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1	Introduction
In this contribution, we present our view on the LP-WUR operation in CONNECTED mode. In RAN1 #116 bis, the following agreements have been reached.
	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




[bookmark: _Ref178064866][bookmark: _Hlk142644764]2	LP-WUR operation in RRC-CONNECTED 
According to WID at least duty-cycled LP-WUS monitoring is supported [1]. Continuous monitoring can be considered as a special case of duty-cycled monitoring with short duty-cycle length. Meanwhile, continuous monitoring of LP-WUS by LP-WUR can lead to higher chance of false wake up of the MR which in turn leads to higher overall power consumption at the UE. In our view, there is no need to specify continuous monitoring of LP-WUS for Rel19. 
[bookmark: _Toc166244160][bookmark: _Toc166250563]Only duty-cycled LP-WUS operation is supported in Rel-19.
[bookmark: _Toc118667254][bookmark: _Toc127356105][bookmark: _Toc157508127]According to the agreement in RAN1 #116, the reception of LP-WUS will trigger the MR to wake up to monitor PDCCH, with or without C-DRX configuration. For Option 1-1 in case 1, the complexity and specification impact will be minimized (applicable principles from Rel-16 DCP can be reused) while still achieving power saving gain, compared with other options and cases. The open issue is how to set the configuration parameters for WUR operation. This is a configurational aspect which is left to RAN2 but at least a new WUS-PDCCH time offset must be specified for Connected WUR. The rest of the parameters can follow legacy drx-config that provides a wide range of parameters, e.g., short duty cycle, short inactivity timer, etc, which could accommodate almost all the use cases. 
As mentioned in the agreement, Option 1-2-1 needs to be configured together with Option 1-1 and the combination of Option 1-1 and Option 1-2-1 is actually the same as Option 1-1 with shorter DRX cycle length configuration. Therefore, we think that there is no need to list Option 1-2-1 separately. For Option 1-2-2, it will cause significant complexity and impacts RAN2 aspects. Meanwhile, the performance of Option 1-2-2 is also similar as Option 1-1 configured with frequent DRX cycle. 
[bookmark: _Toc166250568]Observation 1	Option 1-1 with configured with frequent DRX cycle can achieve most of the gains achievable by Option 1-2 without the additional complexity.
The use case for Option 1-3 is limited to traffic with jitter, e.g., XR traffic, where the power saving gain of WUS is minor. Meanwhile, for both Option 1-2 and 1-3, similar performance can be achieved with Option 1-1 by configuring a shorter C-DRX cycle-length. Moreover, as the current CSI and RRM measurement reporting as well as legacy power saving mechanisms are linked with C-DRX operation, a different PDCCH monitoring trigger by LP-WUS will result in big specification impact. Therefore, we propose to only discuss Option 1-1 in Rel-19 WI.
[bookmark: _Toc166244161][bookmark: _Toc166250564]Support Option 1-1: LP-WUS monitoring for connected mode is configured only when C-DRX is configured. LP-WUS detection triggers PDCCH monitoring by starting drx-OnDurationTimer (configuration details can be discussed further RAN2). 
Rel16 DCP (which was PDCCH-based) had similar overhead and coverage as regular PDCCH monitoring. However, for LP-WUS, the achievable link performance and overhead vary significantly compared to PDCCH as shown in Table 1 and Table 2 below.   
Table 1: WUS resources required to match msg3-PUSCH coverage (5 MHz WUS bandwidth).
	WUS payload (modulation)
	Msg3, no rtx 
	Msg3, two rtx 

	1bit (OOK, sequence-based)
	18 symbols
	5 slots

	8bit (OOK1, payload-based, +10 bits CRC)
	6 slots
	25 slots

	16bit (OOK1, payload-based, +10 bits CRC)
	9 slots 
	36 slots 

	1bit (OFDM, SSS-based time-correlation)
	2 symbols 
	5 symbols

	8bit (OFDM, SSS-based time-correlation)
	3 symbols
	7 symbols

	Note1: MDR = 1% and FAR = 0.1% assumed for above comparison. 
Note 2: When duration is given in slots, all the symbols in a slot are assumed to be available for WUS.
Note 3: For Msg-3 PUSCH, 2 PRBs, 56 bits TBS, 14 OFDM symbols are assumed per slot.




