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Introduction
In [1], the following was concluded with regards to power saving signal/channel for UE adaptation:
The power saving signal/channel for UE adaptation includes the following signals/channels for further study
· Existing signal/channel based power saving signal/channel
· PDCCH channel
· TRS, CSI-RS type  RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  
· Network resource overhead  
· Resource and/or periodicity of power saving signal/channel
· Multiplexing capability
· Usage of resource
· Coexistence/multiplexing with existed signal/channel of Rel-15
· UE-specific, group-specific, cell-specific power saving signal/channel
· Detection performance
· Complexity
· Power consumption of the power saving signal/channel
In our previous contribution [2], we have already presented our views on the power saving signal (or wake-up signal) in the context of C-DRX. Thus, in the following, we discuss some intermediate study results, including further design considerations and evaluation results. Note that, our discussion in the following section mostly focuses on two WUS waveform candidates; PDCCH-based and CSI-RS-based signaling.
Trigger Signaling Scheme for UE Power Adaptation
PDCCH-based Wake Up Signaling
[bookmark: _Ref525734008]Design principles
In Figure 1, the workflow of PDCCH-based WUS (abbreviated as “PDCCH-WUS” hereafter) is illustrated. At first, UE wakes up from sleep (i.e., C-DRX off periods) and tries PDCCH-WUS decoding. When PDCCH-WUS is not decoded in the 1st wake-up (i.e., WUS occasion), the UE can go back to sleep immediately, skipping the 2nd stage wake-up (i.e., ON duration); otherwise, UE continues with the 2nd stage wake-up and to the ON duration for DL assignment and data reception.
It may sound counter-intuitive that PDCC-WUS can achieve power saving. If the ON duration can be configured to the same duration as the WUS occasion (e.g., 1 slot), the UE would perform the same workload of PDCCH decoding regardless of whether this is for WUS or for data scheduling. If the UE does not decode any PDCCH, the end result is the same, that is, the UE goes back to sleep, i.e., C-DRX off periods. One may ask, why would there be power saving with PDCC-WUS?
In reality, UE’s power consumption for ON duration and for WUS occasion can be very different, even if the signaling scheme for both is based on PDCCH. During WUS occasion, the UE does not expect to receive a same-slot grant for PDSCH or have to be ready to transmit PUCCH in response to PDSCH reception. Also, once the UE decodes PDCCH-WUS in the WUS occasion, there is a time offset to the ON duration. Therefore, during WUS occasion, a low power implementation can be achieved by optimizing, at least: (i) the PDCCH processing timeline, (ii) the amount of hardware that needs to be brought online, (iii) the operating point in terms of the voltage levels and clock frequencies of the hardware, and (iv) potentially the Rx bandwidth and the number of Rx antennas for PDCCH-WUS. Some aspects of the optimization are discussed more in detail in the Appendix and our companion paper [3]. Only when a PDCCH-WUS is decoded, the UE performs wake-up of additional hardware and processing (e.g., by performing BWP switching, CSI-RS processing, etc.) to get ready for potential DL/UL scheduling. This 2nd stage of wake-up consumes additional energy but can be skipped for empty C-DRX cycles.
[bookmark: _Toc528955105][bookmark: _Toc535009823]Observation 1: Two-stage wake-up is the key idea for PDCCH-based WUS to facilitate power saving.
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[bookmark: _Ref534718886]Figure 1: Two-stage wake-up timeline for PDCCH-based WUS
In our previous contribution [2], two strategies were considered for the introduction of PDCCH-WUS in NR. The first one is re-using and extending the BWP adaptation framework of Rel-15, and the second is designing a special-purpose PDCCH-WUS. Although the first strategy may help minimize specification work across RAN1 and RAN2, the second strategy may lead to further optimized design.
[bookmark: _Toc535009828][bookmark: _Toc528955113]Proposal 1: PDCCH can be studied as a candidate WUS waveform in Rel-16. Two strategies of introducing PDCCH-WUS in Rel-16 can be considered:
1) Enhancement of BWP adaptation framework of Rel-15
a. Special configuration for the starting BWP (or “wake-up BWP”) for C-DRX ON duration
b. Minimum k0/k2 threshold configuration for the starting BWP
2) Design of new dedicated PDCCH-WUS
a. UE-specific WUS occasion and offset configuration
b. PDCCH structure, CORESET/search space, BWP configuration specific for the WUS occasion
c. DCI fields for PDCCH-WUS that help UE prepare for the transition to C-DRX ON duration

