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1	Introduction
In this paper we discuss the following techniques for UE power savings. 
· Adaptation to variation in time in section 2
· Adaptation to DRX operation in section 3
· WUS operation with CDRX in section 4
· PDCCH-based WUS design in section 5
· GTS and Reduced PDCCH monitoring in section 6
· Adaptation to variation in frequency in section 7
· UE assistance information in section 8
[bookmark: _Ref178064866]2	Adaptation to variation in time
The following aspects are discussed wrt variation in time: cross-slot, same slot with restricted SLIVs, and multi-slot scheduling. 
2.1 Cross-slot scheduling
In NR, UE can be configured such that it can be scheduled using same-slot scheduling (e.g. minimum K0 =0) or cross-slot scheduling (e.g. K0 >0). The procedure is depicted in Figure 1. 
[image: ]
Figure 1. Illustration of power consumption with same-slot scheduling vs. cross-slot scheduling.
System-level evaluation results for cross-slot scheduling are shown in [3]. 
The results indicate that always using cross-slot scheduling negatively impacts scheduling delay and throughput, especially for minimum K0>1. Therefore, mechanisms for faster adaptation between cross-slot scheduling and regular scheduling are needed to address throughput impact.   
UE can begin monitoring PDCCH assuming the PDCCH can schedule PDSCH with a scheduling delay greater than a slot, but when the UE finds a PDCCH with a PDSCH assignment, it can then assume that subsequent PDCCHs can schedule PDSCH with smaller scheduling delay i.e. same slot. Then UE can switch back again after traffic burst ends, based on explicit NW indication or a timer. An example is shown in below Figure. Currently, the scheduling delays are indicated via RRC as part of time domain resource allocation pattern, along with SLIV values. Given this, to achieve cross- and same- slots scheduling, one possibility is to simply enable and disable some of the time domain resource allocation values based on the indication. 
[image: ]
Figure 2. Illustration of switching between cross-slot and same slot scheduling. 
Based on the above discussion, we propose the following: 
1. [bookmark: _Toc534988066][bookmark: _Toc534988145][bookmark: _Toc534988475][bookmark: _Toc534989075][bookmark: _Toc534989150][bookmark: _Toc534989384][bookmark: _Toc534989632][bookmark: _Toc534988067][bookmark: _Toc534988146][bookmark: _Toc534988476][bookmark: _Toc534989076][bookmark: _Toc534989151][bookmark: _Toc534989385][bookmark: _Toc534989633][bookmark: _Toc534988068][bookmark: _Toc534988147][bookmark: _Toc534988477][bookmark: _Toc534989077][bookmark: _Toc534989152][bookmark: _Toc534989386][bookmark: _Toc534989634][bookmark: _Toc534988069][bookmark: _Toc534988148][bookmark: _Toc534988478][bookmark: _Toc534989078][bookmark: _Toc534989153][bookmark: _Toc534989387][bookmark: _Toc534989635][bookmark: _Toc534988149][bookmark: _Toc534988479][bookmark: _Toc534989079][bookmark: _Toc534989154][bookmark: _Toc534989388][bookmark: _Toc534989636][bookmark: _Toc535000888][bookmark: _Hlk534921089][bookmark: _Toc1162335]Layer-1 based switching between cross and same-slot scheduling should be supported. 
2.2 Same slot scheduling with restricted SLIVs 
It is suggested that some explicit indication about the TDRA configuration employed by the NW or exclusion of some TDRA configuration can help the UE to achieve power savings. E.g., the first PDSCH symbol can start after several symbols from PDCCH reception to allow micro sleep or the PDCCH and assigned PDSCH are clustered together in time with predictable gaps in between during which UE can take advantage of microsleep. 
An example of same-slot scheduling with restricted SLIVs and opportunity of microsleep is shown in figure below. The SLIV restriction can become a bit complicated for scheduler to handle as it would be unable to schedule the user in the middle portion of the slot, leading to a throughput loss. Since most power savings gains can be achieved from cross-slot scheduling case, the gains by precluding a set of TDRA configurations or SLIVs in same-slot are not clear.
[image: ]
Figure 4. Illustration of power consumption with cross-slot scheduling and reduced TDRA configuration in same slot.
1. [bookmark: _Toc1162348]TDRA adaptation with same-slot scheduling and restricted SLIVs increases scheduler restrictions and can lead to throughput loss.
[bookmark: _Hlk1137291]2.3 Multi-slot scheduling 
Multi-slot scheduling can be considered as a power savings technique if the NW schedules the UE for several slots at once and do not schedule anything else in between. While this can reduce PDCCH monitoring in some slots, it is not clear if there are any UE power savings gains if the UE is anyway awake and receiving PDSCH in those slots, which according to the agreed power consumption model consumes ~300 units compared to deep sleep state of 1 unit (note: PDCCH-only, w/o PDSCH in the same-slot, consumes 100 units). It is of course well-acknowledged that multi-slot scheduling can be useful in some scenarios due to reduced PDCCH overhead and blocking performance, but at least for this study item, the power consumption benefits are not very clear.
1. [bookmark: _Toc535000886][bookmark: _Toc1162349]Multi-slot scheduling does not provide power saving gains since power savings in slots where UE skips PDCCH monitoring are offset by the power consumed for PDSCH reception in those slots.
3	Adaptation to DRX operation
An example of current DRX operation allowed in Rel-15 is shown in the below figure. The figure shows the start of the Inactivity timer (IAT) based on detected PDCCH (scheduling data), and upon its expiration the UE can go to sleep or to DRX. Additionally, Rel-15 also supports the case where a MAC command can be used to send the UE to sleep as shown in the figure. Thus, there are existing tools in current NR toolbox to address the case of UE power consumption increase due to mismatched large value setting for IAT.  

