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[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]Energy efficiency is even more critical for UEs with more and more vertical applications in 5G systems, In this SID[1], low power wake-up signal and receiver will be studied for further power saving of NR UE. In this contribution, considerations on L1 design and procedure are included.
	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 


Discussions
On LP-WUS signal design
Signal type
[bookmark: OLE_LINK12]In the last RAN1 meeting, serval LR receiver architectures has been discussed and all of them are considered suitable for OOK modulation. OOK is a simple modulation that can be detected using envelope detection which has a very lower level of power consumption. Besides OOK, FSK and OFDM-based signals are also studied. Compared with these two signal types, OOK-based receivers have much lower power consumption which is very suitable for LP-WUS, but the sensitivity of OOK receivers is usually lower than the other type of signals receivers. MC-OOK has been accepted by 802.11ba as the wake-up signal of the wireless node, but the coverage requirement and deployment scenarios have great differences between WLAN and WWAN. The application of the OOK signal in a cellular network needs more study.
Proposal 1: Study MC-OOK for LP-WUS signal in cellular network
Resource and multiplex
In LTE, sequence-based WUS can be used to wake up MTC-UE for the paging monitor. One LTE-WUS is composed of a ZC sequence mapping to 2 consecutive PRBs and 11 symbols, and WUS with different ZC sequences can be multiplexed in one resource for different POs or UEs, or UE groups. In NR, PEI signal can be used to indicate UE or UE groups to monitor or skip the associated PO, and the PEI is carried by PDCCH which has flexible resource allocation within the initial BWP. In 802.11ba, each WUS symbol composes 13 subcarriers with SCS 312.5kHz and occupies about 4MHz channel bandwidth. The target node ID is included in the PPDU which is carried in the OOK data stream and the symbol number for one WUS is not fixed. Comparing the WUS designed for WLAN network, the WUS in a cellular network needs more flexibility to adopt different deployments. 
NR cells can be deployed in a wide bandwidth range of 5MHz to 100MHz in the FR1 band and 50MHz to 400MHz in the FR2 band. LP-WUS can be designed with one type of basic waveform and FDM multiplexed in the frequency domain to accommodate cell bandwidth. For FR1 band, the bandwidth of one LP-WUS signal should be less than 5MHz to accommodate the cells with only 5MHz bandwidth. For FR2, higher bandwidth WUS can improve robustness to interference and fading, helping to simplify low-power receiver design. Whether the frequency resources are contiguous or comb requires more study along with the receiver architecture.
[bookmark: OLE_LINK11][bookmark: OLE_LINK35]In the NR Cell, the UE should keep frame synchronization with gNB and read the tdd-ul-DL-ConfigurationCommon in SIB1 to get slot and symbol directions. For a LP-WUS receiver (LR), we may have some assumptions: LR can have separate RF/BB modules independent of MR; LR does not need to do DL-UL switching; LR may have the low timing accuracy and marked absolute timing offset from gNB. Based on these, the LR needn’t assume symbol status according to slot configuration and may suppose any symbol in the slot can be used for WUS transmission. It may be beneficial for short latency and resource allocation flexibility especially when the gNB has the full-duplex capability.
Proposal 2: The bandwidth of one LP-WUS signal should not be larger than 5MHz.
Proposal 3: The LP-WUS signal should be designed with flexibility for different deployments.
Proposal 4: LP-WUS should not be constrained by the semi-static slot configuration.
On Procedures
Action for monitor WUS
[bookmark: OLE_LINK29][bookmark: OLE_LINK138]In NR R15/16/17, a number of power-saving solutions have been studied and evaluated, including DCI-based DRX active indications for connected UE, DCI-based paging early indications for PO monitoring, eDRX with longer sleep times, cross-slot scheduling, etc., LTE support using WUS or group WUS to wake up UE for paging monitoring. 
	schemes
	signals
	UE states
	procedures

	DCP
	DCI format 2_6
	Connected UE
	UE monitor type3 CSS for DCI format 2_6 and follow the indication to monitor or skip PDCCH and PDSCH in the next DRX period.

	PEI
	DCI format 2_7
	Idle/inactive UE
	UE monitor type2A CSS for DCI format 2_7 and follow the indication to monitor or skip PDCCH in the next paging occasion.

	LTE WUS
	WUS Sequence
	Idle UE
	UE monitors WUS/GWUS, Upon detecting either of them, UE shall monitor the next one or multiple POs. if missed one WUS occasion, UE should monitor every PO until the start of the next WUS. 



LTE WUS and PEI are designed to indicate whether an idle/inactive UE shall monitor associated POs. LP-WUS can also be used to wake up a UE to monitor associated one or more POs. In addition, LP-WUS may provide more information for new UE actions. For example, SDT instructions can be included in LP-WUS messages, and the associated UE can do SDT after receiving WUS. For LP-WUS applications on connected UEs, the UE can monitor or skip one or more PDCCH monitor occasions based on the indication in WUS.
[bookmark: OLE_LINK30]Proposal 4: Study the UE actions after being waked up by LP-WUS
Synchronization
[bookmark: OLE_LINK7]Since LR and MR have different working states, one question is whether LR should monitor the SSB for accurate frame synchronization. LR may be less complex if synchronization is not required, but the timing between WUS and MR signal monitoring after wake-up will be more uncertain.
Proposal 5: Study the synchronization between LR and MR
Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Study MC-OOK for LP-WUS signal in cellular network
Proposal 2: The bandwidth of one LP-WUS signal should not be larger than 5MHz.
Proposal 3: The LP-WUS signal should be designed with flexibility for different deployments.
Proposal 4: LP-WUS should not be constrained by the semi-static slot configuration.
Proposal 5: Study the synchronization between LR and MR
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