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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, #98, and #98bis, 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 four meetings (RAN1 #96bis, #97, #98, and #98bis), the discussion on the second aspect above has 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 of power saving channels
[bookmark: _Ref7801457][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 and #98bis.
	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. 

Agreements:
Confirm the following 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).

Agreements:
CORESET(s) for PDCCH-based power saving signal/channel outside Active Time is not distinguished from those CORESETs inside Active Time. 


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 PDCCH-WUS, may mainly be used during the Active Time and have different optimal configuration due to the different requirements and link condition.
[bookmark: _Toc24144891]Observation 1: The optimal 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 1 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: _Toc24144897]Proposal 1: When a BWP is configured with PDCCH-WUS, 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 1: CORESETs during and outside the Active Time

[bookmark: _Ref4673409]Wake-up Search Space
The followings have been agreed in RAN1 #98bis and RAN2 #107bis.
	Agreements:
The following working assumption is confirmed:
· More than one monitoring occasion can be configured within a slot or multiple slots before the DRX ON

Agreements:
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
Search space is configured for the indication of monitoring DCI with CRC scrambled by PS-RNTI.
· Reuse the existing search space configuration with all or subset of parameters, e.g., the periodicity and the offset
· FFS: The restriction in the supported periodicity, the aggregation level and the number of blind decoding for the new DCI with CRC scrambled by PS-RNTI

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

Agreements
=>	From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network.  However, RAN2 will follow the final RAN1 decision.
=>	Ask RAN1 if there are technical feasibility concerns to support WUS for short DRX


To enable more than one PDCCH-WUS monitoring occasions over a multi-slot WUS occasion, the same Rel-15 mechanism for search space set configuration can be used. Within a single search space set, multiple monitoring occasions can be configured over multiple slots by using “monitoringSymbolsWIthinSlot” and “duration” parameters in the SearchSpace IE. Additionally, more than one 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: _Toc24144898]Proposal 2: Outside the Active time, configuration of 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.
For the configuration of the “range” for PDCCH-WUS monitoring. The existing parameters, duration and monitoringSymbolsWithinSlot in the SearchSpace IE can be reused. First of all, the new parameter “PS_offset” indicates the starting slot of the range before the start of the next onDuration. In the search space set for PDCCH-WUS, this parameter replaces the role of the other parameter “monitoringSlotPeriodicityAndOffset”. From the starting slot, the number of contiguous slots within the range is determined by the duration parameter. Within the range, the other parameter monitoringSymbolsWithinSlot indicates the starting symbols of the CORESET within each slot. An example of PDCCH-WUS monitoring occasion based on this argument is shown in Figure 2. Also, based on our proposal, a required modification of the existing searchSpace IE is suggested in Section 5.1.2.
[bookmark: _Toc24144899]Proposal 3: the range of PDCCH-WUS monitoring is derived based on existing parameters, duration and  monitoringSymbolsWithinSlot in SearchSpace IE without any change. The other existing parameter monitoringSlotPeriodicityAndOffset is not used for PDCCH-WUS, and the role is replaced by PS_offset.


[bookmark: _Ref24140659]Figure 2: Example configuration: search space set for PDCCH-WUS

During RAN1 #98bis and RAN2 #107bis meetings, two working groups reached different conclusion on the applicability of PDCCH-WUS for Short and Long DRX cycles. According to the RAN1’s agreement and working assumption, when both Long and Short DRX cycles are configured, PDCCH-WUS is applicable only for the Long DRX cycle. However, in our view, there is no technical concern to support PDCCH-WUS for Short DRX cycle. Although applying PDCCH-WUS for the Short DRX cycle may not always provide improved performance and power saving gains, we can think of many other situations that the PDCCH-WUS is beneficial for the Short DRX cycles. For example, range of the Short DRX cycle spans from 2ms to 640ms. It may not be a good idea, in terms of power saving and complexity, to support PDCCH-WUS for a DRX cycle as short as or comparable to the value of PS_offset. However, when the Short DRX cycle amounts to a few hundred milliseconds, the power saving gain obtained by PDCCH-WUS can also be as large as the case of Long DRX cycle. Also, drx-ShortCycleTimer can be up to 16, which is large enough to put the Short DRX cycle as the typical mode of operation in some bursty delay-sensitive traffic scenarios, such as the XR traffic. Therefore, we believe that PDCCH-WUS should be supported for Short cycle as well as the Long DRX cycle, at least with configurable on/off.
[bookmark: _Toc24144900]Proposal 4: Taking RAN2’s conclusion in RAN2 #107bis into account, RAN1 should revisit the working assumption of RAN1 #98bis.
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 PS-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: _Toc24144901]Proposal 5: Separate configurations of PDCCH-WUS (e.g., enable/disable, PS-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, association relationship between the type of DRX cycle and a search space set may be defined. For instance, the search space set for PDCCH-WUS may be configured in association with the Short, Long, or both types of DRX cycles. To be specific, depending on the association, the corresponding search space set for PDCCH-WUS is monitored only at Short or Long DRX cycle, or at both types of DRX cycles. 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:
· If at least one search space set for PDCCH-WUS is associated with “Long” or “Both”, PDCCH-WUS is applied for the Long DRX cycle. Otherwise, legacy DRX operation is applied for the Long DRX cycle.
· If at least one search space set for PDCCH-WUS is associated with “Short” or “Both”, PDCCH-WUS is applied for the Short DRX cycle. Otherwise, legacy DRX operation is applied for the Short DRX cycle.
[bookmark: _Toc24144902]Proposal 6: Search space set for PDCCH-WUS is 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.
According to the discussion and proposals above, a suggested modification of the SearchSpace IE, which enables separate PDCCH-WUS configuration for Short and Long DRX cycles, is provided in Section 5.1.2.

[bookmark: _Ref4658115]Wake-up DCI Design
[bookmark: _Ref16792791]Candidate wake-up DCI formats
The following agreements are from RAN1 #98bis.
	Agreements:
The new DCI of PDCCH-based power saving signal/channel outside Active Time is designed with UE-specific configured power saving information for one or more UEs .
· The new DCI format supports multiplexing of one or more UEs
· FFS: Whether the starting position and the location of the indication in the new DCI format for a specific UE is based on higher layer configuration
· FFS: Details of the DCI format design for a specific UE
· Whether new DCI format is similar to that of DCI format 2_x


The WU-DCI, and accordingly the CORESETs and 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. 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 3.
	

(a) Static mapping


(b) Dynamic mapping


[bookmark: _Ref16785837][bookmark: _Ref7715901][bookmark: _Ref7791844]Figure 3: Wake-up DCI format

In the WU-DCI format with static mapping (static WU-DCI) in Figure 3 (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 3 (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.

Benefit of dynamic mapping over static 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 3 (b). 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 our earlier contribution [6], 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%.
[bookmark: _Toc24144903]Proposal 7: For wake-up DCI format (DCI format 3_0), the dynamic mapping rule between a wake-up indicator and a content (information) field is supported.
A plausible argument is that the size of each content field should be the same in the dynamic mapping, while it is not necessary in static mapping. According to the discussion in RAN1 #98bis, the content field can include at least the bitmap of up to [ 5 ] bits for SCell dormancy indication. As such, with dynamic mapping, it would be logical to configure a fixed size of [ 5 ] bits for each content field, whereas, with static mapping, the size of each content field for a UE is compactly configured to fit the bitmap of SCell dormancy indication. Therefore, it would not be always true that dynamic mapping has a smaller payload size compared to static mapping. However, further speculation reveals that this is not the case in practical scenarios.
Assume that a wake-up DCI format is configured with static mapping. Since the configuration is by higher-layer signaling, having to frequently re-configure the DCI format is not desirable. Particularly, when a large group of UEs is sharing the same DCI format, re-configuration of the DCI format impacts all UEs in the group, which requires a huge burden both at the gNB and the UE sides. However, in practical scenarios, it is often required to add or remove some UEs to or from the group. For example, some UE’s DRX configuration may change based on the traffic status, some UE may switch to RRC idle/inactive, or some UE may want to hop from a group to another within a cell or across cells due to mobility.
Thus, to avoid the burden of re-configuration, a sensible and practical configuration of the DCI format with static mapping is provisioning a sufficient number of fields in the payload, and just assigning/releasing the pre-allocated fields to the UEs newly-joining or leaving the group. In this way, higher layer signaling is only applied to the newly-joining/leaving UEs, and not to the UEs already existing in the group. Also, to accommodate different sizes of information bits for different UEs, the size of the pre-allocated content fields should be large enough, e.g., [ 5 ] bits. Therefore, it is not feasible in practice to enjoy the benefit of the flexible configuration of content field size with static mapping, and dynamic mapping still has the advantage over static mapping.
[bookmark: _Toc24144892]Observation 2: To avoid the burden of frequent re-configuration of the group-specific wake-up DCI format, the size of each content (information) field in the DCI payload should be based on a configured maximum common for the UEs. The number of actually required bits for a UE can be smaller than the field size.
In terms of RRC, the configuration parameters of wake-up DCI format can be included in the top-level IE enabling per-BWP PDCCH-WUS. Based on the discussion on the DCI format with dynamic mapping, the set of required RRC parameters includes the DCI payload size, position of the wake-up indicator, starting position of the content fields, and size of each content field, which are illustrated in Figure 4. An example RRC configuration based on the proposed parameters is also shown in Section 5.1.1.
[bookmark: _Toc24144893]Observation 3: The RRC parameters for configuration of wake-up DCI format (DCI format 3_0) with dynamic mapping include; the DCI payload size, the position of the wake-up indicator, the starting position of the content field, and the size of each content field.