[bookmark: _Ref534912991]Multiplexing of PDCCH-WUS
Resource sharing of the PDCCH-WUS with other signals, including other active UE’s physical channels/signals and other UE’s WUS, should be the first-order design topic of PDCCH-WUS in Rel-16. Leveraging the designs in Rel-15, we may mostly rely on the existing configuration parameters and well-defined multiplexing rules. For instance, a group of UEs may be configured with a specific C-DRX cycle/offset and WUS occasion that are distinct from other groups of UEs. Furthermore, among the UEs in the same group, each UE can be configured with a specific BWP, CORESET/search space, scrambling ID, RNTI, etc., to monitor and distinguish its own PDCCH-WUS from others.
Although the existing Rel-15 PDCCH framework may render enough flexibility for PDCCH-WUS resource configuration, there are some cases that requires special attention. For example;
· In a heavily loaded scenario, a large number of UEs may share the same WUS resources, such as a WUS occasion, BWP, and CORESET. Due to the high contention for the resources, some UE’s PDCCH-WUS may be blocked and the scheduling for the UE can be delayed to the later C-DRX cycles, which results in impaired latency and user-experience.
· In Rel-15, the first three symbols within a slot are predominantly used for control channels. If a WUS occasion for PDCCH-WUS shares the same resources as the control resources for other active UEs, it may worsen the control congestion in a heavily loaded scenario.
· In mmW systems with analog beamforming, TDM-based multiplexing of WUS resources may be preferred across spatially non-co-located UEs. Therefore, the number of UEs that can share the same WUS occasion may be limited, or, in other words, the network overhead for WUS resources may be exaggerated with a large number of UEs.
From the above argument, we may conclude that, for PDCCH-WUS configuration, further enhancement is needed on top of the Rel-15 PDCCH configuration. A potential enhancement is allowing the search space of PDCCH-WUS, i.e., the WUS occasion, to span any consecutive OFDM symbols of a slot, so that a WUS occasion can be separated from other WUS occasions or ordinary PDCCH search spaces of other UEs. An example of this configuration is shown in Figure 2. 



[bookmark: _Ref534800864]Figure 2: Configuration of WUS occasions
[bookmark: _Toc535009829]Proposal 2: Flexible time-domain location of a search space can be considered as a Rel-16 enhancement for PDCCH-WUS configuration.
We may further note that, based on the agreement in RAN1#91 (PDCCH monitoring Case 1-2), the flexible time location of a search space is already possible in Rel-15 (Section 10.1 in TS 38.213), at least for 15kHz numerology. Therefore, the additional specification effort could be marginal.

CSI-RS-based Wake Up Signaling
Design principles
In our companion paper [3], we propose the use of pre-wake-up (PWU) windows, during which UE can measure CSI-RS resources. PWU windows provides opportunities for UEs in the C-DRX mode to prepare for the upcoming ON duration. Therefore, the UE can less rely on SS/PBCH blocks, which requires additional wake-up during C-DRX off periods, and the power consumption can be reduced. 
In order to reconcile the concept of the PWU window with WUS, we first need to answer to a question: is the preparation stage needed for every ON duration? In our view, the answer is negative; if there is no imminent data for the UE in a C-DRX cycle, the corresponding ON duration is empty and the preparation stage may consume unnecessary UE power and network resources. Therefore, a potential enhancement of the PWU concept is to transmit CSI-RS only when it is needed, i.e., when the UE need to wake up for the next ON duration. Then the UE will first detect the presence of CSI-RS within the PWU window and decide whether to skip the next ON duration or not. Once the UE detects the presence of CSI-RS resources, it can use the same resources to warm-up for the upcoming ON duration. Notably, this naturally aligns with the concept of WUS and establishes the baseline of CSI-RS-based WUS (abbreviated as “CSI-RS-WUS” hereafter).
[bookmark: _Toc535009824]Observation 2: CSI-RS-type waveform can perform as both WUS and warming-up resources.
[bookmark: _Toc535009830]Proposal 3: CSI-RS can be studied as a candidate WUS waveform in Rel-16.

