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1. Background
In [1], a new work item (WI) is approved for the low-power (LP) wakeup signal (WUS) and wakeup receiver (WUR) design for NR. Objectives of this WI are as follows. The RAN1 related scope includes three main topics:
· LP-WUS and LP-SS design
· LP-WUR operation in UE idle and inactive modes
· LP-WUR operation in UE connected mode.
In this paper, we discuss the design aspects for the LP-WUR operation in UE connected mode. The general LP-WUS/LP-SS design and idle/inactive mode procedure are discussed in our companion papers in [2] and [3].

	[bookmark: _Hlk153295984]4.1	Objective of SI or Core part WI or Testing part WI

The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

1. Specify the demodulation performance and test cases for LP-WUS/WUR[RAN4].
2. Specify RRM measurement performance requirement and corresponding test cases for the LP-WUS/WUR[RAN4].



2. Rel-16 DCP overview
In Rel-16, DCP (DCI with CRC scrambled by PS-RNTI) has been supported. A UE can be configured to monitor DCI format 2_6 that is with CRC scrambled by PS-RNTI for a block of bits in the DCI format. The total payload size of the DCI format 2_6 and the location of the block of bits is configured by UE-specific RRC signalling. The block of bits for the UE may contain 1 bit wake-up indication and 0 – 5 bits SCell dormancy indication for the UE. The 1 bit wake-up indication in the block indicates whether the UE shall start drx-onDurationTimer in for the next long DRX cycle. The remaining 0 – 5 bits in the block is a bit-map for up to 5 SCell groups to switch to/from dormant BWP, where the SCell grouping is configured by RRC. 

The Rel-16 DCP is configured per cell-group (via PhysicalCellGroupConfig) and monitoring PDCCH for DCI format 2_6 is limited on PCell and/or PSCell. RRC parameters for the PDCCH for DCI format 2_6 are provided in the same way as for regular PDCCH, i.e., RRC IE controlResourceSet and searchSpace. The search space set for DCI format 2_6 is defined as a Type-3 CSS set.

The UE monitors PDCCH for DCI format 2_6 in PDCCH monitoring occasions only in a particular window prior to a slot where the drx-onDurationTimer would start. The particular window for monitoring DCI format 2_6 is identified by RRC parameter ps-Offset and the minimum time gap until the first slot that the drx-onDurationTimer would start. If there are multiple PDCCH monitoring occasions in the window, the UE monitors the DCI format 2_6 in the first PDCCH monitoring occasions indicated by duration of the searchSpace configuration.
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Fig. 1	Rel-16 DCP for power saving in connected mode

Rel-19 LP-WUS in connected mode is expected to offer similar functions by using LP-WUR for LP-WUS monitoring for further power saving. In the following sections, we provide our views on the Rel-19 LP-WUS in connected mode.

3. LP-WUS procedures
2.1	LP-WUS monitoring
RAN1 achieved following agreement at the RAN1#116bis meeting:
	Agreement
Update the following agreement in RAN1#116 in red:
Agreement
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded should be considered.
· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2
· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any



Since C-DRX has widely been used in deployments, the solution should be at least for Case 1. 

With C-DRX configuration, Option 1-1 should be the baseline. Option 1-1 can be enabled in the same way as for Rel-16 DCP. The UE monitors LP-WUS in a LP-WUS monitoring occasion/window for a DRX ON time in each DRX cycle, at least [Min gap] before the slot that the drx-onDurationTimer would start, and the LP-WUS tells the UE whether the UE shall monitor PDCCH in the DRX Active Time of the DRX cycle.
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Fig. 2	Procedure of LP-WUS monitoring and PDCCH triggering

The UE can be configured with Rel-17 PDCCH skipping or SSSG switching altogether. PDCCH monitoring in the DRX Active Time, even if it is triggered by LP-WUS, can be skipped/reduced by Rel-17 PDCCH skipping or SSSG switching indication. This will be quite beneficial for power saving, especially if the value(s) of drx-onDurationTimer and/or drx-InactivityTimer is/are relatively large. Use of Rel-17 PDCCH skipping or SSSG switching does not require additional specification impact.