[bookmark: _Ref24119577]Figure 4: Configuration of dynamic mapping

Other design issues
UE capability for WUS
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 5. 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: _Toc24144904]Proposal 8: The minimum value or range of PS-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: _Toc24144894]Observation 4: UE’s capability for PS-offset comprises one or more combination of values for Short/Long DRX cycles and/or different FR/numerologies.
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: _Toc24144905]Proposal 9. UE is not expected to be configured with a PS-offset larger than the configured DRX (either Short or Long) cycle.
[image: ]
[bookmark: _Ref534718886]Figure 5: Two-stage wake-up timeline for PDCCH-based WUS (y-axis roughly proportional to power consumption)


Multiplexing of WUS with Existing Signals
In RAN1#98bis, the following agreements have been made:
	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)


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, some resources and channels that the UE is required to monitor outside Active Time may overlap with a UE’s PDCCH-WUS resources. In Table 1, a list of downlink channels that the UE should monitor outside the Active Time is shown. Even without overlapping PRBs, multiplexing of wake-up PDCCH resources with other system resource on the same symbol may be restricted due to the mismatch of QCL-TypeD, in particular on FR2. Also, as NR supports flexible slot formats, the wake-up resources may even overlap with UL resources. 

[bookmark: _Ref24058121]Table 1. Physical channels monitored outside DRX Active Time on the SpCell in RRC_CONNECTED
	Physical Channel
	Monitored RNTI
	Associated Transport Channel
	Comment

	PBCH
	N/A
	BCH
	

	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Triggered by P-RNTI

	PDCCH
	P-RNTI
	PCH
	Short message

	PDCCH+PDSCH
	RA-RNTI, 
C-RNTI,  MCS-C-RNTI
	DL-SCH
	Monitored within ra-ResponseWindow configured in BeamFailureRecoveryConfig or RACH-ConfigCommon
* Note: TC-RNTI is monitored in the Active Time while ra-ContentionResolutionTimer is running.



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. If the overlap/collision cases cannot be avoided by configuration, WUS may be dropped and the UE may perform a legacy DRX operation.
[bookmark: _Toc24144906]Proposal 10: When UE’s monitoring of DCI formats with CRC scrambled by P-RNTI (for short message), SI-RNTI (and corresponding PDSCH, triggered by P-RNTI), RA-RNTI (and corresponding PDSCH), and/or C-RNTI/MCS-C-RNTI (for beam failure recovery) outside the Active Time overlaps in at least one symbol with monitoring of the DCI format with CRC scrambled by PS-RNTI, and if the QCL-TypeD properties (if configured) are different, the UE is not expected to monitor PS-RNTI and assumes legacy DRX behavior for the next DRX cycle.