[image: ]
Figure 5 Illustration of DRX including DRX MAC command CE to send UE to DRX.

Power consumption due to large Inactivity timer or during On durations can be addressed via several techniques such as existing Rel-15 DRX MAC CE command, enhanced cross slot scheduling, and a wakeup signal design. 
DRX configuration is adapted through RRC signaling currently. Thus, DRX adaptation based on layer-1 or MAC-based can be considered if the switching due to RRC is not considered sufficiently fast. MAC-based adaptation between different DRX configurations can potentially be beneficial, but perhaps RAN2 can address this on their own given their expertise and foresight (e.g. DRX MAC command CE to send UE to DRX) in also addressing UE power savings in Rel-15 through MAC Command CE based control of IAT. 
1. [bookmark: _Toc535000889][bookmark: _Toc1162336]MAC-based adaptation between different DRX configurations should be discussed by RAN2. 
Configuring a UE with multiple DRX configurations and adapting through Layer-1 DCI based schemes could be considered if MAC-based adaptation is either considered to be slow or somehow not supported. However, such Layer-1 based scheme should ensure robustness, e.g. considering PDCCH miss rate, overhead, etc. The scheme should avoid scenario that can lead to mismatch in NW and UE’s understating of the DRX configuration at any given time. 

3.1 Preparation period 
In the last meeting, preparation period and additional RS were also proposed for study. For CDRX, there seem to be two main motivations proposed for the preparation period: 
1) Additional RS to assist channel tracking to prepare for PDCCH/PDSCH decoding, 
2) Additional RS for CSI measurement and reporting
This period is supposed to be either before On duration or during On duration. 
For 1), it seems the claimed benefit of the additional RS before On duration is to assist UE channel tracking for preparing for PDCCH/PDSCH decoding in On duration. Currently, it is up to UE implementation as to how it processes existing reference signals such as SSB for time-frequency tracking. Additionally, Tracking Reference Signals (TRS) can be configured by the NW and these are available for time-frequency tracking. Unlike CSI-RS for measurement and reporting, the NW is not mandated to transmit TRS only during the On duration, and hence UE can make use of TRS (e.g. periodic or semi-persistent) transmitted during DRX to do fine time/frequency tracking. 
Given these choices already available from Rel-15 design, the need for adding more reference signals is unclear. Moreover, since these additional RS to assist time/frequency tracking are required to transmitted always ahead of each On duration, this will imply a constant overhead from NW perspective, which will scale with the number of users.
If there are small number of UEs in DRX, then NW, based on implementation and existing Rel-15 framework, can align the existing TRS transmissions or SSBs to occur close to UE’s On duration and UEs can take advantage of such proximity for any power savings, and thus, the need to define a separate preparation period in such cases is not well-motivated. 
If there are large number of UEs in DRX, then simply configuring additional RS very close to each UE’s On durations becomes infeasible from scheduling point of view as it increases NW energy consumption and also resource utilization. 
