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Introduction
In RAN plenary #83, TR 38.840 [1][2] for UE power saving study was approved and the study item was concluded. It was observed and concluded that support for power saving signal/channel triggering UE adaptation can be beneficial for UE power saving. Based on the conclusion from the study, the WID [3] was approved in RAN plenary #83, and the WID was further updated [4] in RAN plenary #84 to incorporate observation and conclusion from RAN2’s study. In RAN plenary #85, although further refinement of the work item was discussed, it was decided not to update the WID. 
Throughout RAN1 #96bis, #97, and #98, the discussion continued and some agreements on the PDCCH-based power saving channels were made in RAN1’s scope. In this contribution, the remaining issues of PDCCH-based power saving channel specification will be discussed.

Discussion
PDCCH-based power saving channels in the RRC_CONNECTED mode has two aspects:
(1) For wake-up signaling (WUS) during the inactive state (e.g., outside the DRX Active Time)
(2) For triggering UE adaptation signaling during the active state (e.g., DRX Active Time or non-DRX configuration)
The above categorization can be justified by the fact that power saving in the two cases (i.e., inactive and active states) has different requirements and design principles. In the last three meetings (RAN1 #96bis, #97, and #98), the discussion on the second aspect above has almost been finalized, at least in the current WI scope. In the following subsections, we provide our views on the remaining issues of PDCCH-based wake-up channel design.

Design for WUS scheme for C-DRX
[bookmark: _Ref16759325][bookmark: _Ref7801457]Requirement and design consideration
In RAN1 #97 and RAN2 #107, the following agreements have been made.
	Agreements:
The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON
· “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space
· FFS: The value and the range of offset

3.   The PDCCH-WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.


In our earlier contribution [5], it was noted that the power saving benefits of introducing WUS mostly lie in the two-stage wake-up procedure, illustrated in Figure 1. This is a distinguishing feature of PDCCH-based WUS from Rel-15 C-DRX configuration of very short (e.g., 1-slot) onDuration. At the WUS occasion during the inactive state, UE enters the first stage for monitoring a PDCCH-WUS. At this stage, UE’s capability may be strictly limited for power saving. For example, the UE does not expect to receive a same-slot scheduling grant for PDSCH or to be ready to transmit PUCCH in response to the PDSCH reception. Also, once the UE decodes a wake-up PDCCH in the WUS occasion, there is a time offset (i.e., wake-up offset) to the onDuration. Therefore, in the first stage, a lower power implementation can be achieved by optimizing, at least: (i) the PDCCH processing timeline, (ii) the amount of hardware needed to be online, (iii) the voltage/clock operating point of hardware, and potentially (iv) the Rx bandwidth and the number of antennas. Only when a wake-up PDCCH is decoded, the UE transitions to the second stage, by waking up additional hardware and processing (e.g., BWP/CC switching, CSI-RS processing, etc.), to get ready for DL/UL data scheduling. This second stage wake-up consumes additional energy but can be skipped for empty C-DRX cycles.
Since the management strategy of hardware blocks during the wake-up procedure and the degree of optimization may depend on the implementation, the minimum requirement for the wake-up offset, as well as the achievable power saving gain, may also vary across devices. As such, it is logical to make the wake-up offset configurable based on the UE’s capability. 
[bookmark: _Toc21107261]Proposal 1: The minimum value or range of the wake-up offset depends on the UE’s capability.
Observing the similarities of involved operations, we believe that the existing “Active BWP switching delay” feature group [7] can be the baseline. That is, different types/classes of UE capabilities may be defined, each of which comprises one or more combinations of minimum offset values for Short/Long DRX cycles and/or different FR/numerologies.
[bookmark: _Toc21107256]Observation 1: UE’s capability for wake-up offset comprises one or more combination of values for Short/Long DRX cycles and/or different FR/numerologies.
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[bookmark: _Ref534718886]Figure 1: Two-stage wake-up timeline for PDCCH-based WUS (y-axis roughly proportional to power consumption)

As long as the minimum requirement is satisfied, configuration of a specific wake-up offset for a UE is up to the network. However, configuring an excessively large wake-up offset may not help or even be disadvantageous for power saving. It may require further discussion to decide the upper limit of the configurable wake-up offset value which can reconcile both the flexibility and power saving benefit. Considering the wake-up procedure discussed above, a reasonable guideline would be that the WUS occasion for a DRX cycle is placed within the DRX cycle right before the associated onDuration. Although this would be very loose restriction for Long DRX cycles, it can be a meaningful bound for Short DRX cycles.
[bookmark: _Toc21107262]Proposal 2. UE is not expected to be configured with a wake-up offset larger than the configured DRX (either Short or Long) cycle.

[bookmark: _Ref16876489]Wake-up PDCCH Configuration
[bookmark: _Ref4673408]CORESET configuration for WUS
Related to the CORESET configuration for WUS, the following agreement and working assumption have been made in RAN1 #98.
	Agreements:
· The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 

Working assumption:
· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).


Recall that the PDCCH-WUS requires more stringent misdetection performance than other PDCCHs [2]. However, in some operational scenarios such as FR2 use cases, the link quality during the WUS occasion may be harsher than the Active Time due to limited link management opportunities during the DRX operation. Also, PDCCH-WUS may be group-specifically configured, whereas other PDCCHs during the Active Time may be UE-specific. Thus, it may be required and beneficial for the UE to configure at least one of its CORESETs being particularly optimized for PDCCH-WUS. For example, the CORESET may be configured with wide-band DMRS mapping (i.e., precoderGranularity = allContiguousRBs) or interleaved CCE-to-REG mapping for improved robustness, and one-symbol CORESET duration for reduce power consumption for monitoring PDCCH-WUS. The rest of the CORESTs, which are not associated with the WU-search space set, may mainly be used during the Active Time and have different optimal configuration due to the different requirements and link condition.
[bookmark: _Toc21107257]Observation 2: The required CORESET configuration for PDCCH-WUS outside the Active Time and other PDCCH during the Active Time can be different.
Considering the observation above, using the same CORESET configuration both during and outside the Active Time may not always be very efficient. In addition, in RAN1 #97, it was agreed to allow more than one (e.g., up to [ 3 ]) CORESETs with different TCI states for WUS; this provides improved spatial and temporal diversity with WUS beam sweeping [5]. If there were an enough budget of CORESETs per BWP, some CORESETs might be set aside for PDCCH-WUS, while the rest are for other PDCCHs during the Active Time. However, the limit of three CORESETs per BWP in Rel-15 may be far from enough. Therefore, increasing the maximum number of configurable CORESETs per BWP may be deemed as a candidate enhancement for Rel-16 UE power saving.
If the main purpose of increasing the number of CORESETs is facilitating CORESET configuration outside the Active Time and there is no strong motivation of increasing the number of CORESETs during the Active Time (e.g., for enhanced scheduling flexibility), separate accounting of CORESET budgets within and outside the Active Time can be introduced. Figure 2 shows an example of separate CORESET accounting. In this example, the total number of CORESETs is 5, whereas the number of CORESETs monitored during and outside the Active Time is limited to 3. As such, some CORESETs may be exclusively used during or outside the Active Time, while some others may be used in both cases.
[bookmark: _Toc21107263]Proposal 3: For efficient CORESET sharing within and outside the Active Time, the maximum number of configurable CORESETs per BWP in Rel-16 should be increased relative to that in Rel-15. Additionally, the number of CORESETs per BWP can be separately accounted within and outside the Active Time.


[bookmark: _Ref21105980]Figure 2: CORESETs during and outside the Active Time
[bookmark: _Ref4673409]Wake-up Search Space
The followings have been agreed in RAN1 #98.
	Working assumption:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON

Conclusion:
For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  
· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON
· Alt2: The Offset is based on search space configuration
· FFS: whether this applies to long DRX only or long/short DRX.


In RAN2 #107, some UE behavior for monitoring PDCCH-WUS was agreed from RAN2’s perspective: (1) The PDCCH-WUS is monitored only within the WUS occasion outside the Active Time. During the Active Time, the UE does not monitor PDCCH-WUS. (2) The WUS occasion is located at a configured offset before the start of the drx-onDurationTimer. 
As RAN1 has already agreed to have dedicated search space set configuration for PDCCH-WUS (i.e., WU-search space set), an immediate way to support the agreed PDCCH-WUS monitoring behavior is introducing an explicit offset parameter within the WU-search space set configuration (i.e., Alt 1 of the Conclusion in RAN1 #98), rather than relying on the periodicity parameter in the legacy search space set configuration. When the Short DRX cycle is configured, the DRX cycle may adapt between the Short and Long DRX cycles. Using the explicit offset value in this case is beneficial because, due to the irregular occurrence of onDuration, a single periodicity value cannot locate the WUS occasion before every onDuration. Even without Short DRX configuration, the range and candidate values for the search space set periodicity-and-offset is not aligned with those for DRX cycle-and-offset. Therefore, using explicit offset value provided additional benefit of more streamlined configuration.
[bookmark: _Toc16884526][bookmark: _Toc21107264]Proposal 4: Dedicated search space sets for PDCCH-WUS supports configuration of monitoring occasion by an offset value relative to the start of onDuration, rather than configuration by a fixed periodicity.
To enable more than one PDCCH-WUS occasions over a multi-slot WUS occasion (agreements in RAN1 #97 and #98), the same Rel-15 mechanism for search space set configuration can be used for the WU-search space set. Within a single search space set, multiple PDCCH occasions can be configured over multiple slots by using “monitoringSymbolsWIthinSlot” and “duration” parameters in the SearchSpace IE. Additionally, more than one WU-search space sets may be configured for a UE. When more than one CORESETs with different TCI states are configured for PDCCH-WUS per BWP (as per RAN1 #97 agreements), each CORESET can be associated with a different WU-search space set to provide beam diversity of PDCCH-WUS for enhanced robustness. 
[bookmark: _Toc21107265]Proposal 5: Outside the Active time, along with multiple CORESETs for PDCCH-WUS, more than one dedicated search space set for PDCCH-WUS per BWP are supported. Each dedicated search space sets can be associated with a different CORESET.
According to the power model in [2], the depth of sleep and the corresponding power consumption depends on the DRX cycle due to the required transition time. Thus, when the Short DRX cycle is configured, different configurations of PDCCH-WUS may be applied for Short and Long DRX cycles. For example, if the UE is in the light or micro-sleep during the Short DRX cycle, a shorter WUS-offset may be applied compared to the Long DRX cycle. In addition, during the Short DRX cycles, the UE may have already recovered the link to the gNB during the previous Active Time and, therefore, a smaller aggregation level for PDCCH-WUS may be sufficient. 
[bookmark: _Toc21107266]Proposal 6: Separate configurations of PDCCH-WUS (e.g., WUS-offset, aggregation level, number of monitoring occasions, etc.) are supported for Short and Long DRX cycles.
To enable the independent configuration of PDCCH-WUS for Short and Long DRX cycles, an association between the type of DRX cycle and a WU-search space set may be defined. For instance, the WU-search space set may be configured in association with the Short, Long, or both types of DRX cycles. To be specific, depending on the association, the corresponding WU-search space set is monitored only at Short or Long DRX cycle, or at both types of DRX cycles. Thus, by configuring more than one WU-search space set with different DRX cycle associations, different PDCCH-WUS configurations can be applied to Short and Long DRX cycles.
[bookmark: _Toc21107258]Observation 3: WU-search space set may be associated with either Short, Long, or both types of DRX cycles, to enable independent or common PDCCH-WUS configuration for Short and Long DRX cycles.
The maximum number of WU-search space sets per BWP may need further discussion. However, since the WU-search space sets are only monitored outside the Active Time and in order not to consume the limited budget of search space resources during the Active Time, it would be desirable to separate the accounts for the number of search space sets. 
[bookmark: _Toc21107267]Proposal 7: The number of wake-up search space sets is separately accounted from the search space sets for PDCCH monitoring during the Active Time.

[bookmark: _Ref7807562]Bandwidth Part for WUS
Related to the BWP for WUS, the following agreements and working assumptions have been made in RAN1 #98.
	Working assumption:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell. 


