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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 the SID[1] for further UE enhancement, low power wake-up signal and receiver are studied for further power saving of NR UE. In the last RAN1-meeting[2], some aspects of LP-WUS design have been discussed for further study, and in this contribution, more considerations on LP-WUS design and procedure are included.
Discussion
LP-WUS design
LP-WUS structure
In RAN1-112b-e, some structures for LP-WUS are listed for further study.
	Agreement
· Study further following alternatives to carry the LP-WUS information using: 
· Alt 1: by sequence(s) detection/selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without other bits (e.g. CRC/FCS)
· Other alternatives are not precluded
· