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Introduction
In WID of UE power saving, it was agreed to specify PDCCH-based power saving signal/channel.
	a) [bookmark: _Ref494215420]Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope



General view on DCI contents
It was agreed [1] that potential DCI contents in DCI format(s) of power saving channel may include the triggering signaling in time domain, frequency domain and spatial/antenna domain. 
	Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 


In our view, the above power saving schemes can be operated by WUS and GTS signaling, which is listed as follows.
· Regarding power saving technique associated with C-DRX:
· WUS: UE is indicated to transition from outside Active Time to Active Time, and UE is indicated to stay at Active Time.
· GTS signaling: UE is indicated to transition from Active Time to outside Active Time, and UE is indicated to stay outside Active Time
· Regarding cross-slot scheduling:
· WUS: UE is indicated to use TDRA table with the minimum K0 equal to 0.
· GTS signaling: UE is indicated to use TDRA table with the minimum K0 larger than 0.
· Regarding triggering RS transmission and CSI report, 
· WUS: UE is indicated to process RS and report CSI. PDCCH triggering aperiodic CSI-RS and CSI report can be reused. 
· Regarding single vs. multi-cell operation:
· WUS: UE is indicated to perform multi-cell operation.
· GTS signaling: UE is indicated to perform single-cell operation.
· Regarding BWP/SCell operation:
· WUS: UE is indicated to switch to the “normal” BWP/SCell.
· GTS signaling: UE is indicated to switch to the “power saving” BWP/SCell.
· Regarding MIMO layer adaptation/number of Antenna adaptation:
· WUS: UE is indicated to switch to the “normal” MIMO layer/number of antenna.
· GTS signaling: UE is indicated to switch to the “power saving” MIMO layer/number of antenna. 
· Regarding indication of CORESET/search space/candidate of subsequent PDCCH decoding and  PDCCH monitoring periodicity:
· WUS: UE is indicated to switch to the “normal” PDCCH configurations.
· GTS signaling: UE is indicated to switch to the “power saving” PDCCH configurations.
· Regarding PDCCH skipping:
· WUS: UE is indicated to switch “no PDCCH skipping”.
· GTS signaling: UE is indicated to switch to the “PDCCH skipping”
Proposal 1: WUS and GTS signaling can be supported to cover the proposed power saving schemes.

UE-specific or group specific
Companies have different view on whether the power saving channel should be UE-specific PDCCH or GC-PDCCH [2].
	· UE-specific DCI - vivo, Intel, MediaTek, Spreadtrum, APPLE, Qualcomm, CATT, Nokia, InterDigital, Motorola Mobility, Ericsson, Samsung, LGE
· Group-common DCI (e.g.,could trigger one or more UEs but not necessary all in the group) – Huawei, vivo, MediaTek, Qualcomm, OPPO, InterDigital, Motorola Mobility, Ericsson, Nokia,  Intel, Samsung, ZTE


It was agreed that the power saving channel is UE-specifically configured [1]. 
	Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 



Combinations of design
Indeed, there are some combinations for the designs of the WUS and GTS signaling.
Table 1: Combinations for the designs of the WUS and GTS signaling
	
	UE-specific PDCCH
	GC-PDCCH

	Joint design
	A UE-specific PDCCH for both the WUS and GTS signaling. But UE should always decode PDCCH till CRC pass to know whether the DCI is WUS or GTS signaling.
	A GC-PDCCH for both the WUS and GTS signaling. UE should always decode PDCCH till CRC pass to find the field dedicated for itself to be informed sleep or wakeup.

	Separate design
	A UE-specific PDCCH for the WUS, and a scheduling PDCCH for the GTS signaling. Outside Active Time, if UE cannot detect the UE-specific PDCCH for the WUS, UE may stay outside Active Time. At Active Time, if UE cannot find the field for GTS in the scheduling PDCCH, UE may stay at Active Time.
	N/A



Proposal 2: Down-select from the following alternatives for the designs of the WUS and GTS signaling:
· Alt-1: A UE-specific PDCCH for both the WUS and GTS signaling.
· Alt-2: A GC-PDCCH for both the WUS and GTS signaling.
· Alt-3: A UE-specific PDCCH for the WUS and a scheduling PDCCH for the GTS signaling. 

UE-SS or CSS
In our understanding, down-selection between UE-specific PDCCH or GC-PDCCH means down-selection between UE-SS or CSS. As for the 3 alternatives of the number of triggered UEs in the agreement, in our understanding, it mean whether the power saving channel is UE-SS or CSS. 
For the PDCCH-based WUS, we compare UE-specific-PDCCH based WUS and GC-PDCCH based WUS in the following table.
Table 2: Comparison between UE-specific PDCCH-based WUS and GC-PDCCH based WUS
	
	UE-specific-PDCCH based WUS
	GC-PDCCH-based WUS 

	Differentiate from the scheduling PDCCH
	New DCI format (e.g. DCI format 1-2) with smaller size budget or with new RNTI (e.g. PS-C-RNTI)
	CSS (new RNTI)

	Differentiate from the GC-PDCCH
	C-RNTI
	New RNTI and/or new DCI format

	Triggering a single UE only
	Yes
	Yes. gNB can configure different CSS monitoring occasions to different UE. The periodicity/offset of CSS could be sparse enough to avoid the overlapping of CSS monitoring occasions.

	Triggering UE(s) within a group
	No. But multiple UEs can be triggered by multiple PDCCHs. 
The triggered UE can use different power saving associated operation.
	Yes. Multiple UEs can be triggered through UE list or bitmap. The triggered UE may share the same entry of the parameter set(s). If there are lots of UEs in the group, the “light-traffic” UE will frequently decode the large-size WUS with no wakeup command.

	Indicated to transition from outside Active Time to Active Time
	gNB transmits a UE-specific PDCCH, and UE detects the PDCCH with CRC pass .
	gNB transmits a GC-PDCCH with UE-specific “field” (or bitmap), and UE detects the PDCCH with CRC pass and finds the field available (or bitmap on).

	Indicated to stay at Active Time
	gNB transmits a UE-specific PDCCH, and UE detects the PDCCH with CRC pass.
	gNB transmits a GC-PDCCH with UE-specific “field” (or bitmap), and UE detects the PDCCH with CRC pass and finds the field available (or bitmap on).


According to the above table, we slightly prefer UE-specific-PDCCH based WUS, because it is more flexible and controllable. 
Proposal 3: UE-specific-PDCCH based WUS can be supported.

For the PDCCH-based GTS signaling, we compare UE-specific PDCCH-based GTS signaling and GC-PDCCH based GTS signaling in the following table.
Table 3: Comparison between scheduling-PDCCH based GTS signaling and GC-PDCCH based GTS signaling
	
	UE-specific-PDCCH based GTS signaling
	GC-PDCCH-based GTS signaling

	Differentiate from the scheduling PDCCH
	New DCI format (e.g. DCI format 1-2) with smaller size budget, or embedded in a scheduling PDDCH
	CSS (new RNTI)

	Differentiate from the GC-PDCCH
	C-RNTI
	New RNTI and/or new DCI format

	Triggering a single UE only
	Yes
	Yes. gNB can configure different CSS monitoring occasions to different UE. The periodicity/offset of CSS could be sparse enough to avoid the overlapping of CSS monitoring occasions.

	Triggering UE(s) within a group
	No. But multiple UEs can be triggered by multiple PDCCHs. The triggered UE can use different power saving associated operation, if non-scheduling PDCCH is used. 
	Yes. Multiple UEs can be triggered through UE list or bitmap. The triggered UE may share the same entry of the parameter set(s). If there are lots of UEs in the group, the “heavy-traffic” UE will frequently decode the large-size WUS with no go-to-sleep command.

	Indicated to transition from Active Time to outside Active Time
	gNB transmits a UE-specific PDCCH, and UE detects the PDCCH with CRC pass.
	gNB transmits a GC-PDCCH with UE-specific “field” (or bitmap), and UE detects the PDCCH with CRC pass and finds the field unavailable (or bitmap off).

	Indicated to stay at outside Active Time
	gNB transmits a UE-specific PDCCH, and UE detects the PDCCH with CRC pass, if non-scheduling PDCCH is used. Otherwise, not available.
	gNB transmits a GC-PDCCH with UE-specific “field” (or bitmap), and UE detects the PDCCH with CRC pass and finds the field unavailable (or bitmap off).


According to the above table, we slightly prefer UE-specific-PDCCH based GTS signaling, because it is more flexible and controllable. 
Proposal 4: UE-specific-PDCCH based GTS signaling can be supported.

Joint design or separate design of WUS and GTS signaling
From above discussion, it can be found that if we go GC-PDCCH way, the WUS and GTS signaling should be designed jointly. Whether the joint design of separate design of the WUS and GTS signaling be discussed.
In our view, it is better that they are designed separately. Firstly, it was identified in RAN1 Ad Hoc 1901 that the WUS and GTS signaling have different requirements on miss detection rate and false alarm rate, as shown below.
	Agreements:
The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel
· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation
· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]
· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]
· Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use cases and scenarios
· For any other purpose(s) of power saving signal/channel, companies to report X & Y values
· The target of miss detection would be different depending on the behaviour of miss detection of power saving signal/channel.
· If miss detection behaviour is defined as no subsequnt PDCCH reception, low miss detection rate is required in order to avoid increased latency of missed chance of the scheduling.
· If miss detection behaviour is defined as subsequent PDCCH reception, low miss detection rate is not required. If the network is congested and power saving signal is not transmitted, UE behaves as if power saving signal is not configured. 
· The miss detection performance when multiple power saving signal/channel are multiplexed on the same resource, when applicable
· The performance of the power saving signal/channel should assume realistic implementation limitations, e.g., by using realistic channel estimation and time/frequency offset estimation, etc.


If the WUS and GTS signaling are jointly designed in a DCI format, e.g. 0 means WUS and 1 means GTS signaling, the PDCCH resource allocation for these two signaling will be complicated at gNB side. If gNB allocates a common AL for these two signaling, the resource overhead may be large due to covering 0.1% miss detection rate. If gNB allocates the different ALs for these two signaling, potentially UE should monitor at least two ALs for the power saving channel, which may be power consumed at UE.
Secondly, if the WUS and GTS signaling are separately designed and the GTS signaling is conveyed by the scheduling PDCCH, then UE has no any additional BD/CCE complexity to detect the GTS signaling. 
Thirdly, the PDCCH-based WUS may be upgraded to low-complexity signal based wakeup signal in future release. In general, the low-complexity signal may be sequence based and it may not contain any information bit, and UE gets to know whether to wake up by detecting presence of the low-complexity signal. In this sense, the low-complexity signal should be separated from the GTS signaling. For purpose of forward compatibility, the PDCCH-based WUS can be designed separate from the GTS signaling at present.  
Proposal 5: WUS and GTS signaling can be designed separately.
Proposal 6: Alt-3, i.e. A UE-specific PDCCH for the WUS and a scheduling PDCCH for the GTS signaling, can be supported.

DCI format
Existing or new DCI
It was agreed [1] that there is no increase of DCI format size budget and no increase of UE BD/non-overlapping CCE limit in the DCI of power saving channel. 
	Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active time vs. out of Active time
· Working assumption: no increase of UE BD/non-overlapping CCE limit 


The possible candidates of DCI format for power saving channel were agreed in a compromise way [1].
	Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique 


For the PDCCH-based WUS, it can be carried by a new DCI format, which has smaller DCI size budget than the scheduling PDCCH for purpose of meeting 0.1% miss detection rate.
For the PDCCH-based GTS signaling, it can be carried by the new DCI format(s) for scheduling in addition to DCI format 1-0/1-1/0-0/0-1, or the existing DCI with enhancement, e.g. additional new field.

Number of DCI formats for the PDCCH-based power saving signal/channel
There were two views on how to differentiate the power saving schemes, including through different fields and through different DCI formats [2].
	There are proposals of DCI formats for different power saving scheme.  Some proposals use one DCI format with different information fields to indicate the respective power saving scheme.  Some proposals would have different DCI formats for different power saving schemes.  
· One DCI format for all the power saving schemes – Huawei, vivo, Intel, MediaTek, CATT
· More than one DCI format –vivo, CMCC, Qualcomm


It was agreed that the power saving schemes (associated operations) can be indicated to UE, and the information fields in DCI format can be configurable [1].
	Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format


For the PDCCH-based WUS, one new DCI format can be used for different power saving associated operations, and different fields of different power saving associated operations can be configured by RRC signalling.
For the PDCCH-based GTS signalling, the new DCI format(s) for scheduling in addition to DCI format 1-0/1-1/0-0/0-1 can be introduced.

Details of DCI contents
As aforementioned, WUS and GTS signalling can be supported to cover the proposed power saving schemes. The details of DCI contents need to be discussed. 
In our view, the parameters of the proposed power saving schemes may not directly conveyed by DCI. As a usual way, a set of the parameters can be configured by RRC signalling, and the entry of the set can be indicated to UE. It is something like BWP switch, i.e. there are multiple BWPs configured and each has a staff of parameters and gNB changes the staff of parameters through BWP switch. But whether the RRC signalling reuses BWP IEs needs FFS, because such reuse may cause too large specification efforts to decompose BWP IEs. In general, the RRC signalling enveloping the parameters set for the proposed power scheme schemes needs to be discussed together with RAN2. Anyway, the DCI content of the WUS should contain the entry of the parameter set. 
Furthermore, the time information, e.g. the time of wakeup and sleep, can be also conveyed in the WUS. 
Moreover, the additional RS information can be conveyed in WUS too. As described in Appendix Section A.3 and A.5, the additional RS can potentially shorten the gap between the WUS and the beginning of DRX on-duration. 
Proposal 7: The DCI content of the PDCCH-based WUS can include the entry of the parameter set of the proposed power saving schemes, the time information, and the additional RS information.
· The parameter set of the proposed power saving schemes is RRC configured, and it needs to be discussed together with RAN2.

DCI size
It was agreed [1] that the design of DCI size should consider the state of C-DRX and the DCI format size budget. 
	Agreements:
· The design of the DCI format(s) and size needs to account for one or more of the following aspects
· Within or outside Active Time
· DCI format size for the power saving signal/channel to fit the DCI format size budget
· Including aspects whether or not it is necessary to align it with existing DCI format size
· Other aspects are not precluded


For the PDCCH-based WUS, in our view, it should have the smaller DCI format size budget to meet 0.1% miss detection rate with small AL, as shown in the simulation results in Appendix Section A.4. The minimum number of information bits for PDCCH is 12 in R15. In our view, 12 bits is sufficient to convey the entry of the parameter set of the proposed power saving schemes, the time information, and the additional RS information. Therefore, 12 bits can be starting point of DCI format size budget of the PDCCH-based WUS, and whether to support the DCI format size budget smaller than 12 bits is FFS. 
Proposal 8: 12 bits can be starting point of DCI format size budget of the PDCCH-based WUS, and whether to support the DCI format size budge smaller than 12 bits is FFS.

Configuration
CORESET/Search Space
It was captured that the dedicated CORESET and the existing CORESET can be configured for the PDCCH-based power saving channel [2].
	· Dedicated CORESET – Huawei, LGE, Qualcomm, CATT, Nokia, Ericsson
· In multi-beam configuration – Qualcomm, CATT, DoCoMo
· Dedicated BWP - Qualcomm

· Existing CORESET – Huawei, Intel, DoCoMo


It was agreed [1] that at least one CORESET is supported for the power saving channel.
	Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)


For the PDCCH-based WUS, in our view, the CORESET for the power saving channel can be shared with a CORESET configured for the scheduling PDCCH, because the PDCCH for WUS is TDMed with the scheduling PDCCH, especially for power saving technique associated with C-DRX.
For the PDCCH-based GTS signalling, the CORESET for the power saving channel can be also the existing CORESET for scheduling.

Aggregation levels and PDCCH candidates
It was agreed [1] that for PDCCH-based power saving channel, the set of AL(s) and the number of PDCCH candidate(s) are both configurable by gNB.
	Agreements:
· For PDCCH-based power saving signal/channel, 
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured


It is up to gNB implementation to optimize the configuration of ALs and PDCCH candidates for the PDCCH-based WUS and GTS signalling.

Configuration and periodicity
It was captured [2] that the periodicity of the PDCCH-based power saving channel can be associated with the power saving scheme, e.g. DRX configuration, PDCCH skipping configuration.
	· Associated with the power saving scheme (e.g., DRX configuration, PDCCH skipping) – Huawei, vivo, Intel, Samsung, MediaTek, LGE, CMCC, SPECTRUM, APPLE, Qualcomm, ZTE, OPPO, Panasonic, CATT, InterDigital, Motorola Mobility, DoCoMo, Ericsson, Sony
· Associated with DRX before DRX ON 


It was agreed in RAN2 [3] that the PDCCH-based WUS is associated with C-DRX and UE should monitor it before C-DRX on-duration.
	For RRC_CONNCECTED (e.g. C-DRX, PDCCH monitoring):
1. RAN2 will study the RAN2 impact of wake up signaling to C-DRX.  
2. Wakeup signaling is linked to C-DRX and is only configured when C-DRX is configured. If the WUS is not configured legacy operations apply. 
3. If configured with WUS, UE should monitor for WUS occasions at a known offset before on duration C-DRX.  The offset is up to RAN1 discussion.


For the PDCCH-based GTS signaling, it can be associated with C-DRX and UE should monitor it in Active Time.

Conclusion
As conclusions, we have the following proposals.
Proposal 1: WUS and GTS signaling can be supported to cover the proposed power saving schemes.
Proposal 2: Down-select from the following alternatives for the designs of the WUS and GTS signaling:
· Alt-1: A UE-specific PDCCH for both the WUS and GTS signaling.
· Alt-2: A GC-PDCCH for both the WUS and GTS signaling.
· Alt-3: A UE-specific PDCCH for the WUS and a scheduling PDCCH for the GTS signaling. 
Proposal 3: UE-specific-PDCCH based WUS can be supported.
Proposal 4: UE-specific-PDCCH based GTS signaling can be supported.
Proposal 5: WUS and GTS signaling can be designed separately.
Proposal 6: Alt-3, i.e. A UE-specific PDCCH for the WUS and a scheduling PDCCH for the GTS signaling, can be supported.
Proposal 7: The DCI content of the PDCCH-based WUS can include the entry of the parameter set of the proposed power saving schemes, the time information, and the additional RS information.
· The parameter set of the proposed power saving schemes is RRC configured, and it needs to be discussed together with RAN2.
[bookmark: _GoBack]Proposal 8: 12 bits can be starting point of DCI format size budget of the PDCCH-based WUS, and whether to support the DCI format size budge smaller than 12 bits is FFS.
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[bookmark: _Toc518705559]Appendix
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.
A.2  The behavior of UE when miss detection happens
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 WUS may be missed already. In addition, reporting of “RLF” of WUS will not cause “ping-pong” issue of early reporting of RLF in RLM. Hence, reporting of “RLF” for WUS can be more easily triggered compared with reporting of RLF in RLM. With this assumption, miss-grant due to miss detection of WUS may be reduced.
Observation A2: Miss-grant due to miss detection of WUS may be reduced by relaxing condition of reporting of “RLF” for WUS.

A.3  Preparation period
A.3.1  “Group-common” preparation period
There could be a misalignment between UE-specific DRX configuration and “group-common” RS configuration within preparation period. In general, gNB may configure a group of UEs to share a common RS configuration to reduce network overhead. More specifically, the group of UEs may be served with the same beam or TRP due to their similar locations, and they process the same CSI-RS for channel tracking, for CSI acquisition and for beam tracking within preparation period. This issue has been discussed in the standardization of R15 aperiodic TRS.
Observation A3: Preparation period may have to be “group-common” to reduce network overhead, but DRX configuration is better to be UE-specific.

A.3.2  Re-sync with the existing RS
It was identified in RAN1#95 that “RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking”. Recall that this issue had been discussed in TRS topic in R15 NR, it was concluded in RAN1#90bis that it is left to gNB implementation. In R15, UE may mainly rely on SSB or P-TRS for T/F tracking, and UE may have to re-sync before DRX on-duration.
	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


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 for a long time, which is power consumed.
Observation A4: UE should stay in micro-sleep state after re-sync, which is power consumed.
It can be observed that 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 network overhead. This issue will be worse for multi beam deployment, since P-TRS may be different for different beam.
Observation A5: Re-sync with the existing periodic RS, such as SSB and TRS, may cause additional UE power consumption or large network overhead.

A.3.3  Additional RS
It was identified in RAN1 Ad Hoc 1901 that additional RS is beneficial to assist UE in performing e.g. fine synchronization, channel/beam tracking, and/or CSI/RRM measurements.
	Agreements:
· Capture in the TR: New section 5.2.3 “Additional RS used for UE power saving”  in TR

Additional RS is the RS provided by gNB to assist UE in performing e.g.,fine synchronization, channel/beam tracking, and/or CSI/RRM measurements in addition to the existing RS in Rel-15.  The additional RS was proposed for study for power saving schemes for e.g, UE adaptation to the DRX operation,  BWP switching, fast SCell activation, reducing PDCCH monitoring, and/or  RRM measurements.   RS design is assumed to reuse Rel-15 waveform.  Power saving signal could be used to meet the purpose of additional RS.


Additional RS can be triggered within preparation period in some cases as an optimization on top of periodic RS.

A.4  Miss detection of WUS
We perform a link level simulation for different DCI size. The simulation assumptions are shown in the following table.
Table A1: Assumptions of the link level simulation
	Parameters
	Value

	DCI size (excluding 24bits CRC)
	30, 12, 3 bits

	Number of symbols for CORESET
	1

	Subcarrier spacing
	30KHz

	Aggregation level
	4

	Transmission type
	Non-interleaved

	REG bundling size
	6

	Channel estimation
	Realistic

	Channel model
	TDL-B (delay spread 100ns)

	Doppler spread
	5Hz

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx


As the simulation results, the required SNR for different DCI size is shown in the following table. 
Table A2: The required SNR for different DCI size
	
	30 bits
	12 bits
	3 bits (padding to 12 bits)

	The required SNR
	-4.5 dB
	-6.5 dB
	-7 dB


It should be noted that PDCCH always contains 24 bits CRC which cause large number of total bits and then limit the performance. It can be observed under the above simulation assumptions, AL 4 can meet the required 0.1% miss detection rate at SNR -6.5dB.

A.5  Power saving gain for WUS
In our previous contribution [4], the simple numerical evaluations with deterministic traffic model is exercised. It can be observed that power saving gain mainly is related to three points:
· The reduction in the reference energy overhead for transition, in the case power saving signal indicates NO further activity, i.e. P1 in [4]. The power saving gain is enlarged as P1 is enlarged.
· The time gap between transition and the beginning of DRX ON duration, in the case power saving signal indicates further activity, i.e. T2 in [4]. The power saving gain is enlarged as T2 is shortened.
· Length of DRX on-duration
The definition of P1/T2 can be shown in the following figure.

(1) Power saving scheme with optimization, in the case WUS indicates NO further activity

   
(2) Power saving scheme with optimization, in the case WUS indicates further activity
Figure 1: Illustration of P1, T2
For P1, if PDCCH-based WUS is detected by a low-complexity receiver, e.g. narrow-band receiver, PDCCH-based WUS may not need the full transition power, e.g. 100 units for transition from light sleep to active time. There are some methods to enable a low-complexity receiver from system perspective, e.g. narrow-band CORESET configured by gNB to reduce CCE complexity.
For T2, if PDCCH-based WUS can trigger an additional RS, the time gap can be shortened. But due to background activities and periodic activities, e.g. RRM measurement and channel tracking, UE may need to wake up periodically regardless of indication of WUS. Therefore, optimization of T2 may not be practical in realistic.
For length of DRX on-duration, it is not related to design of PDCCH-based WUS.
Therefore, PDCCH-based WUS may be designed to be detected with a low-complexity receive and to trigger an additional RS.
Observation A6: The reduction in the reference energy overhead for transition and the time gap between transition and the beginning of DRX on-duration directly impact the power saving gain. The power saving gain can be increased by the additional RS.
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