From the discussion in Section 2.1.2.2, the PDCCH-WUS is configured by means of WU-search space set. If the current active BWP contains at least one WU-search space set, the UE may monitor the PDCCH-WUS according to the configuration. Otherwise, the UE will not monitor the PDCCH-WUS on the current active BWP. In our view, it may not be necessary or efficient to configure the PDCCH-WUS on every configured BWP. Depending on the intended uses of BWPs (e.g., power saving, high data rate, etc.), the network may decide on which and how many BWPs it will configure the PDCCH-WUS. However, if only one BWP among all configured BWPs should be selected for PDCCH-WUS, the default BWP or the initial BWP if the default BWP is not configured would be the logical choice. Due to the BWP inactivity timer operation, the UE falls back to the initial/default BWP during a long duration of traffic inactivity. Thus, when a UE approaches the PDCCH-WUS occasion, it is very likely that the UE’s active BWP is the initial/default BWP due to BWP timer expiration in the previous DRX cycle. By placing the PDCCH-WUS occasion in the initial/default BWP, the chance for the UE to monitor PDCCH-WUS, and accordingly the power saving gain, would be maximized.
[bookmark: _Toc21107268]Proposal 8: If PDCCH-WUS is configured on at least one configured BWPs (i.e., WUS is supported for the UE), the default BWP (or the initial BWP if default BWP is not configured), should be configured with PDCCH-WUS.
If a BWP does not have PDCCH-WUS configuration, even though there are other BWPs containing PDCCH-WUS configuration, it may imply that the BWP is not intended for power saving use cases. Therefore, if the current active BWP during the DRX operation does not contain any PDCCH-WUS configuration, it would be natural for the UE to take the legacy DRX behavior. 
[bookmark: _Toc21107269]Proposal 9: If the current active BWP during DRX operation does not contain PDCCH-WUS configuration, the legacy DRX behavior is assumed for the active BWP, regardless of whether or not the other BWPs are configured with PDCCH-WUS. 

[bookmark: _Ref4658115]Wake-up DCI Design
The following agreement is from RAN1 #97 and #98.
	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 new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS

Agreements:
· The CRC of new DCI format for power saving signal/channel is scrambled by PS-RNTI outside active time


The WU-DCI, and accordingly the CORESETs and WU-search space sets, can be shared by a group of UE, which is identified by PS-RNTI. The notion of the group-specific WU-DCI may significantly reduce the network overhead for PDCCH-WUS. In addition, the group-specific WU-DCI should provide enough flexibility to wake up each individual UE or a subset of UEs in the group, which can be achieved by assigning a wake-up indicator for each UE in the WU-DCI. Other than the wake-up indicators, the WU-DCI may contain content fields, which can either be common or dedicated. 

Content fields in Wake-up DCI
The content fields may contain information related to the wake-up procedure, which is necessary to increase system flexibility and reduce latency. Specifically, a BWP ID can be included so that the UE will have already switched to a BWP appropriate for the expected traffic by the time the onDuration starts. In particular, in FR2, the BWP switching delay can be up to 18 slots, depending on the UE capability. Thus, containing the BWP switching delay within the wake-up offset as in Figure 3 provides extra benefit of reduced latency with no extra cost. There may be a concern that the BWP indication by PDCCH-WUS is less reliable as it is not protected by HARQ feedback. However, if the PDCCH-WUS is missed, regardless of whether or not the PDCCH-WUS includes BWP ID, the next occurrence of DRX onDuration is missed. Furthermore, considering the fact that PDCCH-WUS has a stringent performance requirement and there are link/beam failure detection/recovery processes maintained even outside the Active Time, the misdetection of PDCCH-WUS should be rare. 


[bookmark: _Ref21085789]Figure 3: (a) BWP switching triggered after wake-up, (b) BWP switching during wake-up.
In UE feature 6-2 / 6-3 for BWP adaptation, BWP inactivity timer needs to be configured. It is expected that the BWP inactivity timer value would be configured to be less than the length of a typical DRX cycle. As a result, when a UE approaches the WUS occasion in the next DRX cycle, in most cases the BWP inactivity timer already expired in the previous cycle and UE’s active BWP would be the default BWP (or the initial BWP if the default BWP is not configured) for the WUS occasion. This is expected to be the main mode of operation. It is expected that typically, the default BWP would be a narrow BWP for low power consumption during data inactivity.
When WUS is detected and the UE is indicated to “wake-up”, the UE is expected to be scheduled data transmission/reception and doing this in the default BWP may not be efficient. It would be very likely that the UE would have to undergo a BWP switch during DRX active time to get to a wide BWP. There is additional latency for reaching the wide BWP. Instead, if the WUS carries BWP ID information, it can finish transitioning to the wide BWP at the start of the ON duration if the WUS offset is long enough to cover the BWP switch delay.
Another reasoning is that Rel-16 WUS should have major improvement compared to the efficient C-DRX wake-up scheme based on BWP adaptation in Rel-15 [9]. In Rel-15, the default BWP can be configured for efficient “wake-up”, i.e. with narrow BW and large minimum k0 offset. The ON duration can be configured to be very short (e.g. 1~2 slots), during which the UE monitors for grant in the default BWP. If the gNB has enough data to serve to the UE, it can schedule a BWP switching grant to switch to the wide BWP. If Rel-16 WUS does not support BWP switch triggering, it seems there may not be too significant benefit compared to the Rel-15 scheme, except that the WUS payload can be more optimized for Rel-16.
Triggers for aperiodic CSI and/or TRS can also be included in the content field of WU-DCI so that the UE will be ready to transmit a CSI report and/or receive TRS at the beginning of the onDuration. Also, according to the outcome of future study in MR-DC/CA WI, triggering of SCell-dormancy behavior can be added. Due to the payload size restriction, WU-DCI may support only limited functionalities of SCell-dormancy behavior. Further adaptation may be triggered during the Active Time, which enables hierarchical adaptation of SCell-dormancy behavior. Some other candidates of WI-DCI contents can be found in [8].
[bookmark: _Ref16792791]Wake-up DCI format
Once a UE is indicated to wake up by the wake-up indicator, it can proceed to read the associated information in the content field. Regarding the association rule between the wake-up indicator and the content field, we can consider two possibilities: (a) static mapping and (b) dynamic mapping. The two WU-DCI formats with different mapping schemes are illustrated in Figure 4.
	