Multiplexing of CSI-RS-WUS
As for resource sharing of CSI-RS-WUS, we can repeat the same discussion as PDCCH-WUS in Section 2.1.2. Basically, Rel-15 already offers a rich platform of CSI-RS configuration and it can be reused for CSI-RS-WUS. 

Need for Beam Sweeping Wake Up Signal in FR2
In our previous contribution [2], we pointed out that the link quality degradation during C-DRX off periods can be more desperate in FR2 due to beam deviation. There can be many causes of beam deviation, such as UE rotation, UE mobility or beam blocking, etc. During the active time, the beam deviation can be compensated by a beam management process. That is, as a part of the beam management process, the UE can persistently measure the quality of beam paired links, e.g., using SSBs and CSI-RS, and report it to the gNB. As a response, gNB can re-assign or switch beams for the UE. However, due to lack of active beam management during C-DRX off periods, the link quality may decay severely. The direct result of this is the poor detection performance of WUS, which has a critical impact on the WUS scheme.
To combat the beam degradation issue, beam sweeping for WUS can be considered for improved beam diversity. The gNB and UE can be coordinated to use a specific set of WUS resources associated with different beams and, if the UE detect the WUS on at least one of the resources, the UE can wake up.
[bookmark: _Toc535009831]Proposal 4: At least in FR2, beam-sweeping can be applied for WUS transmission.
Note that beam-sweeping is not limited to a specific WUS waveform but can be fitted with both PDCCH-WUS and CSI-RS-WUS. In fact, based on Rel-15 configuration framework, CSI-RS-WUS is more beam-sweeping-friendly, as beam-sweeping is already a part of CSI-RS-based beam management. Thus, considering the required specification effort, CSI-RS-WUS may be suitable for FR2.
[bookmark: _Toc535009825]Observation 3: For FR2, CSI-RS-WUS with beam-sweeping may be more well-suited than PDCCH-WUS.
However, even with all additional specification efforts, PDCCH-WUS has advantages over CSI-RS-WUS, such as high detection reliability (with the help of CRC) and a capability of large payload delivery. Therefore, PDCCH-WUS should not be scoped out for FR2 WUS design.

Link-level performance of beam-swept wake-up signals
Simulation scenario
In this section, we investigate the link-level performance of WUS in FR2, both for PDCCH-WUS and CSI-RS-WUS. Note that, in FR1 without WUS beam-sweeping, the link-level performance would follow existing PDCCH and CSI-RS, and there have been many previous results presented during Rel-15 standardization. Thus, we focus on the evaluation of the new feature in FR2, WUS with beam sweeping.
The goal is to quantify the relationship between the WUS misdetection probability and the beam deviation during a C-DRX off period. In order to model the spatial/angular-domain channel variation, we assume that the UE’s orientation changes at a constant rate, e.g., 180 degrees per second. The channel variation model is illustrated in Figure 3. Initially, the UE has a uniformly random bearing angle, while the downtilt and slant angles are fixed to zero, and a set of  best beam pairs in terms of L1 RSRP is found. Then, the UE goes to sleep during a certain length of C-DRX off period and wakes up to detect WUS. For simplicity, we further assume that the length of C-DRX off period is equal to the length of the C-DRX cycle (i.e., the length of ON duration and WUS occasion is ignored), and there is no additional (e.g., SSB-based) beam refinement during the C-DRX off period. Therefore, the total angular deviation of the channel is determined as

where  is length of the C-DRX cycle in seconds.