Design of power saving procedures
Wake-up operation
Related to the information that can delivered by PDCCH-WUS, the following agreements have been made in RAN1 #98bis.
	Agreements:
[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


The content fields of the wake-up DCI may contain information related to the wake-up procedure, which is necessary to increase flexibility and reduce latency of the procedure. Specifically, a BWP ID can be indicated by PDCCH-WUS so that the UE will have already switched to a BWP appropriate for the expected traffic by the time the onDuration starts. Indication of BWP ID is also related to the adaptation of other power saving features, such as number of MIMO layers and cross-slot scheduling, since those features are configured per BWP. 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 6 provides extra benefit of reduced latency with no extra cost.
According to the agreements in RAN1 #98bis, the BWP adaptation on activated SCells is already supported by SCell dormancy behavior indication. However, on PCell or PSCell, in which the PDCCH-WUS is transmitted, further discussion is needed on how to support the BWP adaptation. A simplest solution may be adding an explicit indication field in the wake-up DCI. However, considering that the field for SCell dormancy can already be up to [ 5 ] bits per UE, packing more bits in the payload may impair the performance and reliability of PDCCH-WUS, at the expense of additional functionality. Thus, instead of explicit indication by a bit field in the wake-up DCI, an implicit adaptation associated with the wake-up operation can be discussed as a compromise.
In the implicit adaptation, a particular BWP ID (e.g., a new parameter ps-ActiveDownlinkBWP-ID) can be configured in association with the PDCCH-WUS configuration. Once the UE is indicated to wake up, then the UE implicitly switches to the associated BWP for the next onDuration. Likewise, for the SCell dormancy behavior indication, in addition to the explicit indication, the implicit indication can also be supported as an alternative option. Although the implicit adaptation may have limited flexibility and gain, it may be advantageous in improving PDCCH-WUS detection performance and coverage. It would be noteworthy that the implicit adaptation is applied only for the wake-up operation triggered by monitoring of PDCCH-WUS, including the cases that the PDCCH-WUS indicates a UE to wake up, and PDCCH-WUS is not detected but the UE is configured to wake up (i.e., by ‘ps-WakeUpOrNot’ configuration). If the wake-up is due to legacy DRX operation, the implicit adaptation is not applied.
[bookmark: _Toc24144907]Proposal 11: A particular BWP ID on SpCell and SCell dormancy behaviors on SCell groups can be optionally configured in association with the wake-up operation. When a UE starts drx-onDurationTimer as a result of monitoring PDCCH-WUS (DCI format 3_0), the UE assumes the associated BWP and SCell dormancy behaviors in the beginning of the onDuration.


[bookmark: _Ref21085789]Figure 6: (a) BWP switching triggered after wake-up, (b) BWP switching during wake-up.

P/SP CSI reporting and SRS transmission with PDCCH-WUS
[bookmark: _Ref24050220]In RAN2 #107 and #107bis, the following agreements have been made:
	Agreements
4.   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.

Agreements
=>	Ask RAN1, what is the assumption regarding whether the UE considers also PDCCH-WUS during WUS occasion(s) to determine when/whether to report P/SP SRS and CSI (i.e. CSI/SRS are performed only during active time).


In our understanding from the above agreements, the UE would not perform P/SP CSI reporting and SRS transmission during the next DRX cycle if PDCCH-WUS does not indicate the UE to wake-up. Although this may be desirable for power saving, it may cause another issue, which was not present in Rel-15, by limiting the UE and gNB’s opportunities for link management. The impact may vary depending on the type of reporting. For example, if the reporting is for CQI, the impact may be low because, if there is no DL traffic to be served, active CQI measurement is unnecessary. Likewise, if there is no UL traffic, there is little motivation for the UE to transmit SRS. However, if the CSI reporting is for L1-RSRP (i.e., cri-RSRP or ssb-Index-RSRP as reportQuantity), the impact may be significant because, regardless of the traffic, it is essential for maintaining radio link or beam pairs between the UE and gNB.
In this regard, when PDCCH-WUS is configured, a mechanism to enable P/SP CSI reporting and/or SRS transmission outside the Active Time should be studied. To some extent, with some compromise in the power saving gain, the issue can be handled by implementation based on existing Rel-15 and Rel-16 mechanisms. However, to maximize the benefit of Rel-16 power saving, further enhanced mechanisms can be introduced.

[bookmark: _Ref24133667]Rel-15 Mechanism
In Rel-15, when DRX is configured, periodic/semi-persistent CSI reporting and SRS transmission is only allowed in Active Time, where the Active Time for a MAC entity is defined as follows:
	-     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).


