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1. Introduction
In RAN1 #97 meeting [1], the following agreements are made on PDCCH-based power saving signal and channel design.
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 signaling by higher layer signaling or implicit through the CORESET/search space

· FFS: The value and the range of offset

Agreements:

For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC

· FFS whether the DCI is in UESS or CSS or both

· FFS detailed configuration of the power saving information

· FFS the new DCI format

· Note: the same DCI may carry power saving information for one or more UEs

Agreements:

The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing the existing field(s), if identified, when UE is in the Active Time.     

· It applies to UE-specific search space.  

· It is FFS for the common search space.

· The at least one power saving technique(s) includes at least “Cross-slot scheduling”

· FFS: Which existing DCI formats includes the power saving information

· Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)

· Use of non-scheduling DCI formats.

· It is FFS which field(s) is used to be repurposed for the indication of the power saving technique if the repurpose of existing field(s) is used.

· FFS: New DCI format with size aligned with existing DCI format

Agreements:

A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured

· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel
Agreements:

Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time

· Following the principle of Rel-15 search space configuration

· FFS: the corresponding UE behavior in monitoring the power saving signal/channel outside Active Time

· FFS whether UE can further monitor the search space set(s) inside Active Time

Agreements:

· The CORESET for the PDCCH-based power saving signal/channel outside Active Time can be configured to index to at least one of the CORESET(S) configured for other PDCCH monitoring 

· FFS whether the indexed CORESET can be exclusively used by the PDCCH-based power saving signal/channel (i.e., not be used for other PDCCH monitoring) 

· FFS whether or not to increase the number of CORESETs relative to that in Rel-15

· FFS whether or not a BWP is dedicated for PDCCH-based power saving signal/channel

Agreements:

One or more PDCCH monitoring occasion of PDCCH-based power saving signal/channel is supported outside Active Time

· FFS: Whether the monitoring occasions of the  PDCCH-based power saving signal/channel in the same slot or not for multiple monitoring occasions

· FFS: whether the monitoring occasions are via search space set(s), CORESET(s), a combination thereof, etc.

Agreements:

· For outside Active Time, up to [3] CORESETs per BWP is supported for the power saving signal/channel outside Active Time with each CORESET associated with its TCI state and QCL assumption

· FFS details

· FFS whether any other additional handling is necessary for FR2 w.r.t. TCI state, and if so, how

Agreements:

Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 

· FFS a single vs. multiple durations, particularly checking consistency with RAN2 agreements

Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):

· Indicating UE to use the aperiodic RS

· Aperiodic CSI-RS 

· Aperiodic SRS

· TRS

· Triggering aperiodic CSI report

· Cross-slot scheduling

· Rel-15 DCI-based BWP switching

The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).
In this contribution, we will further discuss the detailed functions to trigger power saving characteristics and related signal/channel design.

2. Power saving signal/channel design
In UE power saving SI stage, several power saving techniques are proposed, and power saving gain are shown by many sources, which are summarized in TR [2]. According to the WID [3], the power saving signal should be based on PDCCH. In this section, the following aspects to design of PDCCH-based power signal/channel are discussed.
· Functions of PDCCH-based wake up signal
· Power saving PDCCH design
· DCI format for power saving PDCCH
· UE behaviors in monitoring power saving PDCCH

1.1. Functions of the wake up PDCCH

As summarized in TR 38.840, 8%-50% power saving gain can be achieved by triggering wake-up signal/channel for CDRX compared to the existing behavior when CDRX is configured. Besides, the power saving gain can also be achieve through triggering other power saving characteristics, e.g. MIMO layer adaptation, cross/same-slot scheduling, etc. In this section, we will further discuss the detailed design of the wake up PDCCH and UE monitoring behaviors.
In [1], it has been agreed that UE should monitoring the WUS at a known offset before on duration of C-DRX. Monitoring WUS before the DRX ON duration may have advantages. When a group of UEs are UE-specifically configured with C-DRX with different on duration starting time, it is possible for these UEs to share a groups-specific PDCCH for wake up signal, if monitoring WUS is before the CDRX ON duration, which can largely reduce the system overhead. 
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Figure 1: Group based PDCCH when DRX on duration is not aligned for the group of UEs
To take advantage of the offset between WUS and DRX On duration, additional procedures can be performed to further reduce the UE power consumption, the procedure can be performed based on the DCI indication delivered in wake up PDCCH simultaneously. Besides, to make a full usage of the transmitted DCI bits, i.e., at least 12bits in the wake up PDCCH, it is reasonable to include other DCI fields triggering different kind of power saving characteristics. Following functions can be considered to be delivered in wake up PDCCH.