For 2), the use case seems tied to having a wake-up signal (WUS) prior to On duration in the sense that NW sends a WUS to tell the UE that there is a data burst in upcoming On duration and that the UE should start PDCCH monitoring in that On duration. Furthermore, the NW also uses the WUS to also trigger a CSI-RS resource in the preparation period (e.g. in the time between WUS end and beginning of On duration) for UE to measure CSI, and a possible uplink resource on which the UE reports CSI (e.g. on PUCCH, also possibly before On duration). Then, it seems the purpose of the additional RS for CSI measurement is not power consumption reduction, rather targeting performance enhancement. While such gains are also not clear, they are however beyond the scope of this SI which is related to UE power savings. Given this, we do not see a need for introducing Additional RS for CSI measurement and reporting prior to On duration. Rel-15. This simply seems to redefine the active time of the UE to also include some portion between WUS end and beginning of On duration. 
1. [bookmark: _Toc1162350]Specifying additional reference signals increases overhead and negatively impacts NW energy efficiency. 
1. [bookmark: _Toc1162351]For channel tracking before onset of On duration in CDRX, existing reference signals (SSB and/or TRS) defined in Rel-15 are already available.
4 WUS operation with CDRX
Wakeup signal (WUS) is a potential technique to reduce UE power consumption. NW can inform the UE through wake-up signalling that the UE should start monitoring for PDCCH e.g. in DRX On duration, etc. The motivation being that the wakeup signal monitoring can be performed by the UE with a relatively lower power consumption.
DRX itself is a key power saving technique, whereby UE is allowed opportunities for sleep, and requiring it to wakeup periodically to monitor PDCCH (e.g. On duration). Once UE detects scheduling messages, it can stay awake until the end of active time and go back to DRX for saving power. Thus, in case data arrives in the DL buffer, the gNB has to wait until the next On duration to start scheduling the UE and keep the UE in active time until the packet is successfully transmitted, and then it can send the UE back to DRX. If there is no data for the UE, the UE monitors PDCCH during On duration, and if no scheduling messages are detected, the UE can go back to sleep after that duration. The WUS should precede the scheduling PDCCH transmission by an offset value (e.g. number of symbols/slots) to allow the UE to wake up and start PDCCH monitoring.
An example of DRX operation with WUS is shown in Figure 1. If UE detects WUS in a WUS monitoring occasion, then it will monitor PDCCH in the On duration, otherwise the UE may skip monitoring PDCCH in that On duration. The figure also illustrates an example mechanism by which UE can go to sleep after receiving data (at expiry of Inactivity timer). 
[image: ]
Figure 6. Placement of WUS monitoring occasion prior to ON duration.
In Jan Adhoc meeting, it was agreed to consider the following aspects for WUS: 
· Companies are encouraged to consider the following aspects for the purpose of the power saving signal/channel design,
· The multiplexing capability
· Include total number of UEs supported
· The resource overhead in achieving the power saving
· The behaviour when miss detection/false alarm happens
· Multiplexing with other signals/channels
· Number of information bits
· Complexity
· Power consumption