Figure 3 shows the power saving gain of LP-WUS with Option 1-1 with C-DRX operation. For the evaluation, the baseline is Rel-16 DCP with C-DRX operation. Unlike various studies done in Rel-18 study item, here the evaluation scenarios in Fig. 3 are FR2. LP-WUS is assumed to span 12 RBs of an FR2 carrier with SCS 120 kHz (i.e., LP-WUS BW = 17.28 MHz). C-DRX configuration of (DRX period, DRX inactivity timer, DRX ON duration) of (80, 8, 8) ms is assumed. In this evaluation, use of PDCCH skipping with configured durations of (1, 5, 8) ms is considered. Two different traffics of FTP model 3, 20 Mbps and 0.4 Mbps, are assumed. The results of “LP-WUR monitors LP-WUS” indicate that the LP-WUS with Option 1-1 with C-DRX operation offers significant power saving gain for both traffic assumptions also for FR2. 

Rel-19 LP-WUS work item considers that a UE configured to monitor LP-WUS in connected mode performs measurements using MR. It should be noted here that if the measurements are performed by LP-WUR (i.e., measurement offloading) in connected mode, it is possible to further improve the power saving gain as demonstrated in the results of “LP-WUR monitors LP-WUS and performs measurements” in Fig. 3. 

Note that there was a FFS on whether LP-WUS with 11 or 12 PRBs is applicable to FR2 at RAN1#116bis meeting. We have done a 1st order analysis on this and observed that LP-WUS with 11 or 12 PRBs can be designed to match with msg3 PUSCH coverage in FR2. The analysis is provided in Appendix of this contribution.
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Fig. 3	Power saving gain of LP-WUS with Option 1-1 in FR2

Observation 1:
· LP-WUS monitoring with Option 1-1 in connected mode offers significant power saving gain for FR2 

In order to achieve low latency benefit with LP-WUS in connected mode, DRX cycle length would need to be short. With this, the UE can monitor LP-WUS frequently such that network can trigger PDCCH monitoring anytime. 

Option 1-2 or Option 1-3 can enable more flexible triggering for PDCCH monitoring. Option 1-2 would create additional, potentially ‘floating’, PDCCH monitoring windows that may not follow existing C-DRX configurations such as drx-LongCycleStartOffset, drx-SlotOffset, shortDRX. This would require new mechanisms to make the new ‘floating’ PDCCH monitoring windows work, e.g., PDCCH monitoring termination conditions such as timers/signalling, relevant MAC procedure and PDCCH monitoring procedure, etc. On the other hand, Option 1-3 can enable PDCCH monitoring starting from the middle of DRX Active Time based on the existing C-DRX configurations. 

Proposal 1:
· At least support Option 1-1
· Further study Option 1-2 and Option 1-3 to see their performance benefits and standardization impacts

2.2	Minimum time gap between LP-WUS and start of PDCCH monitoring
RAN1 achieved following agreement at the RAN1#116 meeting:
	Agreement
For RRC CONNECTED mode, minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is introduced considering at least following
· LP-WUS processing time
· MR transition time for ramp up
· Time/frequency synchronization of MR
· FFS whether UE can report supported minimum time gap from candidate values
FFS: Whether the minimum time gap values can be more than one



Ensuring a certain time gap between LP-WUS reception and the start of PDCCH monitoring based on the LP-WUS triggering is important for the UE. For Rel-16 DCP, a UE can report supported minimum time gap from the candidate values as specified in TS 38.213 Section 10.3, Table 10.3-1. 
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Similarly, for Rel-19 LP-WUS, it makes sense to specify minimum time gap, potentially based on the UE capability. The exact minimum necessary time gap highly depends on various factors such as LP-WUS physical layer structure, information carried by LP-WUS, LP-WUR implementation, SCS for the LP-WUS/PDCCH, etc, and hence cannot be fixed at the early stage of the WI. However, it would be clear that the existing minimum time gap for Rel-16 DCP would not be able to be baseline for LP-WUS based PDCCH monitoring triggering.

Proposal 2:
· Minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is further discussed once the other details such as LP-WUS design, PDCCH triggering procedure, etc, are clear

2.3	Activation/deactivation of LP-WUS monitoring
RAN1 decided to study activation/deactivation of LP-WUS monitoring as highlighted below in the RAN1#116 agreement.
	Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.