· BWP switching
As discussed in Rel-15, interruption time is needed for BWP switching. With the offset between WUS and on duration introduced, UE can be configured to monitor the WUS in a narrowband BWP/CORESET. When traffic arrives, the wake up DCI can be used to trigger UE monitoring in a wider BWP, such that the transmission of data can be finished in a short duration of time. In this case, the switching time can be included in the offset period. Alternatively, BWP switching can be automatically triggered once WUS is detected by UE, where the wider BWP in on duration of CDRX is configured in advance by RRC.
· MIMO layer adaptation

Besides, as agreed in WID, the MIMO layer adaptation can be realized based on BWP switching diagram. Once UE is indicated that MIMO layer is changed, UE may need to switch on/off the RF port at receiver. In this case, not only the BWP switching delay, but also the interruption caused by UE RF port on/off switching can be covered by the time offset between WUS and DRX on duration.
· Indication of Scell monitoring/activation
As discussed in [4], Scell activation delay is up to 27ms assuming typical 20ms SMTC periodicity. If a tighter latency requirement after DL data arrival is targeted for Scell transmission, the UE may have to keep Scell always active such that the DL traffic can be served on Scell as soon as possible. Alternatively, when multiple Scells are activated, to avoid activating and deactivating Scells frequently, UE can be configured to stay in active state with limited PDCCH monitoring behaviour to save power on Scells. For example, when large traffic arrives, an indication can be transmitted in the power saving PDCCH in Pcell indicating PDCCH monitoring in the Scells. If the traffic is limited, PDCCH monitoring on only Pcell or minority of Scell are need, which can be indicated by the power saving PDCCH.
· Indication of cross-slot scheduling
As discussed in our companion paper [5], cross-slot/same-slot scheduling can also be delivered with the wake up PDCCH to further facilitate UE power saving in the CDRX on duration. Network can indicate whether cross slot scheduling is enabled during the upcoming DRX on duration based on the traffic load, service type, etc., and UE can adapt the receiver for DRX on duration in advance. Besides, as agreed in [1], when UE is indicated by L1-based signaling in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value in a certain time duration after slot n. 
Note that, the switching period after UE detect the WUS depends on the behaviors UE need to perform after wake up and also depends on UE capability. For example, the minimum switching time for wake up with/without indication of BWP switching or Scell monitoring may be different. UE can report the preferred offset for different cases to network. Long time offset between WUS and on duration should be allowed by configuration.
Observation 1: The interruption time cause by BWP switching, MIMO layer adaptation, Scell activation and cross-slot/same-slot scheduling adaptation could be covered by the time offset between power saving PDCCH and DRX on duration.
Proposal 1: The following behaviors for upcoming DRX On duration can be explicitly indicated in power saving PDCCH, or automatically triggered once power saving PDCCH is detected,
· BWP switching
· Adaptation MIMO layer/Rx antenna number
· Indication of Scell monitoring
· Adaptation of cross slot scheduling/same slot scheduling
Based on the discussion above, the following bit field maybe needed for power saving PDCCH, is shown in Table 1. 
Table 1  DCI content for power saving PDCCH
	DCI field 
	Function
	Num of bits

	WUS/GTS
	1: wake up

0: go to sleep
	1

	BWP indicator
(MIMO layer adaptation)
	Indication of BWP switching, and may implicitly indicate MIMO layer adaptation.
	2

	Scell monitoring(Bitmap)
	The Scell(s) to be activated or monitored.
	Number of Scells

	TDRA table/k0 indication
	Dynamically enable/disable cross slot scheduling
	1


During DRX active time or when DRX is not configured, power saving characteristics, like BWP swiching/MIMO layer adaptation and cross/same-slot scheduling which are related to data scheduling, can be triggered by scheduling DCI using additional fields or some of the repurposed fields to indicate UE apdatation. Power saving PDCCH is not monitored during DRX active time or when DRX is not configured.