Easy multiplexing into existing NR frame structure with existing signals/channel formats would be a key consideration. Since WUS is an additional signal for NW to transmit, the overhead should be kept to minimum, and there should be flexibility to dynamically reassign the WUS resources for other appropriate channels/signals.  Since the existing PDCCH structure can be fully reused (CORESETs, Search space, etc), with appropriate configuration, the WUS commands can be addressed to single UE or group of UEs as needed.
Reusing existing signals/channels reduces complexity while providing efficient coexistence/multiplexing. The PDCCH-based WUS design described in next section reuses existing PDCCH resources, and structure as well. From a configuration perspective, the existing coreset and search space structure can be fully reused to configure WUS along with an offset value to indicate the placement relative to the On duration. 
Robustness should be ensured in the overall design so that configuration of WUS does not adversely affect NW performance and/or key performance indicators. The cost of missed WUS at the UE side can be more significant compared to falsely detecting WUS at the UE side. If UE misses a WUS sent by gNB, then it can mean large delay in packet transmissions (i.e. NW has to wait until the subsequent WUS occasion and On duration), and increased wastage of network resources since NW may realize that UE has missed detecting WUS after several slots (e.g. DTX on HARQ feedback) and all the transmissions to that UE until then are wasted. If UE falsely detects a WUS even though gNB has not sent WUS, then the UE will be wakeup and perform some unnecessary PDCCH monitoring and go back to DRX at the end of the On duration. While this increases power consumption a bit, there is no severe implication of a false detect on other KPIs such as latency, etc.
The WUS missed detection performance should be as good or better than PDCCH miss rate of ~1%. The WUS false alarm rate requirement can be more relaxed than miss detection rate since the implication is some additional power consumption at the UE side.
The detection performance of a PDCCH-based WUS is shown in next section.  The results show that DCI with smaller number of information bits (e.g. DCI 0_0/1_0 with larger number of padding bits) provides better detection performance compared to DCI with larger number of information bits (e.g. DCI 0_0/1_0 with smaller/no number of padding bits).
System-level evaluation results WUS are shown in [3].
Based on the above, we propose that wakeup signal should be supported as the power savings signal to reduce UE power consumption.

[bookmark: _Toc1162337]Wakeup signal is supported as a DL power saving signal and/or channel.  
5 PDCCH-based WUS design 
In this section, we discuss the design and performance of a wake-up signal based on reuse of existing Rel-15 PDCCH structure and compare the performance with different variants of the information embedded on the corresponding resource elements. 
In DCI-based WUS, the wakeup command is transmitted through the DCI (or WUS-DCI). For example, different UEs can be addressed via different UE-specific DCI payload (or contents), UE-specific RNTI mask on the encoded CRC or by applying UE-specific scrambling on the PDCCH. An example DCI-based wake-up signal generation process is shown in Figure 1 (reusing Rel-15 PDCCH encoding structure). 

Figure 7: DCI-based Wake-Up Signal Generation.

DCI-based WUS can be detected using regular PDCCH receiver. A successful WU-DCI detection (such as CRC pass) would indicate the UE to wakeup and start monitoring PDCCH. Otherwise, if no WU-DCI is detected, the UE can skip monitoring PDCCH (or simply sleep). Such a detection procedure would involve an FFT operation, performing channel estimation, channel equalization, and finally the polar-decoding operation. A significant advantage is the reusability of the existing Rel-15 PDCCH transmit and receive processing blocks. 
If the wakeup DCI has very short payload (e.g. 1-bit wake-up command), then the UE could improve the detection performance by taking any additional information (regarding possible padding bits, etc) into the Polar SSCL decoding.  
Alternatively, in case of very short payload (1-bit wakeup command), the entire DCI processing could be effectively yielding a single(or two) scrambling sequences at the output, and the UE can use simple linear correlator by performing correlation between received time-domain signal and a dedicated wake-up signal template which is known to the UE (i.e. from the effective scrambling sequence). Such a scheme can facilitate the design of low-powered wake-up receivers.

Figure 8: A Rel-15 PDCCH receiver used as wakeup signal detector for WU-DCI.