Based on the second item in the above list, a UE outside the Active Time can enter the Active Time by sending a SR to the gNB. Although the main purpose of SR is requesting UL-SCH resources for new transmission, it may also be used for the UE to trigger DRX Active Time of its own initiative. For example, when the UE wants to perform P/SP CSI reporting or SRS transmission for proactive link management, it can first send SR to the gNB.
[bookmark: _Toc24144895]Observation 5: When the UE is outside the DRX Active Time, Scheduling Request can be used as a UE-initiative mechanism to trigger the Active Time for P/SP CSI measurement/reporting and SRS transmission.
If there are configured CSI measurement and reporting resources within the Active Time, the UE can use those resources for link management. At the same time, it is expected that the UE receives a grant for PUSCH during the Active Time in response to the SR, and the drx-InactivityTimer starts. If the UE does not have any UL data to transmit, it can send a BSR MAC CE of zero value on the PUSCH. If the granted PUSCH resources overlap with a CSI reporting occasion, the UCI for CSI reporting can be piggybacked on the PUSCH. Upon receiving the zero-BSR MAC CE from the UE, the gNB may identify that the purpose of the SR is the proactive link management, not the UL-SCH request. Thus, during the remaining Active Time, the gNB can send the UE a DL MAC CE for TCI state update, trigger A-CSI reporting, and/or send a DRX Command MAC CE for early termination of the Active Time.
Although this approach has minor or no impact on the existing Rel-15 specification, it is an improvised mechanism and, thus, may not be the most power and resource efficient mechanism. A clear downside is that, in addition to the CSI reporting on UL, it requires SR and PUSCH transmission from the UE. Also, to make this approach more power efficient, the SR resources should be available close to the CSI measurement and reporting resources, which may pose additional restriction and limit the flexibility of resource configuration. 

[bookmark: _Ref24129709]Rel-16 Mechanism: based on agreements up to RAN1#98bis
A gNB can trigger the Active Time of a UE by sending a wake-up indication via PDCCH-WUS. Although the intended purpose of PDCCH-WUS is the adaptation of DRX operation according to the traffic demand, it can also be used to trigger link management at the UE side. Once the Active Time is started by gNB’s indication, the UE can measure and report CSI or transmit SRS in the same way as defined in Rel-15 specification.
[bookmark: _Toc24144896]Observation 6: When the UE is outside the DRX Active Time, PDCCH-WUS can be used as a network-initiative mechanism to trigger the Active Time for P/SP CSI measurement/reporting and SRS transmission.
This approach may have minor additional efforts on top of what have already been agreed in Rel-16 related to PDCCH-WUS. However, like the Rel-15 approach in Section 2.2.2.1, this mechanism may result in inefficient power and resource utilization in some cases. First of all, the gNB may suffer from the overhead of transmitting PDCCH-WUS occasionally just for UE’s link management, even though there is no traffic for the UE. Also, without knowing the intention of the PDCCH-WUS (i.e., whether it is for serving DL traffic or for link management only), the UE is required to monitor PDCCH during the entire Active Time even though there is no traffic for the UE. Additionally, because the change in radio link quality is dynamic and often unpredictable from the gNB side, it may be challenging for the gNB to decide when and how often to send PDCCH-WUS for link management when there is no traffic demand. 