Proposal 2: Power saving PDCCH is not monitored during DRX active time or when DRX is not configured. In these cases, enhanced scheduling DCI can be used to indicate UE to adapt to power saving characteristics, e.g. MIMO layer and/or cross/same-slot scheduling.
1.2. Power saving PDCCH design
As discussed in previous meetings, the wake up PDCCH is monitored before the DRX on duration to avoid unnecessary PDCCH monitoring. For PS-PDCCH, it would be preferred if this new PDCCH itself can be monitored with less power consumption and high reliability. Bearing in mind the aforementioned requirements and principles, we will further discuss the detailed design of power saving PDCCH in this contribution.
1.2.1 CORESET for power saving PDCCH

Since the power saving PDCCH is not monitored during DRX active time, a UE can be configured with a new CORESET for WUS purpose only within a narrow bandwith to limit the power consumption for WUS monitoring. Either a narrow band BWP or a narrow band CORESET, regardless of the bandwith of the active BWP, can be considered for WUS PDCCH. UE can stay in a quite narrow bandwidth for WUS monitoring, and switch to the active BWP once WUS PDCCH is detected. As mentioned earlier, the switching process and be contained in the time duration between WUS and DRX on duration. Note that, since the resource for the WUS CORESET can be shared with other UEs for different purposes, the additional CORESET does not increase the system overhead from system perspective.
To further limit the power consumptions, the number of blind decodings can be reduced with limited number of aggregation levels and limited number of PDCCH candidates. For example, based on network configuration for the search space, only AL4 and AL8 need to be monitored, and only 4 and 2 PDCCH candidated need to be monitored for the 2 ALs respectively, which is similar to the configuration for SFI PDCCH monitoring.

Proposal 3: Additional CORESET(s) can be configured for power saving PDCCH, in addition to 3 CORESETs configured for the active BWP. It is up to netowrk implemention whether to share the CORESET with other UEs for PDCCH transmission.
Proposal 4: Limited number of aggregation levels and PDCCH candidates can be indicated in the search space configuration for power saving PDCCH, like SFI PDCCH.
1.2.2 DCI size budget

In Rel-15, UE is only required to monitor PDCCH with no more 4 different DCI sizes, and up to 3 DCI sizes with C-RNTI. With the introducing of power saving PDCCH, the DCI size alignment should be further considered in the DCI format design.

For wake up PDCCH, it is monitored before the DRX on duration, which means it will not be monitored at the same time instance as other PDCCH with UE specific RNTI during DRX active time, only one DCI size is monitored if the SI, paging PDCCH is not considered. In this case, it is not necessary to align the DCI size of WUS with other DCIs. On the other hand, the detection performance for power saving PDCCH is expected to be more reliable compared with other PDCCH, a shorter DCI size would be preferred to achieve a low code rate to ensure high detection reliability for WUS. 
Proposal 5: The power saving DCI is only monitored outside active time. The size of power saving DCI is not restricted by the existing DCI size budget (3+1) in Rel-15.
1.2.3 Group common or UE specific PDCCH
In traditional PDCCH design, the DCI format for group common and UE specific PDCCH are predefined. For group common PDCCH, UE can be configured to monitor a subset of the bits in the DCI, and the indications for multiple UEs can be contained in the same DCI. 
For WUS PDCCH before DRX on duration, multiple power saving characteristics can be triggered at the same time. Since each UE may be configured with different combination of functions and power saving characteristics depending on network configuration, traffic type and UE capability, etc. Therefore, each UE may be configured to monitor a different subset of the bits in the DCI with different bit location, length and field mapping, as shown in Figure 2. When only a few number of bits are needed for each UE, packet the indication in the group common PDCCH can save the system overhead. UE only need to monitor the bits configured for the UE, and the bit fields not configured for this UE should be ignored after the DCI successfully decoded. Different from traditional DCI format, in which the DCI field is predefined, the DCI field of power saving PDCCH can be semi-statically configured by RRC signaling.
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Figure 2: RRC configured DCI format for power saving PDCCH

Proposal 6: The DCI field, including bit length, locations and corresponding functions in group common power saving PDCCH, can be configured by RRC signaling.
If the wake up indication is delivered by group common PDCCH, when a UE is not intended to be wake up, it may still detect the PDCCH since the PDCCH is intended for other UE(s) in the group. In this case, there should be an explicit bit or code points indicating that UE does not need to wake up or adapt nay behaviors for the upcoming CDRX on duration.
Proposal 7: If the wake up signal is delivered through power saving PDCCH, explicit bit or code point should be defined to indicate UE not to wake up or adapt any behaviors for the upcoming DRX on duration.