Assuming the LP-WUS monitoring procedure is based on Option 1-1 in Section 2.1, there is no essential need to introduce an activation/deactivation mechanism for LP-WUS. The UE can monitor LP-WUS according to the RRC configuration. This would also be the case for Option 1-3 in Section 2.1, if LP-WUS based PDCCH monitoring triggering is per DRX cycle. 
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Fig. 4	Activation/deactivation of LP-WUS monitoring (assuming Case 1, Opt 1-1)

On the other hand, for Case 2 (LP-WUS without C-DRX configurations), it is necessary to enable switch back from PDCCH monitoring to LP-WUS monitoring by new signalling or timer. This may also be the case for the additional PDCCH monitoring window in Option 1-2.

However, as explained in Section 2.1, C-DRX is widely used and hence should be the baseline. With C-DRX as the baseline, the UE behavior for LP-WUS can be per DRX cycle. With this, there is no essential need to introduce additional activation/deactivation signalling/timer for LP-WUS monitoring. 

Observation 2:
· For Option 1-1, additional activation/deactivation signalling or additional timer is not necessary/essential for LP-WUS procedure in connected mode

Nevertheless, it is still necessary to enable UE autonomous fallback from LP-WUS monitoring to PDCCH monitoring (i.e., deactivation of LP-WUS monitoring) in case the channel/beam quality for the LP-WUS is not satisfactory. This will be discussed in the next sub-section.

2.3	UE autonomous fallback from LP-WUS monitoring to PDCCH monitoring
RAN1 achieved following agreement at the RAN1#116 meeting:
	Agreement
For RRC CONNECTED mode, from RAN1 perspective, 
· PDCCH monitoring triggered by LP-WUS is enabled/disabled by gNB RRC signaling
· FFS whether to support UE assistance.
· LP-WUS monitoring by UE is known to gNB.
· FFS whether implicit/explicit indication from UE is necessary
· In case LP-WUS monitoring is enabled, following options are further studied
· Option 1: No additional indication/condition are introduced for activation/deactivation of LP-WUS monitoring
· Option 2: Activation/deactivation of LP-WUS monitoring by gNB L1/L2 signaling with or without UE assistance.
· Option 3: Activation/deactivation of LP-WUS monitoring based on condition(s), such as timer.
· Option 4: Activation/deactivation of LP-WUS monitoring based on implicit indication/condition, e.g. UL transmission.



When a UE detects beam failure or radio link failure, the UE must transmit a PRACH for recover from these issues. Once a UE transmits a PRACH, the UE has to monitor PDCCH to get a RAR. Such procedure should be enabled even during the time that the UE monitors LP-WUS using LP-WUR in connected mode. Network is aware of the UE autonomous activation of PDCCH monitoring for these cases based on the detection of PRACH. 

There could be cases where the channel/beam quality is low for successful reception of LP-WUS, while it is not reaching the condition of BFD/RLF. In other words, the UE is not in the coverage of LP-WUS while is in the coverage of SSB/PDCCH. In this case, UE should autonomously be able to fallback to PDCCH monitoring on MR. Network does not need to know the UE autonomous fallback at the time that the network wakes up the UE, since the UE anyway monitors PDCCH that is supposed to be triggered by LP-WUS. After the MR wake up, the UE may need to stay on MR or may want to switch back to LP-WUR, depending on the DL channel quality. Whether/how this is known by the network can be FFS.

Proposal 3:
· Confirm that a UE can trigger recovery from beam failure or radio link failure even when the UE monitors LP-WUS and does not monitor PDCCH
· Once the UE triggers the recovery, the UE autonomously activate PDCCH monitoring to receive the response to the recovery request
· Additionally, allow a UE to autonomously fallback from LP-WUS monitoring to PDCCH monitoring when the channel/beam quality is not satisfactory for successful LP-WUS reception


2.4	P-CSI/P-L1-RSRP measurement and report
For Rel-16 DCP, P-CSI/P-L1-RSRP report skipping was introduced by configuration. If the UE is configured to skip the report, the UE does not report it during the time that drx-onDurationTimer is not started in the current DRX cycle; otherwise the UE reports it. 