[bookmark: _Ref534707967]Figure 3: Beam deviation during C-DRX operation

Simulation parameters
As captured in [1], the link-level simulation parameters specified in Table A1.5-1 in TR38.802 are assumed. Additional information for PDCCH-WUS configuration are shown in the following table.
	Setting (PDCCH-WUS)
	Configuration

	PDCCH payload size
	48 bits (including CRC)

	CORESET size
	48 RBs & 1 symbol

	CCE aggregation level
	1, 8

	CCE-to-REG mapping
	Non-interleaved


For CSI-RS-WUS, the configuration in the following table is assumed.
	Setting (CSI-RS-WUS)
	Configuration

	Number of ports
	1

	Density
	3 REs/RB/port

	Bandwidth
	48 RBs

	Power boosting
	3dB

	False-alarm probability
	1%, 10%


Also, the antenna array and analog-beamforming-related parameters are listed in the following table.
	Setting (FR2)
	Configuration

	Carrier frequency
	30GHz

	Channel model
	CDL-C with delay scaling value of 300ns

	gNB antenna array
	{M, N, P} = {64, 4, 2}, single panel

	gNB analog BF codebook
	2D DFT codebook with 256 beams (64 [azimuth] * 4 [elevation])

	UE antenna array
	{M, N, P} = {4, 2, 2}, two panels

	UE rotation
	180° per second



Evaluation results for PDCCH-WUS
In Figure 4 and Figure 5, the misdetection performance of PDCCH-WUS is presented for SINR values of 3dB and -6dB, respectively. Although a deeper study is needed to answer the question of “what is the reasonable target misdetection probability?”, we can observe that beam-sweeping is quite an effective solution to improve the misdetection performance. For example, in Figure 4 (SINR=3dB), with AL=8, using 3 or more beams to seep for PDCCH-WUS can drop the misdetection probability below 0.1%, for up to 160ms C-DRX cycle. However, for a longer C-DRX cycle, such as 320ms, the performance doesn’t look acceptable for most of the cases. In Figure 5 (SINR=-6dB), the baseline performance (w/o beam deviation) is already too low. Thus, at a very low SINR regime, despite additional efforts and resource requirements for adopting PDCCH-WUS, only marginal return would be expected. In such a case, the UE may select to operate in a fall-back C-DRX mode (Rel-15 C-DRX operation).

[bookmark: _Ref534918308][bookmark: _Ref534918302]Figure 4: PDCCH-WUS misdetection probability at SINR=3dB

[bookmark: _Ref534918310]Figure 5: PDCCH-WUS misdetection probability at SINR=-6dB

Evaluation results for PDCCH-WUS
In Figure 6 and Figure 7, the misdetection performance of CSI-RS-WUS is presented for SINR values of 3dB and -6dB, respectively. Unlike PDCCH-WUS, whose false-alarm (FA) probability is determined by the length of CRC bits, the FA probability of CSI-RS-WUS is a design factor of the detection scheme. In general, too small values for FA probability is not desirable, because it can increase the misdetection probability. However, too large values for FA probability is also not desirable because frequent FA wake-up can also incur a power penalty. In our evaluation, we assumed 1% and 10% FA.
From the results for CSI-RS-WUS, we can observe a similar trend to the case of PDCCH-WUS. A quick conclusion from the observation is that beam-sweeping is very effective to lower the misdetection probability. At this time, it still seems too premature to conclude which WUS-waveform, either PDCCH-WUS or CSI-RS-WUS, is better; further follow-up studies should be encouraged.


[bookmark: _Ref534921151][bookmark: _GoBack]Figure 6: CSI-RS-WUS misdetection probability at SINR=3dB

[bookmark: _Ref534921154]Figure 7: CSI-RS-WUS misdetection probability at SINR=-6dB

Signaling to Trigger Power Saving during Active Time
In our companion paper [3], we show our views on power saving schemes for connected mode UEs operating in the active time. A power saving technique during the active time may be triggered implicitly by an event, or explicitly by a power saving signal. In general, a triggering scheme is tightly coupled with a specific power saving technique and thus they cannot be discussed separately. Also, due to the wide variety of power saving techniques in the application scenarios, requirements, and benefits, it would not be possible to have a unified trigger signaling in all cases. For example, for some time-domain power adaptation techniques, PDCCH-based trigger signaling may be the best option because the UE would keep monitoring control channels somehow during the active time. In some other cases, the power would be adapted in semi-static manner based on UE assistance information, via RRC or MAC-CE signaling.
[bookmark: _Toc535009826]Observation 4: Discussion on signaling that triggers a power adaptation technique should be coupled with the discussion on the power adaptation technique. A unified signaling scheme may be undesirable.