[bookmark: _Ref24133670]Enhanced mechanism: event-triggered CSI reporting
As an alternative approach to enable P/SP CSI reporting and SRS transmission, a notion of “configured-onDuration” can be introduced. More specifically, the configured-onDuration can be defined as a time duration determined by the Short/Long DRX cycle and offset, and drx-onDurationTimer associated with the DRX configuration. As the key feature, the configured-onDuration is not affected by PDCCH-WUS and irrelevant to whether the actual drx-onDurationTimer is running or not. Therefore, by allowing P/SP CSI reporting and SRS transmission during the configured-onDuration outside the Active Time, the UE can retain the same CSI reporting and SRS transmission behavior as the legacy Rel-15 DRX operation. Compared to the Rel-16 mechanism discussed in Section 2.2.2.2, this approach is advantageous since it does not demand the diligence of the gNB to transmit PDCCH-WUS just for triggering CSI reporting from the UE. However, requiring the UE to perform the measurement and reporting during all the configured-onDuration may not be necessary and dilute the power saving benefit of PDCCH-WUS.
Taking one step further, CSI measurement and reporting during the configured-onDuration can be made configurable for each CSI report configuration. That is, the measurement and reporting associated with a CSI process is performed during the configured-onDuration outside the Active Time, only when it is configured to do so. Otherwise, the CSI process follows Rel-15 behavior (i.e., no measurement and reporting outside Active Time). Thus, only a few P/SP CSI processes may be configured to be used during the configured-onDuration outside the Active Time, possibly with a very large periodicity (e.g., an integer multiple of the (Long) DRX cycle) to save power. During the Active Time, other legacy CSI processes with shorter periodicities or aperiodic CSI can be used to supplement the link management performance.
As discussed in Section 2.2.2.2, the UE has a better visibility of the channel than the gNB and, thus, can make better decision on when and how often the measurement and reporting is needed. Thus, a further enhanced approach can be event-triggered CSI reporting. During the configured-onDuration outside the Active Time, the UE evaluates a triggering condition based on a criterion, which is configured by the gNB, possibly with some UE assistance. For example, a threshold of L1-RSRP can be configured as the criterion for beam management. Only when the triggering condition is met, the UE reports CSI during the configured-onDuration outside the Active Time and, otherwise, it skips CSI reporting.
The event-triggered approach resolves most of the issues with the Rel-15 and Rel-16 mechanisms discussed in Section 2.2.2.1 and Section 2.2.2.2, respectively. Furthermore, it provides a universal framework to implement different UE behavior associated with CSI reporting, including the legacy Rel-15 CSI reporting and PDCCH-WUS-agnostic CSI reporting behaviors. For example, if the L1-RSRP threshold is used as the criterion, such that the UE reports CSI only when the measured L1-RSRP is below the threshold:
· L1-RSRP threshold is not configured or the value is very low: follows legacy (Rel-15) CSI behavior.
· L1-RSRP threshold is very large or set to infinity: always reports during the configured-onDuration according to the configured periodicity.
· Otherwise: reports adaptively based on the measured L1-RSRP.
[bookmark: _Toc24144908]Proposal 12: When PDCCH-WUS is configured, P/SP CSI reporting is allowed at least during the “configured-onDuration” outside the Active Time. Furthermore, the CSI reporting during the configured-onDuration outside the Active Time can be event-triggered based on a configured criterion.

Beam failure detection with PDCCH-WUS
In RAN2 #107, the following agreement was made: 
	Agreements
8.   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)


The RAN2 agreement may have some implication in RAN1. From RAN1’s perspective, to attain the RAN2 agreement, the availability of CSI-RS resources for RRM measurement should not be affected by PDCCH-WUS. However, according to Rel-15 specification and Rel-16 agreements, UE’s DRX state (within or outside the Active Time) is affected by PDCCH-WUS, which in turn affects the availability of CSI-RS resources for RRM measurement (TS 38.214, Clause 5.1.6.1.3). Thus, the RAN2 agreement above is not transparent to Rel-15, and requires modification of the specification, desirably in a backward compatible way. As a simple solution may be using the notion of “configured-onDuration”, in addition to the Active Time, to determine the availability of CSI-RS resources for RRM measurement.
[bookmark: _Toc24144909]Proposal 13: When PDCCH-WUS is configured, the CSI-RS resources for RRM measurement (i.e., CSI-RS-Resource-Mobility) are available at least during the Active Time and during the configured-onDuration outside the Active Time.
RLM and RRM measurements are essential for the UE to maintain the link quality. When PDCCH-WUS is configured, the importance of link management is emphasized since it can impact the reliability of PDCCH-WUS detection and the entire wake-up procedure. Additionally, in FR2, the management of radio link is also associated with the beam management, although it was not captured in the former RAN2 agreement.
[bookmark: _Toc24144910]Proposal 14: Along with RLM and RRM measurements, BFD measurements are not impacted by WUS design.

Conclusion
Observation 1: The optimal CORESET configuration for PDCCH-WUS outside the Active Time and other PDCCH during the Active Time can be different.
Observation 2: To avoid the burden of frequent re-configuration of the group-specific wake-up DCI format, the size of each content (information) field in the DCI payload should be based on a configured maximum common for the UEs. The number of actually required bits for a UE can be smaller than the field size.
Observation 3: The RRC parameters for configuration of wake-up DCI format (DCI format 3_0) with dynamic mapping include; the DCI payload size, the position of the wake-up indicator, the starting position of the content field, and the size of each content field.
Observation 4: UE’s capability for PS-offset comprises one or more combination of values for Short/Long DRX cycles and/or different FR/numerologies.
Observation 5: When the UE is outside the DRX Active Time, Scheduling Request can be used as a UE-initiative mechanism to trigger the Active Time for P/SP CSI measurement/reporting and SRS transmission.
Observation 6: When the UE is outside the DRX Active Time, PDCCH-WUS can be used as a network-initiative mechanism to trigger the Active Time for P/SP CSI measurement/reporting and SRS transmission.

