal 12.	Agree that UE BD/non-overlapping CCE limit are not increased due to the introduction of power saving PDCCH to confirm the working assumption in RAN1#96bis.
Proposal 13.	UESS can also be used for transmitting DCI format 2_6, in which case UE is configured to monitor CSS and UESS simultaneously for DCI format 2_6.
Proposal 14.	As design principle for PDCCH-based WUS, minimize the power consumption due to PDCCH-based power saving signal/channel detection.
Proposal 15.	Adopt WUS-specific PDCCH DMRS initialization to differentiate from legacy PDCCH DMRS.
Proposal 16.	The scrambling sequence of PDCCH format 2_6 is initialized with:
[image: ],
where [image: ] is equal to PS-RNTI regardless of  the used search space set and CORESET, and [image: ]is equal to the value used for the initiation of DMRS scrambling.

WUS procedures are also discussed in section 2.3 and related proposals are proposed accordingly. 
Proposal 17.	A minimum WUS ending offset before the associated ON duration is configured by gNB in UE specific signaling:
· UE is not expected to monitor the PDCCH monitoring occasions if the PDCCH monitoring occasion is after the start of the configured minimum WUS ending offset.
Proposal 18.	The WUS is supported for both long DRX cycle mode and short DRX cycle mode.
Proposal 19.	P/SP CSI measurement is allowed at least on a subset of ON durations regardless whether the ON duration is outside DRX Active Time. 
· UE can be configured to perform CSI measurement within the On Duration once every N DRX cycles.
Proposal 20.	P/SP CSI reporting is allowed at least on some of the ON durations regardless whether the wake-up is indicated or not. 
· UE can be configured to report CSI within the On Duration once every N DRX cycles.
Proposal 21.	SRS transmission is supported on some configurable SRS reporting occasions irrespective of the WUS indication.
-	UE can be configured to allow SRS transmission within the On Duration once every N DRX cycles.
Proposal 22.	The following cases are identified as invalid WUS occasions, on which the UE is assumed to follow legacy DRX operation to wake up and start the OnDurationTimer at the associated DRX ON
· WUS occasions collides with timer-based BWP switching
· WUS occasions collides with uplink part in the TDD-DL-UL configuration 
· No WUS occasions are available inside the monitoring window
Proposal 23.	Support UE to report required minimum offset(s) from the end of WUS monitoring window to the start of the associated ON duration as UE capability.
-	If multiple values are reported, each value is for a different CDRX/functionality configuration.
Proposal 24.	 Support UE to report SCell grouping via UE assistance information.
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