Incremental Power Saving for Other WUS Schemes
If PDCCH-WUS or CSI-RS-based WUS can already deliver two-third reduction in awake energy compared to normalized (i.e. 1-slot) of ON duration (see discussion of this assumption in [4]), how much incentive/benefit is there to consider other WUS schemes, e.g. sequence-based, which may be able to deliver 90% awake energy reduction?
We have a preliminary analysis as follows. Let’s evaluate the impact on C-DRX average power for the case of 80 msec C-DRX cycle. And we assume empty C-DRX use case contributes to 10% of overall DoU.
Let’s assume chipset sleep current is 1 unit (similar to deep sleep).
	
	Baseline
	PDCCH/CSI-based WUR 
	Other WUR 

	Awake energy
	170 
	57 (33% of baseline)
	17 (10% of baseline)

	Average “empty” CDRX power
	3.1
	1.7  (55% of baseline)
	1.2 (39% of baseline)

	DoU contribution
	10%
	5.7%
	4.2%


As one can see, the improvement in terms of DoU contribution is reduction from 5.7% to 4.2%.
Even if WUR awake energy can be optimized to zero, average CDRX power would be floored at 1 (sleep current), DoU contribution still hovers at 3.4%.
[bookmark: _Toc535009827]Observation 5: If PDCCH-based or CSI-RS-based WUS can deliver significant awake energy reduction compared to normalized baseline of ON duration, the gain for further overall DoU power saving may diminish even if another WUS scheme can achieve much lower awake energy.

Conclusion
The following observations and proposals have been made:
Observation 1: Two-stage wake-up is the key idea for PDCCH-based WUS to facilitate power saving.
Observation 2: CSI-RS-type waveform can perform as both WUS and warming-up resources.
Observation 3: For FR2, CSI-RS-WUS with beam-sweeping may be more well-suited than PDCCH-WUS.
Observation 4: Discussion on signaling that triggers a power adaptation technique should be coupled with the discussion on the power adaptation technique. A unified signaling scheme may be undesirable.
Observation 5: If PDCCH-based or CSI-RS-based WUS can deliver significant awake energy reduction compared to normalized baseline of ON duration, the gain for further overall DoU power saving may diminish even if another WUS scheme can achieve much lower awake energy.

Proposal 1: PDCCH can be studied as a candidate WUS waveform in Rel-16. Two strategies of introducing PDCCH-WUS in Rel-16 can be considered:
Proposal 2: Flexible time-domain location of a search space can be considered as a Rel-16 enhancement for PDCCH-WUS configuration.
Proposal 3: CSI-RS can be studied as a candidate WUS waveform in Rel-16.
Proposal 4: At least in FR2, beam-sweeping can be applied for WUS transmission.
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Appendix
[bookmark: _Ref525733951]Low Power C-DRX Wake-Up with BWP adaptation for Rel-15
In Section 2.1.1, the two-stage wake-up concept for C-DRX power saving is discussed. The wake-up signal can be based on PDCCH but designing a special-purpose PDCCH-WUS channel still requires significant specification work across RAN1 and RAN2. For RAN2, DRX enhancements including WUS occasion and WUS offset have to be introduced. It is worth exploring if there is a simpler way to achieve the same design goals.
Alternatively, the BWP adaptation framework in Rel-15 already supports many of the design aspects for PDCCH-WUS. First, we should point out the functional equivalence between the two concepts:
	WUS occasion
PDCCH-WUS detection
WUS offset
	↔
↔
↔
	ON duration
Scheduling DCI detection
minimum k0 and k2



	[image: ]
	[image: ]