For Rel-19 LP-WUS in connected mode, similar mechanism should be introduced. There must be configurations to enable/disable skipping measurement report when a UE does not monitor PDCCH in the time duration indicated by drx-OnDurationTimer due to the absence of LP-WUS in the corresponding monitoring occasion(s). The skip configuration should at least be for periodic CSI, periodic L1-RSRP, and periodic L1-SINR report.

It is important to make sure that a UE reports CSI/BM right after the MR wakes up based on a LP-WUS detection so that link/beam adaptation enables quickly. PDCCH-based aperiodic CSI/beam reporting must be useful for this.

Proposal 4:
· Introduce RRC configuration enabling/disabling skipping of CSI/BM measurement reporting during the time that the UE does not monitor PDCCH
· At least for periodic CSI, periodic L1-RSRP, and periodic L1-SINR reporting

4. LP-WUS payload/content for CONNECTED mode
At RAN1#116 and RAN1#116bis, following agreements were made:
	Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]

Agreement
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)



Considering spectral efficiency of LP-WUS for OOK, it would not be a good idea to support large payload for LP-WUS. We think RAN1 can make X = 8 a working assumption for further discussion, where the value can be revisited if necessary.

As in [2], we think LP-WUS should be sequence or codepoint-based. Since UE-specific RRC configuration is available in connected mode, network can configure a UE to monitor any of one or multiple sequence(s)/codepoint(s) for LP-WUS by UE-specific RRC signalling. The UE can monitor the LP-WUS to see if the configured sequence(s)/codepoint(s) is/are transmitted on the LP-WUS monitoring occasion. The sequence/codepoint configuration should be for both OOK receiver and OFDM receiver. The number of sequence(s)/codepoint(s) that a UE can monitor for a LP-WUS can be up to UE capability.

For example, network can configure sequences or codepoints to monitor for a LP-WUS to the UEs monitoring the same LP-WUS as in Table 1. Each UE monitors 2 – 4 sequences/codepoints. Network can transmit any of the 5 sequences to trigger PDCCH monitoring for one or multiple UEs by the LP-WUS. 

Table 1 Example configurations of sequences/codepoints for UEs monitoring a LP-WUS
	Sequence or codepoint ID
	UE-1
	UE-2
	UE-3
	UE-4

	1
	
	
	X
	

	2
	X
	X
	
	

	3
	
	X
	X
	

	4
	
	
	X
	X

	5 (common)
	X
	X
	X
	X



For example, suppose a LP-WUS carries a bit sequence “1 0 0 1” using OOK with Manchester coding. The “1 0 0 1” is a bit sequence that triggers PDCCH monitoring for a particular UE or UE group configured by RRC. The overlaid OFDM sequence can be the sequence associated with the bit sequence “1 0 0 1” that triggers PDCCH monitoring for the same UE or UE group. Then the LP-WUS can trigger PDCCH monitoring for the UE or UE group using OOK WUR or OFDM WUR. 
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Fig. 5	Example LP-WUS waveform

Proposal 5:
· X = 8 as working assumption
· Revisit the value depending on the progress for idle/inactive mode, if necessary
· If LP-WUS is based on codepoint/sequence (not based on bit-map), for connected mode,
· UE is configured to monitor LP-WUS for one or multiple sequences that trigger PDCCH monitoring of the UE
· Maximum number of sequence(s) that the UE can monitor for a LP-WUS is per UE capability

5. Other aspects
4.1	Beam-forming for LP-WUS
Following FL proposal was discussed at RAN1#116 meeting:
	Proposal 7-1:
· Multi-beam operations are supported for LP-WUS for connected mode



LP-WUS itself must be able to be transmitted using a beam. This can be enabled by TCI state framework that has been specified in NR since Rel-15. More specifically, TCI state should be configured for LP-WUS so that the UE acquires SSB/CSI-RS that is QCLed with the LP-WUS. 

For PDCCH, TCI-state is configured per CORESET, and a UE can be configured to monitor PDCCH with one or multiple CORESETs with different TCI states. The TCI-state for a CORESET can be activated/deactivated by MAC-CE and an active TCI state can dynamically be indicated by a DCI in case unified TCI framework is enabled. The beam-forming for LP-WUS monitored in connected mode should follow the same.