Table 2 – Example overhead comparison between LP-WUS and PDCCH
		PDCCH transmission

	Aggregation level
	Overhead (#REs)

	1
	72

	2
	144

	4
	288

	8
	576

	16
	1152



		LP-WUS transmission (12 PRB BW)

	WUS duration (# symbol)
	Overhead (#REs)

	4
	576

	7
	1008

	14 (1 slot)
	2016

	28 (2 slots)
	4032

	98 (7 slots)
	14112






For RRC connected mode, the necessary LP-WUS monitoring parameters for the UE will be configured via dedicated RRC signaling. Whether an additional L1/L2 mechanism is needed to activate/deactivate LP-WUS monitoring depends on the conclusion of high-level procedures. Also, it needs further study of the potential new signaling and the study should consider whether such signaling can provide overhead saving for gNB.
[bookmark: _Toc166244162][bookmark: _Toc166250565]LP-WUS monitoring is activated/deactivated via dedicated RRC signaling.
Also, as it can be seen from Table1, WUS duration of multiple tens of slots is required for payloads larger than 8 bits to cover cell edge UEs. Given this, LP-WUS payload size for RRC connected mode should be kept small (e.g., not more than 8 bits). Several options for mapping LP-WUS payload in connected mode were identified in RAN1#116bis and further study is needed on how to support RRC connected mode operation with small payload size per LP-WUS transmission.
[bookmark: _Toc166244163][bookmark: _Toc166250566]Further study how to support LP-WUS operation RRC connected mode with small payload size per LP-WUS transmission (e.g., no more than 8 bits).
For Option 1-1, whether the gNB configures the UE to use DCP or LP-WUS in Connected may depend on different conditions, e.g., resource overhead, LP-WUS coverage in the cell, if the UE supports WUR or DCP, etc. For DCP and LP-WUS, the benefit of using DCP and LP-WUS in a 2-step or tandem approach is not clear and in contrast, it would only increase the latency, create unwanted interdependencies of different features, and additional cost/complexity to implement the feature. 
For Option 1-2-2, since PDCCH monitoring is not triggered by C-DRX cycle and onDurationTimer which DCP serves, there is no coexistence issue in this case.   
[bookmark: _Toc166244164][bookmark: _Toc166250567]LP-WUS and DCP are independent features which should not be configured simultaneously.
For Option 1-1, since legacy onDurationTimer is triggered by LP-WUS, there is no issue on the coexistence with existing power saving techniques used during Active Time of C-DRX, e.g., PDCCH skipping, SSSG switching. However, if a separate PDCCH monitoring occasion is triggered by LP-WUS, e.g., as in Option 1-2-1 and Option 1-2-2, adopting existing power saving techniques to the new PDCCH monitoring occasion will create further specification impact.
[bookmark: _Toc166250569][bookmark: _Toc158122359]Observation 2	There is no issue for Option 1-1 on coexistence with existing power saving techniques like PDCCH skipping and SSSG switching. While for Option 1-2-1 and Option 1-2-2, it will cause specification impact.  
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Option 1-1 with configured with frequent DRX cycle can achieve most of the gains achievable by Option 1-2 without the additional complexity.
Observation 2	There is no issue for Option 1-1 on coexistence with existing power saving techniques like PDCCH skipping and SSSG switching. While for Option 1-2-1 and Option 1-2-2, it will cause specification impact.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Only duty-cycled LP-WUS operation is supported in Rel-19.
Proposal 2	Support Option 1-1: LP-WUS monitoring for connected mode is configured only when C-DRX is configured. LP-WUS detection triggers PDCCH monitoring by starting drx-OnDurationTimer (configuration details can be discussed further RAN2).
Proposal 3	LP-WUS monitoring is activated/deactivated via dedicated RRC signaling.
Proposal 4	Further study how to support LP-WUS operation RRC connected mode with small payload size per LP-WUS transmission (e.g., no more than 8 bits).
Proposal 5	LP-WUS and DCP are independent features which should not be configured simultaneously.
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