The WUS occasion can be just a very short C-DRX ON duration. The WUS offset basically guarantees that the earliest scheduled PDSCH would be WUS offset after the WUS occasion; This can be achieved with minimum k0 playing the role of the WUS offset.
One main benefit of using the BWP adaptation framework to achieve wake-up signaling functionality is to have a consistent methodology for UE power saving between Rel-15 and Rel-16, which is centered around BWP. On the other hand, some enhancements in Rel-16 would definitely be beneficial. First, let’s recap on low-power C-DRX wake-up support with BWP in Rel-15.
At least two BWPs should be configured and BWP adaptation should be enabled:
[image: ]
It is desirable for UE to wake-up first on BWP1 (i.e. low power BWP) when it first enters the ON duration. The ON duration should be configured to be short (e.g. one slot to minimize power consumption), and when UE is monitoring PDCCH during the ON duration, the k0 that can be used to schedule PDSCH must be large, e.g. k0>=4. In Rel-15, this can be guaranteed by ensuring all the schedulable k0 values are greater than some threshold. For example, with the following Pdsch-TimeDomainAllocationList in PDSCH-Config configurations:
· BWP1 (“Table 1”): (1) k0=4
· BWP2 (“Table 2”): (1) k0=4, (2) k0=0
Similarly a k2 threshold can be guaranteed by configuring Pusch-TimeDomainAllocationList in PUSCH-Config as follows:
· BWP1: k2={4}; BWP2: k2={4,2}
Note that the number of bits for the time-domain RA field for DCI format 1_1 or 0_1 is determined based on the number of entries in the respective Pdsch-TimeDomainAllocationList or Pusch-TimeDomainAllocationList. For the above example configuration, BWP1 would have zero bit for the field in DCI format 1_1, and BWP2 would have 1-bit for the field (to select between two entries in “Table 2”).
BWP operation
During C-DRX operation, the UE typically wakes up in BWP1 as it enters the ON duration. In Rel-15, DRX and BWP operation is decoupled, so there is no special designation for which BWP the UE should start with for ON duration, and the previously active BWP before UE goes into DRX is assumed. If BWP1 is configured as the default BWP, it is very likely that the UE also goes into the ON duration with the default BWP as the active BWP because it is likely that BWP inactivity timer expires before the DRX inactivity timer expires in the previous cycle.
When BWP1 starts as the active BWP during the ON duration, UE can be scheduled with PDSCH or PUSCH, but both with k0 and k2 greater than certain threshold according to Pdsch-TimeDomainAllocationList and Pusch-TimeDomainAllocationList. In this situation, UE may be scheduled a DL assignment that also triggers BWP switch from BWP1 to BWP2, but the schedulable k0 entry for the BWP transition is limited by the time domain RA field bit-width of the current BWP, which is 0-bit for BWP1. As a result, only the first row in time domain RA field of BWP2 is schedulable and a large k0 can be configured for that row to ensure large minimum k0 value. Effectively, the UE is guaranteed cross-slot scheduling with a large delay.
In effect, the PDCCH monitored during the ON duration is functioning as a wake-up signal, because UE is expected to deal with the processing capability required for PDCCH decoding only, and not having to deal with PDSCH or PUSCH processing at least until after some guaranteed delay. If PDCCH is not detected during the ON duration, UE returns to DRX, similar to the behavior for a UE not detecting a WUS.
If there is data to be served to the UE for the DRX cycle, gNB should issue a DL assignment which also triggers BWP switch to BWP2 during the ON duration, as illustrated below. The indicated k0 value would be large enough to accommodate BWP switching latency; Moreover, all the schedulable k0 would be larger than some threshold such that UE can operate with PDCCH-only processing mode for optimized power consumption. When UE decodes the DL assignment, it has k0-slot time to perform 2nd stage wake-up to prepare for PDSCH reception and/or UL transmission. 
[image: ]
The data for the UE can be served on BWP2. When there is no more data to be served, BWP timer would eventually expire due to scheduling inactivity, and the active BWP falls back to BWP1 (which is configured to be the default BWP). If data arrives at the network during this time, it can be scheduled to the UE with a DL assignment that switches back to BWP2 and also restarts the BWP timer as well as the DRX inactivity timer. If there is no more data scheduled for the UE, eventually, the DRX inactivity timer would expire and the UE would return to DRX.
Summary of configurations
In summary, the following configuration is required to operate low power wake-up with BWP adaptation:
· DRX configuration
· Short ON duration, e.g. 1 slot
· DRX inactivity timer > BWP inactivity timer
· BWP configuration
· BWP1: Low power BWP
· Configured as the default BWP for BWP timer fallback
· All entries in pdsch-TimeDomainAllocationList in PDSCH-Config should have k0=N or larger; Similarly for k2 in pusch-TimeDomainAllocationList. N is the minimum scheduling delay.
· The table can have S1 entries
· S1 < S2 (S2 is the number of entries in the table configured for BWP2)
· BWP2: High power BWP
· Entries in pdsch-TimeDomainAllocationList in PDSCH-Config with index j < S should contain k0=N or larger; Similarly for k2 in pusch-TimeDomainAllocationList
· K0<N (e.g. k0=0) is allowed, but only in entries with an index j >= S
· i.e. outside of addressable range when transitioned from BWP1
Benefits
· Can be realized with Rel-15 BWP support (no spec impact)
· Can be enabled based on NW configuration and NW/UE implementation
· Unified with BWP adaptation which is the main UE power saving feature for Rel-15
Drawbacks
· Configuration can be complicated; Not straight-forward to apply
· Data assignment is required to keep UE awake
· This is normal C-DRX behavior, but since ON duration is very short (for power saving), this may limit gNB’s scheduling flexibility initially
· Compared to a special-purpose WUS which is not a data assignment in itself