Proposal 6:
· Support TCI state for LP-WUS in CONNECTED mode
· A LP-WUS is QCLed with the SSB/CSI-RS for the TCI state
· Re-use TCI-state framework for CORESET/PDCCH

4.2	Frequency location of LP-WUS
Once a LP-WUS triggers PDCCH monitoring, the UE start PDCCH monitoring in the active DL BWP of the serving cell using the MR. LP-WUS monitoring on a serving cell, at outside the active DL BWP of the serving cell in which the UE is going to monitor PDCCH, causes an effective switch of DL BWP from the UE perspective and may require extra switching delay/gap/interruption. As baseline, LP-WUS monitoring on a serving cell should be within active DL BWP of the serving cell for the MR that the UE is going to monitor PDCCH.

Proposal 7:
· As baseline, LP-WUS on a serving cell is configured within active DL BWP of the serving cell 
· FFS: outside active DL BWP of the serving cell (as optional UE capability)

4.3	Dual DRX-group
From Rel-16, dual DRX groups has been supported. A UE can be configured with different values of drx-onDurationTimer and drx-InactivityTimer for one DRX group and for the other DRX group. Long DRX cycle is common for both DRX groups. 

[image: ]
Fig. 6	Dual DRX groups

Rel-16 DCP was enabled only on PCell or PSCell and indicates to start drx-onDurationTimer of all the DRX groups. In other words, it was not possible to trigger PDCCH monitoring of different DRX groups independently. This is not beneficial for UE power saving. For Rel-19 LP-WUS in connected mode, per DRX group PDCCH monitoring triggering should be considered. There are two options to enable this:
· Opt.1: LP-WUS is configured to be monitored per DRX group
· Opt.2: LP-WUS carries an indication for which DRX group(s) it triggers PDCCH monitoring

Option 1 is enabled if LP-WUS is monitored in two different serving cells in different DRX groups. The LP-WUS in each serving cell is nothing to do with PDCCH monitoring for the cell(s) in the other DRX group. Option 2 is enabled without LP-WUS monitoring on multiple serving cells. However, it has to reserve a couple of bits in the LP-WUS to indicate DRX group. Further study is necessary on which option to support.

Proposal 8:
· Support LP-WUS monitoring with dual DRX groups
· Opt.1: LP-WUS is configured to be monitored per DRX group
· For dual DRX groups, LP-WUS monitoring is configured per DRX group
· LP-WUS monitored on a cell within a DRX group triggers PDCCH monitoring on the cell of the DRX group
· Opt.2: LP-WUS carries an indication for which DRX group(s) it triggers PDCCH monitoring


6. Conclusion
In this contribution, we share our views on LP-WUS in connected mode and provided following proposals and observations.

Observation 1:
· LP-WUS monitoring with Option 1-1 in connected mode offers significant power saving gain for FR2 

Proposal 1:
· At least support Option 1-1
· Further study Option 1-2 and Option 1-3 to see their performance benefits and standardization impacts

Proposal 2:
· Minimum time gap between LP-WUS reception and MR to start PDCCH monitoring is further discussed once the other details such as LP-WUS design, PDCCH triggering procedure, etc, are clear

Observation 2:
· For Option 1-1, additional activation/deactivation signalling or additional timer is not necessary/essential for LP-WUS procedure in connected mode

Proposal 3:
· Confirm that a UE can trigger recovery from beam failure or radio link failure even when the UE monitors LP-WUS and does not monitor PDCCH
· Once the UE triggers the recovery, the UE autonomously activate PDCCH monitoring to receive the response to the recovery request
· Additionally, allow a UE to autonomously fallback from LP-WUS monitoring to PDCCH monitoring when the channel/beam quality is not satisfactory for successful LP-WUS reception

Proposal 4:
· Introduce RRC configuration enabling/disabling skipping of CSI/BM measurement reporting during the time that the UE does not monitor PDCCH
· At least for periodic CSI, periodic L1-RSRP, and periodic L1-SINR reporting