Group DCI can carry information for a group of UE which can save PDCCH overhead. And it is efficient to be included in one PDCCH which targets to accompany with some group-specific or cell-specific transmission, e.g., SSB, CSI-RS or a DRX boundary in which a group of UE has the same period and offset configuration. UE-specific DCI is also useful.  In order to minimize system overhead, UE detection of the presence/absence of the PDCCH should indicate whether UE wake-up or not for the next DRX cycle. UE-specific DCI can carry more information compared to group DCI.

Same DCI design framework for both Group DCI and UE-specific DCI can be considered, one possible solution is that all bits in a DCI can be allocated to a single UE in a group common PDCCH through network implementation. Considering the fact that the search space and PS-RNTI is UE specifically configured, and the DCI bits are not shared with other UEs, such PDCCH is almost equivalent to a UE specific PDCCH. 

Proposal 8: Both Group common and UE specific power saving PDCCH are supported and monitored outside of DRX active time. 
If the number of bits UE need to monitor is limited, e.g. less than 6, UE can treat the PDCCH decoding as sequence detection, when UE is fully aware of the state of padding bits that UE does not need to monitor. As discussed in [6], the sequence detection can achieve low miss-detection rate with low detection complexity. To take advantage of sequence based PDCCH receiver, in addition to bit length, locations and corresponding functions in group common PS-PDCCH, UE should be aware of the DCI in the detected PDCCH is dedicated for the single UE, which can also be indicated in PS-PDCCH configuration in RRC signaling.
Proposal 9: To improve the detection reliability of group common power saving DCI for a single UE, UE should be indicated about the existence of padding bits through network configuration. 
1.3. Power saving PDCCH monitoring
1.3.1 Monitoring occasions relative to DRX on duration
As agreed in [1], the search space of power saving PDCCH follows the principle of Rel-15 search space configuration. It would be preferred if the search space of WUS PDCCH and the of DRX cycle share the same periodicity. However, according to [7], the periodicity in search space configuration and periodicity of DRX cycle are not fully aligned. As shown in following table.

Table 2  Periodicity of DRX cycle and PDCCH monitoring
	
	Supported periodicity

	DRX cycle (ms)
	10, 20, 32, 40, 60, 64, 70, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2048, 2560, 5120, 10240

	PDCCH monitoring periodicity (slots)
	1, 2, 4, 5, 8, 10,16, 20, 40, 80, 160, 320, 640, 1280, 2560


As shown in table 1, the maximum periodicity of PDCCH monitoring is 2560 slots, while the maximum DRX cycle is 10240ms, which means there may be multiple PDCCH monitoring durations in a DRX cycle if the DRX cycle is far greater than 2560 slots. As shown in Figure 3, there is multiple monitoring durations for WUS PDCCH in long DRX cycle. If the periodicity of WUS PDCCH monitoring configured is too short, the WUS PDCCH may need to be monitored quite frequently during the DRX off period. 

Besides, there are some DRX cycle values hardly to be aligned with PDCCH monitoring periodicity, e.g., {32, 64, 128, 256}ms and 70ms. As shown in Figure 4, the DRX cycle is 70ms, and the monitoring periodicity for WUS PDCCH is 20ms, which also lead to multiple PDCCH monitoring durations in the DRX cycle. Furthermore, the time interval between the nearest monitoring occasion and DRX on duration may change every DRX cycle.
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Figure 3: Valid WUS monitoring occasion when DRX cycle is multiple of PDCCH monitoring periodicity
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Figure 4: Valid WUS monitoring occasion when DRX cycle is not multiple of PDCCH monitoring periodicity
For above cases, there may be not a few monitoring durations for PS-PDCCH. To avoid unnecessary PDCCH monitoring across the DRX cycle, the PDCCH monitoring periodicity should be shorter than or equal to the DRX cycle and UE only monitor the WUS PDCCH in the monitoring duration(s), nearest to and before the DRX on duration, which can be derived from DRX and search space configuration.