Instead of WUS-DCI, sequences can be assigned on a UE-specific basis, and UE can use a sequence detector to identify whether WUS was transmitted or not. For achieving similar benefits as WUS-DCI, the sequence-based WUS can be mapped to existing PDCCH resources using leveraging most of the benefits offered by Rel-15 PDCCH design (such as given AL/SS/Coreset, narrow in time, configurable in BW, etc). 
For detection, UEs can again use simple linear correlator by performing correlation between received time-domain signal and a dedicated wake-up signal template which is known to the UE (i.e. from the UE-specific sequence). Such a scheme can also facilitate the design of low-powered wake-up receivers. The uniqueness of these wake-up signals is, dependent upon the level of cross-correlation, which will also affect the detection and false-alarm performance when such correlators are used. 
[bookmark: _Toc535010461][bookmark: _Toc1162338]Wake-up signal (WUS) based on PDCCH is supported as DL power saving signal and/or channel . WUS design should allow low power receiver (e.g. correlation-based) and consider aspects including misdetection, false alarm rate, synchronization requirements, latency and coexistence with other NR channels and signals. 
5.1 Detection Performance
In this section, we present link-level results for WUS detection performance. 
The system parameters used for the simulations are as follows: 100 MHz bandwidth with 30 kHz numerology, PDCCH coreset bandwidth is set to 100 MHz with a one symbol Coreset and Coreset type is of the non-interleaved type. The fading channel is of type TDL-C and the UE speed is to set 3 kmph. 
First, we look at DCI-based WUS with simple PDCCH decoder, comparing a 4-bit DCI payload vs 30-bit payload and with RNTI on the CRC mask, with 24-bit CRC used for path selection. For convenience (and to distinguish from next set of results using correlator-based decoding of DCI-based WUS), we use RNTI-based WUS as legend for the case when DCI-based WUS with simple PDCCH decoder.
The figures show gains in detection performance due to compact 4-bit DCI, and improved performance with increase WUS BW. We note the same performance as a 4-bit DCI can be achieved by using a longer DCI with 4 information bits and remaining bits set to 0 i.e. padding bits. Additional results are in Annex A.
The FAR in Figure 8 is quite low, as expected from the 24-bit CRC. Such a mechanism thereby provides robust false-alarm (< 1e-6, which might be excessive, and some of the CRC bits can be used for error correction).  On the other hand, the performance of detection is heavily influenced by the fading channel, thereby, it will be dependent upon the effective code-rate. Further performance improvements can be expected if some of the distributed CRC bits are used for error correction (i.e. as dynamic frozen for penalizing path metrics) instead of plain error detection. 
We make the following observations. 
1. [bookmark: _Toc1142822][bookmark: _Toc1142865][bookmark: _Toc1162352]Detection performance of PDCCH decoding of DCI-WUS is dependent upon the effective code-rate, determined by information bits in the payload and AL. 
1. [bookmark: _Toc1162353]DCI with smaller number of information bits (e.g. DCI 0_0/1_0 with larger number of padding bits) provides better detection performance compared to DCI with larger number of information bits (e.g. DCI 0_0/1_0 with smaller/no number of padding bits). 
1. [bookmark: _Toc1162354]Performance of DCI-WUS can be further improved by trading off false-alarm vs missed detection in PDCCH decoding.
  [image: ]
Figure 8. Probability of detection and false-alarm of RNTI-based wakeup signal (i.e. DCI-based WUS with PDCCH decoder). The channel delay spread is 300e-9 seconds.

We also compare the following options using a time-domain linear correlator in below figure (more plots in Annex B):
· DCI-based WUS (as described in Figure 2)
· The equivalent sequence is given by the output of the PDCCH scrambling block. A fixed 30-bit UE-specific DCI payload content is used. 
· Sequence-based WUS with a sequence transmitted on PDCCH resources
· using sequences derived from length 31 Gold sequences as specified in [2], and by using C-RNTI in the sequence initializer and mapped to PDCCH resources.