Proposal 5:
· X = 8 as working assumption
· Revisit the value depending on the progress for idle/inactive mode, if necessary
· If LP-WUS is based on codepoint/sequence (not based on bit-map), for connected mode,
· UE is configured to monitor LP-WUS for one or multiple sequences that trigger PDCCH monitoring of the UE
· Maximum number of sequence(s) that the UE can monitor for a LP-WUS is per UE capability

Proposal 6:
· Support TCI state for LP-WUS in CONNECTED mode
· A LP-WUS is QCLed with the SSB/CSI-RS for the TCI state
· Re-use TCI-state framework for CORESET/PDCCH

Proposal 7:
· As baseline, LP-WUS on a serving cell is configured within active DL BWP of the serving cell 
· FFS: outside active DL BWP of the serving cell (as optional UE capability)

Proposal 8:
· Support LP-WUS monitoring with dual DRX groups
· Opt.1: LP-WUS is configured to be monitored per DRX group
· For dual DRX groups, LP-WUS monitoring is configured per DRX group
· LP-WUS monitored on a cell within a DRX group triggers PDCCH monitoring on the cell of the DRX group
· Opt.2: LP-WUS carries an indication for which DRX group(s) it triggers PDCCH monitoring
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8. Appendix: FR2 coverage analysis
Here we assume that the scenario of this analysis is FR2 with the following parameters. 

Table A-1	Parameters for LP-WUS coverage analysis on FR2
	Parameter
	Msg 3 PUSCH (UL)
	LP-WUS (DL)

	BS number of antenna elements
	256

	UE number of antenna elements
	8

	TxRU
	-
	2

	Power spectrum density
	-
	40dBm per system bandwidth

	Transmission power
	23dBm
	-

	Occupied bandwidth
	2PRBs
	12PRBs

	System bandwidth
	-
	100MHz

	RxRU
	2
	-

	Antenna element gain
	5dBi for Tx
8dBi for Rx
	8dBi for Tx
5dBi for Rx

	Thermal noise density
	-174dBm/Hz



Based on the link budget template in TR38.830 Section A.3, we compute MIL for Msg3 PUSCH and MIL for LP-WUS and derive the condition that LP-WUS coverage matches with msg-3 PUSCH coverage, , as:

		(A-1)

where  and  are the required SNRs for achieving target performances of LP-WUS in DL and msg-3 PUSCH in UL, respectively.  and  represent the noise figures of BS and UE, respectively.  and  can represent any types of losses, e.g., cable losses, body loss, feeder loss, antenna gain correction(s), etc.

From the above equation, it is observed that LP-WUS in DL has 1.6dB margin compared to msg-3 PUSCH in UL. The margin can be used to compensate for the difference of required SNRs for DL and UL, noise figures for UE and BS, implementation losses for UE and BS, etc. 

As an example, for , we can pick -4.6dB from Table 2-10 in Annex B of TR38.830. For , we can derive the value based on a link-level simulation. Here, LP-WUS with OOK-1 over 12 PRBs is assumed. At the UE, OFDM based LP-WUR is used. From the simulation,  for achieving 1% miss-detection and false-alarm is observed as roughly -8dB for 1 bit on one OFDM symbol. The identified required SNR is valid for N bits on N OFDM symbols without Manchester coding and on 2N OFDM symbols with Manchester coding.
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Fig. A-1	Miss-detection and false-alarm performance of LP-WUS

Assuming  and , the inequality in (A-1) is met with a certain margin. If RHS of (A-1) is smaller due to imbalances of noise figure and/or losses between BS and UE, it is possible to reduce  by proper LP-WUS design.

Observation A-1:
· It is possible to design LP-WUS such that it can meet msg-3 PUSCH coverage in FR2. 
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If a UE reports for an active DL BWP a MinTimeGap value that is X slots prior to the beginning of a slot where the UE
is not required to monitor PDCCH for detection of DCI format 2_6 during

would start the drx-onDurationTimer, the U
the X slots, where X corresponds to the MinTimeGap value of the SCS of the active DL BWP in Table 10.3-1.

Table 10.3-1 Minimum time gap value X

Minimum Time Gap X (slots)

) Value 1 ?Iallfe 2 )

15 1 3

30 1 6

60 1 12

120 2 24

480 8 96

960 16 192
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