Proposal 1: When a BWP is configured with PDCCH-WUS, 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 2: Outside the Active time, configuration of 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 3: the range of PDCCH-WUS monitoring is derived based on existing parameters, duration and  monitoringSymbolsWithinSlot in SearchSpace IE without any change. The other existing parameter monitoringSlotPeriodicityAndOffset is not used for PDCCH-WUS, and the role is replaced by PS_offset.
Proposal 4: Taking RAN2’s conclusion in RAN2 #107bis into account, RAN1 should revisit the working assumption of RAN1 #98bis.
Proposal 5: Separate configurations of PDCCH-WUS (e.g., enable/disable, PS-offset, aggregation level, number of monitoring occasions, etc.) are supported for Short and Long DRX cycles.
Proposal 6: Search space set for PDCCH-WUS is 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.
Proposal 7: For wake-up DCI format (DCI format 3_0), the dynamic mapping rule between a wake-up indicator and a content (information) field is supported.
Proposal 8: The minimum value or range of PS-offset depends on the UE’s capability.
Proposal 9. UE is not expected to be configured with a PS-offset larger than the configured DRX (either Short or Long) cycle.
Proposal 10: When UE’s monitoring of DCI formats with CRC scrambled by P-RNTI (for short message), SI-RNTI (and corresponding PDSCH, triggered by P-RNTI), RA-RNTI (and corresponding PDSCH), and/or C-RNTI/MCS-C-RNTI (for beam failure recovery) outside the Active Time overlaps in at least one symbol with monitoring of the DCI format with CRC scrambled by PS-RNTI, and if the QCL-TypeD properties (if configured) are different, the UE is not expected to monitor PS-RNTI and assumes legacy DRX behavior for the next DRX cycle.
Proposal 11: A particular BWP ID on SpCell and SCell dormancy behaviors on SCell groups can be optionally configured in association with the wake-up operation. When a UE starts drx-onDurationTimer as a result of monitoring PDCCH-WUS (DCI format 3_0), the UE assumes the associated BWP and SCell dormancy behaviors in the beginning of the onDuration.
Proposal 12: When PDCCH-WUS is configured, P/SP CSI reporting is allowed at least during the “configured-onDuration” outside the Active Time. Furthermore, the CSI reporting during the configured-onDuration outside the Active Time can be event-triggered based on a configured criterion.
Proposal 13: When PDCCH-WUS is configured, the CSI-RS resources for RRM measurement (i.e., CSI-RS-Resource-Mobility) are available at least during the Active Time and during the configured-onDuration outside the Active Time.
Proposal 14: Along with RLM and RRM measurements, BFD measurements are not impacted by WUS design.
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Examples of WUS configuration
[bookmark: _Ref24119831]Top-level enabler for per-BWP WUS
In RAN1#98bis, the following agreements have been made:
	Agreements:
The following working assumption is confirmed:
· UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.

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)


Based on the agreements, the configuration of the PDCCH-based power saving signal/channel is per BWP, and a top-level configuration that enables the per-BWP WUS operation is needed. This top-level configuration IE may include parameters related to PS-RNTI, DCI format 3_0, wake-up-or-not behavior, etc. In the following example configuration IE, the changes from Rel-15 are highlighted.
DRXAdaptation information element
-- ASN1START
-- TAG-DRXADAPTATION-START
 
DRXAdaptation ::=     SEQUENCE {
    ps-RNTI                     RNTI-Value,
    ps-WakeUpOrNot		  ENUMERATED {true},                                                               OPTIONAL,   --Need R
    dci-PayloadSize             INTEGER (1..maxPS-DCI-PayloadSize),
    indicatorPosition           INTEGER (0..maxPS-DCI-PayloadSize-1),
    contentPosition             INTEGER (0..maxPS-DCI-PayloadSize-1),
    contentSize                 INTEGER (0..5),
    ...
}
 