3dB SINR

1beam, AL 1	0	40	160	320	0.1116	0.13408209000094501	0.71922626994855199	1	3beam, AL 1	0	40	160	320	0.1116	0.11523268387327899	0.36393879343337698	0.98509846635647103	5beam, AL 1	0	40	160	320	0.1116	0.11407799050248001	0.26249935607636199	0.96304256093553997	7beam, AL 1	0	40	160	320	0.1116	0.11369690016228801	0.204537435130837	0.91643950259450602	9beam, AL 1	0	40	160	320	0.1116	0.113355716347257	0.18246994974709699	0.88720774940661296	11beam, AL 1	0	40	160	320	0.1116	0.113355716347257	0.17447055446259099	0.823295592457021	13beam, AL 1	0	40	160	320	0.1116	0.11331881194462	0.160040575288044	0.75221156577070403	1beam, AL 8	0	40	160	320	0	5.7431993649999996E-6	1.3196489660837999E-2	1	3beam, AL 8	0	40	160	320	0	9.1422665299999998E-7	1.84429949576E-4	0.38019701773543702	5beam, AL 8	0	40	160	320	0	6.0698430700000001E-7	1.09996419625E-4	0.241436063427938	7beam, AL 8	0	40	160	320	0	5.0856797499999997E-7	0	0.12622963617378199	9beam, AL 8	0	40	160	320	0	4.2186901599999998E-7	0	8.7431632320197003E-2	11beam, AL 8	0	40	160	320	0	4.2186901599999998E-7	0	3.9278414193171997E-2	13beam, AL 8	0	40	160	320	0	4.1257470899999998E-7	0	1.9010950868670998E-2	DRX cycle [ms]


Misdetection probability




-6dB SINR

1beam, AL 1	0	40	160	320	0.85219999999999996	0.88170501510973498	1	1	3beam, AL 1	0	40	160	320	0.85219999999999996	0.85729806703344202	0.98786898654424504	1	5beam, AL 1	0	40	160	320	0.85219999999999996	0.85569294566578402	0.96785600748617096	1	7beam, AL 1	0	40	160	320	0.85219999999999996	0.85516010097855499	0.94536553675522805	1	9beam, AL 1	0	40	160	320	0.85219999999999996	0.85468173350788401	0.93056506956416496	1	11beam, AL 1	0	40	160	320	0.85219999999999996	0.85468173350788401	0.92396734605278996	1	13beam, AL 1	0	40	160	320	0.85219999999999996	0.85462991537033905	0.91044351371358101	1	1beam, AL 8	0	40	160	320	5.5599999999999997E-2	8.1493030503648006E-2	1	1	3beam, AL 8	0	40	160	320	5.5599999999999997E-2	5.9378974724413003E-2	0.40961972792666601	1	5beam, AL 8	0	40	160	320	5.5599999999999997E-2	5.8157855859919998E-2	0.262562611800226	1	7beam, AL 8	0	40	160	320	5.5599999999999997E-2	5.7758833722368001E-2	0.18440387301509101	1	9beam, AL 8	0	40	160	320	5.5599999999999997E-2	5.7403307295041998E-2	0.15112845516797599	1	11beam, AL 8	0	40	160	320	5.5599999999999997E-2	5.7403307295041998E-2	0.138835894670817	1	13beam, AL 8	0	40	160	320	5.5599999999999997E-2	5.7364949147900003E-2	0.11709431538578401	1	DRX cycle [ms]