Proposal 10: The periodicity for power saving PDCCH monitoring should not be longer than the DRX cycle, and UE only need to monitor the power saving PDCCH in the monitoring duration(s) nearest to and before the DRX on duration.
1.3.2 Multiple monitoring occasions for power saving PDCCH 
WUS PDCCH is transmitted only when there is data scheduling in the following DRX on duration. UE will skip the PDCCH monitoring in the DRX on duration if WUS PDCCH is not detected. If UE failed to detect the WUS PDCCH, it will lead to longer traffic delay.
To guarantee detection performance of wake up PDCCH and reduce detection failure, WUS can be transmitted several times before DRX on duration, and multiple monitoring occassion can be configured for WUS monitoring. However, it is up to network to transmit once or multiple times for wake up signaling. Similar design has been adopted in NB-IoT WUS design. On the other hand, to limit the power consumption of WUS monitoring, the multiple monitoring ocassions should be constrained in a short duration.
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Figure 5 : Multiple monitoring ocassions for WUS
Proposal 11: To guarantee the detection performance of power saving PDCCH, UE can be configured to monitor WUS in multiple consecutive monitoring ocassions.
As discussed in SI stage, UE may need to implement periodic activities, e.g. time and frequency tracking, RRM measurement and AGC retuning, especially after long sleep in DRX off period. In this case, even if UE is not wake up for upcoming DRX, UE may need to receive both SSB and PS-PDCCH for wake up indication. It should be noted that minimizing/reducing the timing gap between periodic activities including measurements (e.g., SSB or CSI-RS) and WUS should be considered. As shown in Figure 6, the monitoring occasions for WUS PDCCH is prefferd to be around SSBs in time domain if both SSB and WUS need to be received. [image: image6.png]laree o small gap
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Figure 6 illustration of the power difference for two cases.
For UEs with sparse traffic, UE would not wake up for most of the DRX On duration. In this case, it is not power efficient to configure power saving PDCCH mointoring immediately before DRX onduration, since this would increase the total UE active time as discussed before. Configuring power saiving PDCCH monitoring occasion close to the SSB is beneficial for UE power saving in such case. 
Considering the reference configuration for FR1 which was described in [2],
C-DRX cycle is 160ms, inactivity timer = 40 ms, On duration is 8 ms, SMTC periodicity = 20ms, SMTC and DRX time offset = 10ms (worst case), IM traffic model and by assuming the traffic has a 10% arrival rate for each DRX cycle, it can be derived that,

WUS near SSB: average power = 7.9 unit
WUS near DRX: avergae power = 9.38 unit (+18%)
Proposal 12: Power saving PDCCH transmission near SSB/CSI-RS should be considered in order to minimize UE power consumption.

However, the UE DRX onduration may be far from SSB (e.g. 10ms distance), configuring power saving PDCCH monitoirng close to SSB means that gNB has to predict the traffic arrival 10ms before the DRX onduration, which may also not preferred from scheduling perspective. To trade-off between UE power saving and network scheduling perspective, it can be considered to configure power saving PDCCHs at both occaions, one close to SSB, another closed to DRX onduration. 
As one example, group common PDCCH is monitored around SSB and UE specific PDCCH is monitored at certain occasions preceding the DRX On, as shown in Figure 7. For the group common PDCCH, only limited bits in DCI is allocated for each UE, e.g. 1/2 bit per UE indicating whether UE should skip the upcoming DRX cycle or not, while in the UE specifc PDCCH, the indications for BWP switching, MIMO layer adaptation, cross/same-slot scheduling and etc., can be indicated. Thus, more UEs can be packeted in group common DCI, and the indications for aforementioned power saving characteristics are indicated to UE only when traffic arrived, which is an efficient way to deliver the power saving DCI. UE monitors the group common power saving PDCCH during the SSB monitoring therefore marginal additional power consumption is expected, in case UE is indicated to ’not wake up’ by group common DCI, UE can skip monitoring UE specific PS-PDCCH as well as the coming DRX onduration. On the contrary, if UE is indicated to ‘wake up’ by group common DCI, UE monitors the corresponding upcoming UE specific PS-PDCCH to see whether to skip the coming DRX onduration or not, and/or the parameters related to receiver behavior in DRX active time, e.g. cross/same-slot scheduling, max number of MIMO layers, etc.. With this scheme, UE power consumption can be reduced, and system overhead and network scheduling flexiblity is not compromised.
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Figure 7 Multiple monitoring occasions for group common and UE specific PS-PDCCH