-- TAG-DRXADAPTATION-STOP
-- ASN1STOP

	DRXAdaptation field descriptions

	contentPosition
The starting position (bit) of the first content field within the payload.

	contenSize
The size of the content field.

	dci-PayloadSize
Total length of the DCI payload scrambled by PS-RNTI (see TS 38.213 [13], clause 11.5).

	indicatorPosition
The position (bit) of the 1-bit indicator that indicates whether the UE shall start the drx-onDurationTimer at the next occurrence within the DCI payload.

	ps-RNTI
RNTI used for DRX adaptation in the bandwidth part (see TS 38.213 [13], clause 11.5).

	ps-WakeUpOrNot
Indicates whether the UE shall start the drx-onDurationTimer at the next occurrence when DCI format 3_0 is not detected. If the field is absent, the UE does not start the drx-onDurationTimer when DCI format 3_0 is not detected.

	

	



BWP-DownlinkDedicated information element
-- ASN1START
-- TAG-BWP-DOWNLINKDEDICATED-START
 
BWP-DownlinkDedicated ::=           SEQUENCE {
    pdcch-Config                        SetupRelease { PDCCH-Config }                                           OPTIONAL,   -- Need M
    pdsch-Config                        SetupRelease { PDSCH-Config }                                           OPTIONAL,   -- Need M
    sps-Config                          SetupRelease { SPS-Config }                                             OPTIONAL,   -- Need M
    radioLinkMonitoringConfig           SetupRelease { RadioLinkMonitoringConfig }                              OPTIONAL,   -- Need M
    drxAdaptation                       SetupRelease { DRXAdaptation }                                          OPTIONAL,   -- Need M
    ...
}
 
-- TAG-BWP-DOWNLINKDEDICATED-STOP
-- ASN1STOP
 
[bookmark: _Ref24140106]Search space set for WUS
In RAN1#97, #98, and #98bis, the following agreements and conclusion have been made:
	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 new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  
· FFS for UESS

Conclusion:
With the above agreement, it is understood that the search space(s) for WUS PDCCH reuses the existing SS IE (i.e., no new SS IE). 


Based on the agreements and conclusion above, it would logical to append the search space set-related parameters of PDCCH-based power saving signal/channel into the existing SearchSpace IE, so that the Type3-CSS configuration can be reused. In the following example configuration IE, the changes from Rel-15 are highlighted.
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START
 
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                   OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
    }                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL,   -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
            dci-Format3-0                           SEQUENCE {
                ps-Offset                               ENUMERATED {s2, s3, s4, s5, s6, s8, s12, s16, s24},
                shortLongDRX-PS                         ENUMERATED { short, long, both },               OPTIONAL,   -- Need R
                nrofCandidates-PS                       SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...
        }
    }                                                                                                   OPTIONAL    -- Cond Setup
}
 
-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

	SearchSpace field descriptions

	

	dci-Format3-0
If configured, UE monitors the DCI format 3_0 according to TS 38.213 [13], clause 10.1, 11.5. If this field is configured, other DCI formats, such as DCI format 2_0, DCI format 2_1, DCI format 2_2, and DCI format 2_3, cannot be configured in the same SearchSpace. 

	duration
Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every occasion as given in ps-Offset if the UE is configured to monitor DCI format 3_0, or upon every period as given in the periodicityAndOffset otherwise. If the field is absent, the UE applies the value 1 slot, except for DCI format 2_0. The UE ignores this field for DCI format 2_0. The maximum valid duration is 3 if the UE is configured to monitor DCI format 3_0, or periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset) otherwise.

	ps-Offset
Slots for DCI format 3_0 monitoring configured as offset to the occurrence of drx-onDurationTimer. The offset is determined from the first slot of the consecutive slots as given in duration to the next occurrence of drx-onDurationTimer of associated type of DRX cycles given in shortLongDRX-PS.

	nrofCandidates-PS
The number of PDCCH candidates specifically for DCI format 3_0 for the configured aggregation level. If an aggregation level is absent, the UE does not search for any candidates with that aggregation level. The network configures only one aggregationLevel and the corresponding number of candidates.

	[bookmark: _GoBack]shortLongDRX-PS
Enable monitoring of DCI format 3_0 for short, long, or both DRX cycles. If this field is absent, the UE applies “both”.
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