Misdetection probability




3dB SINR

1beam, 1% FA	0	40	160	320	0	0	0.28681504751812897	1	3beams, 1% FA	0	40	160	320	0	0	6.6793222536729998E-3	0.886950485701826	5beams, 1% FA	0	40	160	320	0	6.6895982375103396E-6	7.2876730303526502E-4	0.82368979732829295	7beams, 1% FA	0	40	160	320	0	5.7521361194141498E-6	1.35397821960507E-4	0.71350683802357595	9beams, 1% FA	0	40	160	320	0	4.8856064653320203E-6	4.75737113208273E-5	0.64973125046158497	11beams, 1% FA	0	40	160	320	0	4.8856064653320203E-6	3.1347566260362802E-5	0.50003211802214897	13beams, 1% FA	0	40	160	320	0	4.7903133094250797E-6	1.97385798921126E-5	0.34468326265709598	1beam, 10% FA	0	40	160	320	0	0	7.6663124570008997E-2	1	3beams, 10% FA	0	40	160	320	0	0	6.1564248786800003E-4	0.59359530109910397	5beams, 10% FA	0	40	160	320	0	0	4.1452760729956E-5	0.48940167189815598	7beams, 10% FA	0	40	160	320	0	0	9.9400278840399999E-6	0.35577835003358799	9beams, 10% FA	0	40	160	320	0	0	1.25068590038258E-5	0.29538483500812601	11beams, 10% FA	0	40	160	320	0	0	1.09068110494456E-5	0.18440278504791399	13beams, 10% FA	0	40	160	320	0	0	0	0.101237261478243	DRX cycle [ms]


Misdetection Probability




-6dB SINR

1beam, 1% FA	0	40	160	320	0.57050999999999996	0.63765686658231002	1	1	3beams, 1% FA	0	40	160	320	0.57050999999999996	0.58250491281155803	0.89578066833919201	1	5beams, 1% FA	0	40	160	320	0.57050999999999996	0.578750262582991	0.83650079650914	1	7beams, 1% FA	0	40	160	320	0.57050999999999996	0.57749949694892899	0.77967917378546503	1	9beams, 1% FA	0	40	160	320	0.57050999999999996	0.57637472059805495	0.74520312919544596	1	11beams, 1% FA	0	40	160	320	0.57050999999999996	0.57637472059805495	0.73027829291130097	1	13beams, 1% FA	0	40	160	320	0.57050999999999996	0.57625277350755	0.700316437160864	1	1beam, 10% FA	0	40	160	320	0.23205000000000001	0.28497032660327098	1	1	3beams, 10% FA	0	40	160	320	0.23205000000000001	0.24091855532988701	0.61073250523303502	1	5beams, 10% FA	0	40	160	320	0.23205000000000001	0.23811638942303201	0.50834960918740302	1	7beams, 10% FA	0	40	160	320	0.23205000000000001	0.23718823193587099	0.430500757178785	1	9beams, 10% FA	0	40	160	320	0.23205000000000001	0.23635582519842599	0.38979118973753801	1	11beams, 10% FA	0	40	160	320	0.23205000000000001	0.23635582519842599	0.37340113810294001	1	13beams, 10% FA	0	40	160	320	0.23205000000000001	0.23626570476435099	0.34246992714434299	1	DRX cycle [ms]


Misdetection Probability
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