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Introduction
In RAN1#95, some agreements were achieved for triggering schemes and the related power saving signal/channel [1], e.g.
	Agreements:
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



This contribution focuses on triggering schemes for UE time domain processing including DRX operation, reducing PDCCH monitoring and cross-slot scheduling.
[bookmark: _Ref494215420]
DRX operation
As mentioned in some companies’ contributions, e.g. [2], R15 NR DRX is well defined for traffic adaptation, such as timers and MAC CE commands. It was reported in [3] that some DRX on-durations do not contain any grant PDCCH in some scenarios. DRX on-duration containing no grant PDCCH can be regarded as “empty” DRX on-duration, which is an extreme case of “PDCCH-only”. In this case, power is significantly consumed.
It was identified that power saving signal/channel can be used to trigger UE adaptation to DRX operation:
	Agreements:
· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.
· Other schemes are not precluded


In our view, wakeup signal/channel can be used for DRX operation.

Miss detection and false alarm
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Miss detection rate is important for wakeup signal/channel, since miss detection will lead to miss grants within a time interval. Instead, false alarm of wakeup signal/channel will only lead to reduction of power saving gain.
Observation 1: Miss detection rate is important for wakeup signal/channel.

Options to cope with miss detection issue
There are at least three options to cope with miss detection issue:
· Option-1: Reducing miss detection rate of one-shot detection of wakeup signal/channel.
· Option-2: Wakeup signal/channel is repeated in time domain.
· Option-3: wakeup signal/channel is always present and there is at least 1 bit to indicate positive or negative.
For Option-1, like LTE NB-IoT, one-shot detection of wakeup signal/channel can be achieved by enlarging duration of wakeup signal/channel, and UE can early terminate the detection if wakeup signal/channel is detected successfully. It should be noted that power boosting may not be assumed due to total power limitation at gNB.
For Option-2, wakeup signal/channel can be repeated in DRX on-duration to overcome the deep fading of channel before or at the beginning of DRX on-duration. UE should be able to perform soft combining for multiple occasions of wakeup signal/channel.
For Option-3, “miss detection” of wakeup indication is indeed the false alarm of decoding of wakeup indication, which can be maintained in low rate. Its overhead will be higher than that of wakeup signal/channel present only for triggering.
In general, overhead of wakeup signal/channel will be increased. It can be observed that low miss detection rate and large overhead is a tradeoff.
Observation 2: For wakeup signal/channel, low miss detection rate and large overhead is a tradeoff.

Relationship between miss detection and RLF
RLF is related to miss detection of a given type of PDCCH at 10-2 BLER. RLF will be declared only after out-of-sync is accumulated to some degree, and in duration of accumulation wakeup signal/channel may be missed already. In addition, reporting of “RLF” of wakeup signal/channel will not cause “ping-pong” issue of early reporting of RLF in RLM. Hence, reporting of “RLF” for wakeup signal/channel can be more easily triggered compared with reporting of RLF in RLM. With this assumption, miss grant due to miss detection of wakeup signal/channel may be reduced.
Observation 3: Miss grant due to miss detection of wakeup signal/channel may be reduced by relaxing condition of reporting of “RLF” for wakeup signal/channel.

UE specific or group specific or cell specific
In general, gNB may have to configure a group of UEs with the same “DRX cycle parameters” (including DRX cycle period/offset etc.) in some scenarios, e.g.
· The number of UE in connected mode is too large to allocate UEs with different DRX cycle parameters.
· The group of UEs may be configured with the same beam or TRP transmission, and they are configured with the same CSI-RS for beam management or T/F tracking, and thus it is better for gNB to configure them with the same DRX cycle parameters where beam management or T/F tracking can be performed by the UEs with respect to on-duration.
In these scenarios, DRX configuration can be regarded as group specific also. However, traffic characteristics of UEs may be different in these scenarios, so it is better for gNB to trigger UE adaptation for DRX operation in UE specific manner.
Observation 4: It is better for gNB to trigger UE adaptation for DRX operation in UE specific manner.

MAC CE or RRC as wakeup channel
If MAC CE is used as wakeup channel, UE should monitor scheduling PDCCH before decoding MAC CE. In general view, UE has entered into non-sleeping states once it begins to monitoring scheduling PDCCH. In this sense, it is questionable whether MAC CE can be used as wakeup channel. It is true for RRC as well.