Proposal 13: Both group common and UE specific PDCCH are supported for power saving PDCCH. Both of them can be configured to a UE before DRX On (e.g., in different monitoring occasions). UE monitors the UE specifc PS-PDCCH only if UE detect group common PS-PDCCH indicating UE to wake up.
1.3.3 QCL assumptions for power saving PDCCH monitoring
In the case of FR2 or multiple TRPs scenario, UE may be configured to monitor PDCCH in multiple beams. In the active DL BWP, UE can be configured with up to 3 CORESETs, and each coreset have an active TCI state indicated by RRC signaling and MAC-CE. When DRX is configured in FR2, UE may lose fine beam tracking after long DRX cycle. In order to ensure the detection performance of WUS, WUS can be transmitted in a single beam and repeated multiple times. 
Alternatively, WUS can be transmitted in beam sweaping manner, like paging in idle state, UE need to monitor the WUS assuming different TCI states at different monitoring ocassions, as illustrated in Figure 8.
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Figure 8  Different QCL assumptions for WUS PDCCH monitoring in multiple monitoring ocassion
In Rel-15, UE can be configured to monitor PDCCH in up to 3 CORESETs with indivudual TCI states in the active BWP in the DRX active time, and the best beam pair can be refined by the beam management process. It is unlikely that all of Rx beams for the configured CORESETs will failure after wake up, therefore WUS PDCCH can be transmitted and monitored multiple times using multiple TCI states of the configured CORESETs.

For WUS PDCCH monitoring using multiple TCI states, following options can be considered :

· Option 1 : UE detect the WUS PDCCH in up to 3 CORESETS, which are the CORESETs configured for  the active BWP.
· Option 2 : UE detect the WUS PDCCH in using up to 3 QCL assumptions in a single CORESET, and UE dynamically change the QCL assumptions for WUS monitoring in different  monitoring occasions.
For option 1, the WUS PDCCH monitoring occasions are indicated by 3 independent search space configurations associated with 3 CORESETS. In this case, the total duration for WUS PDCCH monitoring in the 3 individual search space sets may be quite long, which lead to higher power consumption. Besides, as shown in Figure 9, for each CORESET, different frequency resource mapping, interleaver type, REG bundle size, interleaver size, precoder granularity can be configured, which means the WUS PDCCH should be monitored using different receiver branch in different CORESETs, which may introduce unnecessary complexity, especially when the arrival traffic is sparse.
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Figure 9 WUS PDCCH monitored in 3 CORESETs configured for the active BWP
For option 2, UE can monitor the WUS PDCCH using the same resource configuration in a single CORESET, which can be an additonal CORESET or indexed to one of the CORESETs in up to 3 CORESETs configured for each BWP. Furthermore, the monitoring occasions with different QCL assumptions can be configured by a single search space set and confined in a duration. UE dynamically change the QCL assumptions according to the predefined or configured association between the monitoring occasions and the QCL assumptions. UE can detect the WUS PDCCH using the QCL assumptions identical to the active TCI states of the configured CORESETs in ascending order of the CORESET index. For each QCL assumption, the number for monitoring occasions can be further configured, e.g. more than 1 monitoring occasions for each QCL assumption can be configured to guarantee the detection reliability at UE or allow scheduling flexibility at gNB. As shown inFigure 10, WUS PDCCH is monitored using 3 QCL assumptions, and each QCL assumption is associated with 2 monitoring occasions.
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Figure 10 Multiple monitoring occasions for each QCL assumption for WUS monitoring
Based on the above discussion, the receiver of WUS PDCCH can be simplified using option 2 compared with option 1, and the total working duration for WUS monitoring is also limited. 
Proposal 14: The monitoring occasions of power saving PDCCH is limited in continuous duration configured by a single search space set and a single CORESET.