[image: ] 
Figure 9. Probability of detection versus false-alarm at SNR equal to -6 dB. Channel delay spread is 300e-9 seconds.
From figures 9 and 10, we see similar performance for both these types of wakeup signals and observe that better detection and false alarm performance occurs for higher wakeup signal bandwidths. DCI-WUS and sequence-based WUS allow for the realization of low-powered wake-up receivers, whereby the detection of the wake-up signals is done using simple time-domain correlators. For both DCI-WUS and sequenced-based WUS, in case of low SINRs, it is only possible to reach a miss detection of 0.1 % for highest AL/bandwidth and low delay spread. 
[bookmark: _Toc534885386][bookmark: _Toc534887576][bookmark: _Toc534887950][bookmark: _Toc534891179][bookmark: _Toc534891955]
6 GTS and Reduced PDCCH monitoring 
Go-to-sleep is a mechanism by which a gNB can send UE to sleep, for example, in CDRX, UE can go to sleep when Inactivity timer expires. While there are several variants of GTS, it is noted that MAC based go-to-sleep is already supported in Rel-15. 
In MAC command-based mechanism, when UE is monitoring PDCCH, gNB can send it to DRX via explicit DRX MAC command CE by stopping the Inactivity and any On duration timers (see 38.321). Thus, if the NW has set a large Inactivity timer and has no more data to send to a UE, then the NW can use a DRX MAC command CE to immediately send the UE to sleep and save power. Given this mechanism is already supported in Rel-15 DRX design, it is good to take this into account in the overall GTS design and power savings evaluations. An example is illustrated in Figure 8 below. 
[bookmark: _Toc535010468][bookmark: _Toc1162355]Existing Rel-15 DRX MAC Command CE can be utilized for sending UE to sleep to reduce power consumption due to large Inactivity timer setting, etc.  

[image: ]
Figure 13. Illustration of DRX operation using WUS and using Rel-15 DRX MAC command CE-based GTS.
[bookmark: _Toc534885393][bookmark: _Toc534887583][bookmark: _Toc534887958]Next, we discuss GTS using a L1-based mechanism (i.e. GTS in DCI) of NW telling the UE to go-to-sleep. Like MAC-based GTS, in this case the NW indicates to the UE that nothing will be scheduled for it and UE can simply go to sleep. 
While the L1-based scheme may provide some additional power savings (MAC processing latency vs L1 processing latency), for the case with large Inactivity timers where GTS can be helpful, the relative gains of L1-based scheme (over MAC-based) may not be significant. Moreover, missed GTS-DCI assignments can lead to increase in UE power consumption as UE is awake unnecessarily, which can be avoided by MAC-based GTS which considers the feedback from the UE side.  
Designing DCI based mechanism can be beneficial if it can be either be used for enhancing sleep operation or reduced PDCCH monitoring than to simply address the long Inactivity timer issue. To reduce unnecessary packet delays, the sleep period should be relatively small (a few slots) so that the packet for the UE can be scheduled without long delays. Therefore, we propose that DCI based mechanism to reduce PDCCH monitoring/GTS is supported. 
[bookmark: _Toc1137224][bookmark: _Toc1137584][bookmark: _Toc1138832][bookmark: _Toc1139014][bookmark: _Toc1139893][bookmark: _Toc1142834][bookmark: _Toc1142877][bookmark: _Toc534891030][bookmark: _Toc534891190][bookmark: _Toc534891213][bookmark: _Toc534891252][bookmark: _Toc534891270][bookmark: _Toc534891330][bookmark: _Toc534891442][bookmark: _Toc534891703][bookmark: _Toc534891726][bookmark: _Toc534891785][bookmark: _Toc534891965][bookmark: _Toc535010462][bookmark: _Toc528269411][bookmark: _Toc528961514][bookmark: _Hlk1131353][bookmark: _Toc1162339]DCI based mechanism facilitating reduced PDCCH monitoring/GTS should be supported. Such schemes should complement the Rel-15 MAC Command CE-based mechanism. 
7	Adaptation to the variation in frequency
Association of BWP with DRX operation can potentially lead to power savings. For example, the UE can monitor PDCCH during ON duration with a specific BWP, and during the inactivity timer with another BWP. In the case of the latter, the corresponding BWP can be smaller which consumes less power as a result. Furthermore, in case, cross-slot scheduling is used, the UE can expect to monitor PDCCH in a smaller BWP compared to what is used for PDSCH. Nevertheless, these ideas can be covered by adaptive CORESET/SS configuration or sparse PDCCH monitoring mechanisms, where the UE is configured with several CORESET/SS and BWPs and switching between them is enabled based on operational mode.  
For CA, activation/deactivation is already supported in NR for reducing UE power consumption. Fast activation/deactivation via L1 can further reduce UE power savings. If gNB has a lot of data to send to the UE, fast activation/deactivation would allow gNB to efficiently use of UE’s CA capabilities, and quickly deactivate components carriers to reduce power consumption. However, reduced latency Scell management (including fast activation/deactivation) and related issues (including, but not only power consumption) are to be discussed in the current ongoing WI on MR-DC enhancement. 
8	UE Assistance information
In general, UE assistance information can help the NW to choose the right parameters for power savings in the UE. NW can also ask UE for assistance information that might be useful in scheduling and these could be in the form of capability, assistance or feedback. It is important that NW explicitly controls triggering adaptation of UE power consumption characteristics mainly so that unpredictable and untestable UE behavior is avoided. It should be also noted that frequent and unnecessary uplink transmissions from UE in form of assistance can increase overhead and may in fact cause increased UE power consumption. 
[bookmark: _Toc1162340]UE assistance information should be infrequent, and preferably through higher layer signaling. In other cases, such assistance information should be provided only when configured by the NW.

Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	TDRA adaptation with same-slot scheduling and restricted SLIVs increases scheduler restrictions and can lead to throughput loss.
Observation 2	Multi-slot scheduling does not provide power saving gains since power savings in slots where UE skips PDCCH monitoring are offset by the power consumed for PDSCH reception in those slots.
Observation 3	Specifying additional reference signals increases overhead and negatively impacts NW energy efficiency.
Observation 4	For channel tracking before onset of On duration in CDRX, existing reference signals (SSB and/or TRS) defined in Rel-15 are already available.
Observation 5	Detection performance of PDCCH decoding of DCI-WUS is dependent upon the effective code-rate, determined by information bits in the payload and AL.
Observation 6	DCI with smaller number of information bits (e.g. DCI 0_0/1_0 with larger number of padding bits) provides better detection performance compared to DCI with larger number of information bits (e.g. DCI 0_0/1_0 with smaller/no number of padding bits).
Observation 7	Performance of DCI-WUS can be further improved by trading off false-alarm vs missed detection in PDCCH decoding.
Observation 8	Existing Rel-15 DRX MAC Command CE can be utilized for sending UE to sleep to reduce power consumption due to large Inactivity timer setting, etc.

Proposal 1	Layer-1 based switching between cross and same-slot scheduling should be supported.
Proposal 2	MAC-based adaptation between different DRX configurations should be discussed by RAN2.
Proposal 3	Wakeup signal is supported as a DL power saving signal and/or channel.
Proposal 4	Wake-up signal (WUS) based on PDCCH is supported as DL power saving signal and/or channel . WUS design should allow low power receiver (e.g. correlation-based) and consider aspects including misdetection, false alarm rate, synchronization requirements, latency and coexistence with other NR channels and signals.
Proposal 5	DCI based mechanism facilitating reduced PDCCH monitoring/GTS should be supported. Such schemes should complement the Rel-15 MAC Command CE-based mechanism.
Proposal 6	UE assistance information should be infrequent, and preferably through higher layer signaling. In other cases, such assistance information should be provided only when configured by the NW.
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Annex A (Additional Evaluations for PDCCH decoding-based WUS)
[image: ] 
Figure 9. Probability of detection and false alarm of RNTI-based wakeup signal (i.e. DCI-based WUS with PDCCH decoder). The channel delay spread is 100e-9 seconds.


















Annex B (Additional Evaluations for Time-domain correlator detection of DCI vs Sequence-based WUS)
[image: ] 
Figure 11. Probability of Detection versus False Alarm at SNR equal to -6 dB. Channel delay spread is 100e-9 seconds.
 [image: ] 
Figure 12. Probability of detection versus false-alarm at SNR equal to -6 dB. Channel delay spread is 300e-9 seconds.
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Figure 13. Probability of Detection versus False Alarm at SNR equal to +4 dB. Channel delay spread is 100e-9 seconds.
[image: ]
Figure 10. Probability of detection versus false-alarm at SNR equal to +4 dB. Channel delay spread is 300e-9 seconds.
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