L1 channel as wakeup channel
Configuration of L1 channel as wakeup channel
L1 channel as wakeup channel can be semi-statically configured, e.g. along with DRX cycle, due to the following reasons:
· Since L1 channel is not so reliable, the effective time of L1 channel as wakeup channel should be limited. So, semi-statically configuration should be used outside the effective time of L1 channel as wakeup channel.  
· Dynamic configuration of L1 channel is not suitable, since it will cause critical chain impact of miss detection of dynamic configuration.

RS assistance for re-sync
If L1 channel is used as wakeup channel, UE may mainly rely on SSB or P-TRS for T/F tracking. In this case, UE may have to re-sync before DRX on-duration. It was also identified in RAN1#95 agreement “RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking”. Indeed, this issue had been discussed in TRS topic in R15 NR. The conclusion in RAN1#90bis was made that it is left to gNB implementation.
	Conclusion:
Periodic SS burst and periodic TRS burst can be arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON
No further specification impact may be necessary



In fact, the sync issue is not solved and then aperiodic TRS was introduced to mitigate the sync issue. In our view, it also causes issue of UE power consumption.
When the last occasion of SSB or periodic TRS before DRX on-duration is far away from the beginning of DRX on-duration, UE should stay in micro-sleep state until DRX on-duration starts. In power modeling, micro-sleep was defined as:
· Immediate transition is assumed for power saving study purpose from or to a non-sleep state.
Transition time between micro-sleep to PDCCH monitoring can be zero. To achieve zero transition time, UE should maintain the sync to network in micro-sleep state, since there is no SSB or P-TRS between the last occasion of SSB or P-TRS and the beginning of DRX on-duration. Hence, in our view, UE should stay in micro-sleep state after re-sync, which is power consumed.
Observation 5: If L1 channel is used as wakeup channel, UE should stay in micro-sleep state after re-sync, which is power consumed.

The following figure shows power consumption related to the re-sync procedure with micro-sleep.

Figure 1: Power consumption related to the re-sync procedure with micro-sleep
From above figure, it can be observed that the power consumption related to the pre-wake-up procedure could be: 
450+100+40*N_sleep, for deep sleep
100+100+40*N_sleep, for light sleep
where N_sleep is the slots number in micro-sleep state.
Observation 6: UE power consumption in re-sync procedure mainly depends on the slots number in micro-sleep state.

One straightforward way to reduce micro-sleep time after re-sync is to plan SSB or P-TRS close to the beginning of DRX on-duration. However, SSB is cell specific and P-TRS is group common, while DRX configuration is UE specific. For instance, {periodicity, offset} of DRX cycle of UE 1 is {40ms, 10ms}, and {periodicity, offset} of DRX cycle of UE 2 is {40ms, 20ms}, and SSB periodicity is 20ms, in this case, SSB is always close to DRX on-duration of UE 1, and far away from DRX on-duration of UE 2. 
If P-TRS is applied in example mention above, {periodicity, offset} of P-TRS of UE 1 can be {40ms, 5ms}, and {periodicity, offset} of P-TRS of UE 2 can be {40ms, 15ms}, and thereby P-TRS can be equally close to DRX on-duration of UE 1 and UE 2. However, per-UE configuration of P-TRS will cause large overhead of network resource. This issue will be worse for multi beam deployment, since P-TRS may be different for different beam.
Therefore, in our view, RS assistance for re-sync may not efficient to solve re-sync issue with current SSB and TRS.
Observation 7: RS assistance for re-sync may not efficient to solve re-sync issue with current SSB and TRS.

Alternatives of L1 channel as wakeup channel
The alternatives of L1 channel as wakeup channel are listed in the following table.
Table 1: Comparison of alternatives of L1 channel as wakeup channel
	
	GC-PDCCH
	Scheduling PDCCH
	Dedicated PDCCH

	Resource overhead
	Depends on AL
	Depends on AL
	Depends on AL

	Coexistence/multiplexing with existing signal/channel
	Good
	Good
	Good

	UE-specific, group-specific, cell specific
	Group common
	UE-specific
	UE-specific

	Miss detection

	Low miss detection rate due to larger AL than scheduling PDCCH
	High miss detection rate in general, e.g. 10-2 (See Appendix A.1)
	Low miss detection rate due to very small DCI size

	False alarm 
	Guaranteed by CRC
	Guaranteed by CRC
	Guaranteed by CRC

	Complexity
	High if polar decoding
	High if polar decoding
	High if polar decoding, and low if correlation

	Power consumption
	BD/CCE may be reduced due to fixed AL and not mixed with other DCI format;
About 70 unit in power consumption model
	No additional power consumption since UE should perform scheduling PDCCH even if no wakeup channel
	BD/CCE may be reduced due to fixed AL and not mixed with other DCI format;
About 70 unit in power consumption model