(a) Static mapping


(b) Dynamic mapping


[bookmark: _Ref16785837][bookmark: _Ref7715901][bookmark: _Ref7791844]Figure 4: Wake-up DCI format

In the WU-DCI format with static mapping (static WU-DCI) in Figure 4 (a), each (or a subset of) UE(s) is assigned with a dedicated wake-up indicator and a content field. Note that the DCI format with static mapping in Figure 4 (a) resembles existing group-common PDCCH/DCI, such as DCI format 2_0/2/3, and the configuration framework could mostly be re-used: each UE in the group can be configured with the DCI payload size, the position in the DCI, and the length of the content field.
On the contrary, in the WU-DCI format with dynamic mapping (dynamic WU-DCI), each (or a subset of) UE(s) is assigned with a dedicated wake-up indicator, whereas the mapping to a content field is conditional to the overall wake-up indicator field (WIF). By “dynamic”, it should not be misled that the DCI payload size or the number of fields changes dynamically. The number of wake-up indicators, i.e., the number of UEs in the group , and the number of content fields  are fixed in the dynamic WU-DCI. However,  and  are configured independently, preferably with , and there may not be one-to-one correspondence from each UE to a content field.
[bookmark: _Toc21107259]Observation 4: Fixed mapping and dynamic mapping can be considered as candidates for WU-DCI field mapping. 

Wake-up DCI with dynamic mapping
Assume that a dynamic WU-DCI is configured with  wake-up indicators and  content fields, where . Dynamic mapping for a UE to a content field is calculated as a function of the WIF and some other parameters, such as RNTI and a time-dependent index. As a simple example, if a wake-up indicator for a UE is set to 1 and it is the first 1 in the WIF, the UE can be mapped to the first content field, i.e., content field 0 in Figure 4. Similarly, for the other UEs with the wake-up indicators are set, the indexes of corresponding content fields are given by the number ‘1’s preceding the UEs’ wake-up indicators in the WIF. In this manner, up to  UEs can wake up simultaneously with unique content fields. Further, having more than  ‘1’s in the WIF does not necessarily mean that some UEs’ wake-up is blocked, but that some UEs may not be assigned with unique content fields.
Having a fewer content fields than the number of UEs in the group, i.e., , the DCI payload size can be reduced compared to the static WU-DCI. As such, dynamic WU-DCI is more advantageous with reduced PDCCH-WUS decoding complexity and improved performance. According to the analysis in our earlier contribution [6], with  and , the dynamic WU-DCI shows 1.5 to 2dB mis-detection performance improvement compared to the static WU-DCI.
The underlying principle of the dynamic WU-DCI is statistical multiplexing, From the earlier study [2], it was reported by multiple sources that, in many typical use cases, a significant portion of DRX cycles are empty. This observation leads all the way to the agreement of introducing WUS in Rel-16. Due to the small chance of actual wake-up, it is expected that the gNB would only wake up a small subset of the UEs in the group sharing the same WU-DCI. According to the analysis in the Appendix, when the chance of wake-up is 10%, the probability that more than 4 UEs out of 9 total UEs are required to wake up at the same time is about 0.1%.