Proposal 15: UE detect the power saving PDCCH using the QCL assumptions identical to the active TCI states of the configured CORESETs for the active BWP in ascending order of the CORESET index. More than 1 monitoring occasions can be configured to associate with each active TCI states.
As discussed above, the power saving PDCCH can be transmitted in beam sweeping manner, and it is up to gNB implementation whether to transmit WUS PDCCH using all active TCI states or only a subset of them. However, UE may not be fully awared of on which beam the WUS PDCCH is transmitted, since UE may miss detect WUS PDCCH for one of the transmissions. Therefore, to ensure the scheduling flexibility, UE should monitor all the CORESETs configured during active time if PDCCH is detected using any of QCL assumptions.
Proposal 16: UE should monitor all the CORESETs configured during active time, if power saving PDCCH is detected using any of QCL assumptions.
3. Conclusion

In this contribution, we focus on the power saving characteristics and the corresponding PDCCH design, and have the following proposals:
Observation 1: The interruption time cause by BWP switching, MIMO layer adaptation, Scell activation and cross-slot/same-slot scheduling adaptation could be covered by the time offset between power saving PDCCH and DRX on duration.

Proposal 1: The following behaviors for upcoming DRX On duration can be explicitly indicated in power saving PDCCH, or automatically triggered once power saving PDCCH is detected,
· BWP switching

· Adaptation MIMO layer/Rx antenna number
· Indication of Scell monitoring

· Adaptation of cross slot scheduling/same slot scheduling
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Proposal 2: Power saving PDCCH is not monitored during DRX active time or when DRX is not configured. In these cases, enhanced scheduling DCI can be used to indicate UE to adapt to power saving characteristics, e.g. MIMO layer and/or cross/same-slot scheduling.
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Proposal 3: Additional CORESET(s) can be configured for power saving PDCCH, in addition to 3 CORESETs configured for the active BWP. It is up to netowrk implemention whether to share the CORESET with other UEs for PDCCH transmission.
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Proposal 4: Limited number of aggregation levels and PDCCH candidates can be indicated in the search space configuration for power saving PDCCH, like SFI PDCCH.
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Proposal 5: The power saving DCI is only monitored outside active time. The size of power saving DCI is not restricted by the existing DCI size budget (3+1) in Rel-15.
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Proposal 6: The DCI field, including bit length, locations and corresponding functions in group common power saving PDCCH, can be configured by RRC signaling.
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Proposal 7: If the wake up signal is delivered through power saving PDCCH, explicit bit or code point should be defined to indicate UE not to wake up or adapt any behaviors for the upcoming DRX on duration.


Proposal 8: Both Group common and UE specific power saving PDCCH are supported and monitored outside of DRX active time. 

Proposal 9: To improve the detection reliability of group common power saving DCI for a single UE, UE should be indicated about the existence of padding bits through network configuration. 


Proposal 10: The periodicity for power saving PDCCH monitoring should not be longer than the DRX cycle, and UE only need to monitor the power saving PDCCH in the monitoring duration(s) nearest to and before the DRX on duration.
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Proposal 11: To guarantee the detection performance of power saving PDCCH, UE can be configured to monitor WUS in multiple consecutive monitoring ocassions.

Proposal 12: Power saving PDCCH transmission near SSB/CSI-RS should be considered in order to minimize UE power state consumption.
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Proposal 13: Both group common and UE specific PDCCH are supported for power saving PDCCH. Both of them can be configured to a UE before DRX On (e.g., in different monitoring occasions). UE monitors the UE specifc PS-PDCCH only if UE detect group common PS-PDCCH indicating UE wake up.
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Proposal 14: The monitoring occasions of power saving PDCCH is limited in continuous duration configured by a single search space set and a single CORESET.
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Proposal 15: UE detect the power saving PDCCH using the QCL assumptions identical to the active TCI states of the configured CORESETs for the active BWP in ascending order of the CORESET index. More than 1 monitoring occasions can be configured to associate with each active TCI states.
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Proposal 16: UE should monitor all the CORESETs configured during active time, if power saving PDCCH is detected using any of QCL assumptions.
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