As mentioned above, it is better wakeup signal/channel is UE specific, so in our view GC-PDCCH may not be suitable as wakeup channel.
Reliability of scheduling PDCCH is only about 10-2. But with DCI size reduction, reliability is raised. In our preliminary link level simulation, that BLER of dedicated PDCCH with 3 bits DCI size can be reduced to 10-3, and with the same simulation assumption BLER of PDCCH with 30 bits DCI size is 10-2. It should be noted that PDCCH always contains 24 bits CRC which cause large number of total bits and limit the decreasing of BLER.
Therefore, PDCCH dedicated for wakeup triggering with small DCI size can be starting point to introduce L1 channel as wakeup signal.
Observation 8: PDCCH dedicated for wakeup triggering with small DCI size can be starting point to introduce L1 channel as wakeup signal.

L1 signal as wakeup signal

Configuration of L1 signal as wakeup signal
Similar to L1 channel as wakeup channel, L1 signal as wakeup signal can be semi-statically configured, e.g. along with DRX cycle. 

Used for re-sync
If L1 signal is used as wakeup signal, the re-sync issue for L1 channel can be alleviated. UE can rely on wakeup signal before or at the beginning of DRX on-duration for T/F tracking and even beam tracking.
Observation 9: If L1 signal is used as wakeup signal, UE may not stay long time for re-sync.

Alternatives of L1 signal as wakeup signal
The alternatives of L1 channel as wakeup channel are listed in the following table.
Table 2: Comparison of alternatives of L1 channel as wakeup channel
	
	Common DMRS*
	CSI-RS type RS
	SSS-like RS
	NB-IoT-WUS-like RS

	Resource overhead
	Configurable
	Configurable
	12 PRBs (PSS/SSS)
	Related to slot number and PRB number

	Coexistence/multiplexing with existing signal/channel
	Using RMR
	Using RMR
	Using RMR
	Using resource allocation or RMR

	UE-specific, group-specific, cell specific
	Group common, or cell specific
	Group common, or cell specific;
Can be revised to UE-specific**
	Cell specific;
Can be revised to UE-specific**
	Group common;
Can be UE-specific with FDM/TDM/CDM**

	Miss detection

	High miss detection rate if large frequency drift is present, due to non-continuous signal in frequency domain
	High miss detection rate if large frequency drift is present, due to non-continuous signal in frequency domain
	Low miss detection rate even if large frequency drift is present
	Low miss detection rate even if large frequency drift is present

	False alarm
	No CRC protection
	No CRC protection
	No CRC protection
	No CRC protection

	Complexity
	Correlation in frequency domain
	Correlation in frequency domain
	Correlation in time domain
	Correlation in time domain

	Power consumption
	Depends on configured BW
	Depends on configured BW
	Slightly higher due to frequency offset estimation
	Slightly higher due to frequency offset estimation


* Note: Wideband-RS of PDCCH or PBCH-DMRS can be used as RS for blind detection, since it is assumed that a common precoder is applied to DMRS. Non-wideband-RS of PDCCH is not suitable for blind detection, since precoder cycling may be applied in it.
** Note: For CDM, due to overhead and sequence design complexity, sub-grouping ID could be used instead of C-RNTI.
[bookmark: _GoBack]
Common DRS is not UE specific and it cannot contain UE ID due to common usage. CSI-RS and SSS-like signal are not UE specific. If introducing UE ID in sequence of CSI-RS or SSS-like signal, they could be re-designed. 
Regarding miss detection rate, if wakeup signal contains very limited “payload”, e.g. just 1 bit meaning triggering or not, then miss detection rate could be comparable to wakeup channel, e.g. PDCCH, in some cases. It should be noted that PDCCH always contains 24 bits CRC which cause large number of total bits and limit the decreasing of BLER. Of course, how or whether to carry UE ID in wakeup signal is a question. In our view, to reduce miss detection rate, multiplexing of UEs for a shared wakeup signal can be FDM or TDM, where overhead is sacrificed for lower miss detection rate. Even for CDM, resource overhead can be large enough for better multiplexing of UEs. For CDM, C-RNTI is not necessary as UE ID, instead, sub-grouping ID with smaller bit number can be used.
In [4], miss detection of CSI-RS based wakeup signal are achieved from simulation, which can be 1% in SNR -6dB. In [5], miss detection of wakeup signal is shown to be reliable. If wakeup signal contains just 1 bit, miss detection rate could be like that of PSS detection, which can be regarded as containing 3 codepoints. In general, required SNR of PSS detection may be lower than RLF threshold, so in our view, its reliability is comparable to wakeup channel, e.g. PDCCH.
Therefore, new design of signal with small bit payload can be starting point to introduce L1 signal as wakeup signal.
Observation 10: New design of signal with small bit payload can be starting point to introduce L1 signal as wakeup signal.