Other issues
Multiplexing of WUS with Existing Signals
WUS is a new feature for Rel-16 and later systems. For the seamless introduction of WUS without disrupting legacy operations, mechanisms for multiplexing WUS with existing signals should be carefully designed. Depending on the types of existing signals, there are many aspects of multiplexing rules and techniques.
For example, a legacy UE’s DL resource can overlap with the other UE’s wake-up PDCCH resources (e.g., wake-up CORESET). Although the gNB could avoid this situation by proper configuration and scheduling, if unavoidable, the legacy UE can be indicated to perform rate-matching by configuring rateMatchPattern(s), which reserves resources for forward compatibility.
In some other cases, system resources (e.g., SS/PBCH blocks, paging occasions, etc.) and measurement resources (e.g., RRM measurement occasions, CSI-RS/TRS, etc.) can overlap with a UE’s wake-up PDCCH resources. Even without overlap of resources, multiplexing of wake-up PDCCH resources with other system/measurement resource on the same symbol may be restricted due to the mismatch of QCL-TypeD. Also, as NR supports flexible slot formats, the wake-up resources may even overlap with UL resources. 
In most cases, the overlap/collision of wake-up resources may be avoided or kept infrequent if enough flexibility is provided in the configuration of WUS resources. Some of the configuration aspects of wake-up resources have discussed in Section 2.1.2. If the overlap/collision cases cannot be avoided by configuration, WUS may be dropped and the UE performs a default operation. The default operation can either be the legacy Rel-15 DRX operation or skipping of the next DRX on duration. It requires further discussion whether configuration of a default operation among multiple candidate schemes should be allowed, or a single scheme should be down-selected and hard-coded in the specification.
[bookmark: _Toc7809806][bookmark: _Toc21107260]Observation 5. For seamless introduction of WUS in Rel-16, mechanisms for multiplexing WUS with existing signals should be carefully designed.
[bookmark: _Toc21107270]Proposal 10: When a UE’s wake-up PDCCH resources collide, at least partially, with other system/measurement resources, such as SSB, PO, RRM occasion, etc., any potential PDCCH-WUS transmission is dropped, and the UE assumes legacy DRX behavior.

Conclusion
Observation 1: UE’s capability for wake-up offset comprises one or more combination of values for Short/Long DRX cycles and/or different FR/numerologies.
Observation 2: The required CORESET configuration for PDCCH-WUS outside the Active Time and other PDCCH during the Active Time can be different.
Observation 3: WU-search space set may be associated with either Short, Long, or both DRX cycles, to enable independent or common PDCCH-WUS configuration for Short and Long DRX cycles.
Observation 4: Fixed mapping and dynamic mapping can be considered as candidates for WU-DCI field mapping.
Observation 5. For seamless introduction of WUS in Rel-16, mechanisms for multiplexing WUS with existing signals should be carefully designed.

Proposal 1: The minimum value or range of the wake-up offset depends on the UE’s capability.
Proposal 2. UE is not expected to be configured with a wake-up offset larger than the configured DRX (either Short or Long) cycle.
Proposal 3: For efficient CORESET sharing within and outside the Active Time, the maximum number of configurable CORESETs per BWP in Rel-16 should be increased relative to that in Rel-15. Additionally, the number of CORESETs per BWP can be separately accounted within and outside the Active Time.
Proposal 4: Dedicated search space sets for PDCCH-WUS supports configuration of monitoring occasion by an offset value relative to the start of onDuration, rather than configuration by a fixed periodicity.
Proposal 5: Outside the Active time, along with multiple CORESETs for PDCCH-WUS, more than one dedicated search space set for PDCCH-WUS per BWP are supported. Each dedicated search space sets can be associated with a different CORESET.
Proposal 6: Different configurations of PDCCH-WUS (e.g., WUS-offset, aggregation level, number of monitoring occasions, etc.) are supported for Short and Long DRX cycles.
Proposal 7: The number of wake-up search space sets is separately accounted from the search space sets for PDCCH monitoring during the Active Time.
Proposal 8: If at least one of the configured BWPs is selected for PDCCH-WUS configuration, the initial/default BWP should be one of the BWPs chosen.
Proposal 9: If the current active BWP during DRX operation does not contain PDCCH-WUS configuration, whether or not the other BWPs are configured with PDCCH-WUS, the legacy DRX behavior is assumed for the active BWP.
Proposal 10: When a UE’s wake-up PDCCH resources collide, at least partially, with other system/measurement resources, such as SSB, PO, RRM occasion, etc., any potential PDCCH-WUS transmission is dropped, and the UE assumes legacy DRX behavior.
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