Reducing PDCCH monitoring
It was identified that power saving signal/channel can be used to trigger UE adaptation to achieve reducing PDCCH monitoring:
	Agreements:
· The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH  monitoring for further study  is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.
· Other schemes are not precluded


In our view, go-to-sleep signal/channel can be used for reducing PDCCH monitoring. 
It should be noted that go-to-sleep with MAC-CE is already supported as DRX command in R15 NR, so we will not discuss go-to-sleep with MAC-CE.

Miss detection and false alarm
It is general view that reducing PDCCH monitoring is based on go-to-sleep signal/channel. Miss detection rate is not so important for go-to-sleep signal/channel, since miss detection will only lead to reduction of power saving gain without miss grant. Instead, false alarm will cause miss grant issue, which is critical for go-to-sleep signal/channel.

UE specific or group specific or cell specific
Similar to DRX operation, reducing PDCCH monitoring can be triggered in UE specific manner.

MAC CE or RRC as go-to-sleep channel
MAC CE as go-to-sleep channel is already supported in R15 NR. 
In fact, through RRC reconfiguration PDCCH monitoring of UE can be re-configured, so it can be regarded that RRC as go-to-sleep channel is already supported.

L1 channel as go-to-sleep channel
Benefit of L1 channel as go-to-sleep signal
Comparing with MAC CE, L1 channel as go-to-sleep channel can cause UE sleeping for a time interval within DRX on-duration, since L1 channel is a faster signalling than MAC CE.

Configuration of L1 channel as go-to-sleep signal
Similar to L1 channel as wakeup channel, L1 channel as go-to-sleep channel can be semi-statically configured, e.g. along with DRX cycle. 

Payload of L1 channel as go-to-sleep signal
Similar to L1 channel as wakeup channel, L1 channel as go-to-sleep channel may carry only very limited payload.

Scheduling PDCCH
In general view, the current PDCCH has very low false alarm rate, e.g. false alarm rate of Polar decoding is about 10-4. So, scheduling PDCCH can be used as go-to-sleep channel. In this way, DCI for scheduling PDCCH can be reused or enhanced to convey information of go-to-sleep. 

When go-to-sleep indication is conveyed in scheduling PDCCH, UE only needs to monitor go-to-sleep channel only in active time, i.e. after UE is woken up.
Observation 11: UE only needs to monitor go-to-sleep signal/channel only in active time, i.e. after UE is woken up.

Cross-slot scheduling: K0
Cross-slot scheduling could be enhanced in some companies’ contributions [6] [7].
Case of all K0>0
If table of time domain resource allocation is configured with all K0 values larger than 0, there could be some potential enhancements. 

PDSCH buffering
If all K0 values are larger than 0, UE does not need to buffer PDSCH. Otherwise, UE needs to buffer PDSCH symbols within PDCCH decoding process. It is almost common understanding that there is additional power consumption coming from PDSCH buffering. But this seems no standard impact.
Observation 12: The additional power consumption comes from PDSCH buffering. But this seems no standard impact.

Furthermore, if PDCCH monitoring periodicity is not too large, e.g. one slot, UE still needs to monitor PDCCH frequently. In our view, in this case UE should not enter micro sleep or light sleep state. Hence, the power saving gain may be limited.
Observation 13: If PDCCH monitoring periodicity is not too large, the power saving gain may be limited.

New UE behavior regarding all K0>0
It is almost common understanding that behavior of UE after receiving grant for all K0>0 case can be changed for purpose of UE power saving. For example, if UE receives grant at slot n with a K0 greater than zero, UE should assume that there is no new grant between slot n and slot n+K0-1, and consequently UE can choose to enter micro-sleep state from PDCCH decoding complete to starting of slot n+K0 [6]. In this way, power consumption from PDCCH decoding complete to starting of slot n+K0 can be reduced significantly. 
For example, UE monitors PDCCH per slot, and all K0 are 4 in the table. R15 UE should monitor PDCCH in slot n+1, slot n+2, slot n+3, and slot n+4. Besides, R15 UE should buffer PDSCH in each slot. The following figure shows R15 UE behavior.


Figure 2: R15 UE behavior
Power saving UE should only monitor PDCCH in slot n+4. Power saving UE should not buffer PDSCH in slot n, slot n+1, slot n+2, and slot n+3. The following figure shows behavior of power saving UE.


Figure 3: Behavior of power saving UE 
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]According to the power modeling defined from RAN1 #94bis, the power consumption for R15 UE and power saving UE can be evaluated as follows.
 PR15_UE = 100*5 + 45*4 = 680 (power units),
Ppower_saving_UE = 70 + 45*4 + 100 = 350 (power units),
where power consumption of PDCCH without PDSCH buffer is assumed as 70, since power of cross-slot scheduling is 0.7x same-slot scheduling. There could be nearly 50% power saving gain in this example.
Observation 14: Power saving gain is obvious for new behaviour of UE regarding all K0>0, when K0 is large.

Conclusion
The signal/signaling enhancement can be summarized as follows.
Table x: Summary of signal/signaling enhancement
	
	L1 signal
	L1 channel
	MAC CE
	RRC

	DRX operation
	Wakeup; 
Low miss detection rate;
UE specific;
New signal
	Wakeup;
Low miss detection rate;
UE specific;
Dedicated PDCCH
	-
	-

	Reducing PDCCH monitoring
	-
	Go-to-sleep;
Low false alarm rate;
UE specific;
Scheduling PDCCH
	Go-to-sleep (already supported in R15)
	-

	Cross-slot scheduling
	-
	-
	-
	RRC (impacting UE behavior regarding K0>0)



Regarding UE time domain processing, we have the following proposals.
Proposal 1: Regarding UE time domain processing, the following schemes can be considered.
· For wakeup signal/channel, L1 signal/channel can be considered with addressing the low miss detection rate and UE specific etc.
· PDCCH dedicated for triggering wakeup with small DCI size can be considered;
· New design of signal for triggering wakeup with small bit payload can be considered. 
· A mechanism of reporting of “RLF” for wakeup signal/channel with relaxed condition should be studied to reduce impact of miss detection.
· For go-to-sleep signal/channel, L1 channel can be considered with addressing the low false alarm rate and UE specific etc.
· Scheduling PDCCH can be considered.
· For cross-slot scheduling, new behaviour of UE regarding all K0>0 can be studied. 
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A.1  Signaling reliability captured in 36.300
The different characteristics of MAC and RRC control are summarized in the table below.
Table B.1-1: Summary of the difference between MAC and RRC control
	
	MAC control
	RRC control

	Control entity
	MAC
	RRC

	Signalling
	PDCCH
	MAC control PDU
	RRC message

	Signalling reliability
	~ 10-2 (no retransmission)
	~ 10-3 (after HARQ)
	~ 10-6 (after ARQ)

	Control delay
	Very short
	Short
	Longer

	Extensibility
	None or very limited
	Limited
	High

	Security
	No integrity protection
No ciphering
	No integrity protection
No ciphering
	Integrity protection Ciphering



The main difference between MAC and RRC control lies in the signalling reliability. Due to the signalling reliability, signalling involving state transitions and radio bearer configurations should be performed by RRC. Basically, all signalling performed by RRC in UTRA should also be performed by RRC also for E-UTRA.
oleObject1.bin
Trans


PDCCH


Time


Power


Deep Sleep or light sleep


DRX on-duration


SSB or P-TRS


Micro sleep


Re-sync


N_sleep



image2.emf
PDCCH

Time

Power

Slot n

Micro 

sleep

PDCCH

Slot n+1

PDSCH buff Micro

sleep

PDSCH buff

PDCCH

Slot n+2

Micro

sleep

PDSCH buff

PDCCH

Slot n+3

Micro

sleep

PDSCH buff

PDCCH

Slot n+4


oleObject2.bin
PDCCH


PDCCH


Slot n+1


Slot n+2


Micro
 sleep


PDSCH buff


PDSCH buff


Micro
 sleep


PDSCH buff


PDCCH


Slot n+3


Micro
 sleep


PDSCH buff


PDCCH


Slot n+4


PDCCH


Time


Power


Slot n


Micro 
sleep



image3.emf
PDCCH

Time

Power

Slot n

Slot n+1

Slot n+2 Slot n+3

Micro sleep

PDCCH

Slot n+4


oleObject3.bin
Slot n+1


Slot n+2


Slot n+3


Micro sleep


PDCCH


Slot n+4


PDCCH


Time


Power


Slot n



image1.emf
PDCCH

Time

Power

Deep Sleepor 

light sleep

DRX on-duration

SSB or 

P-TRS

Micro sleep

Trans

Re-sync

N_sleep


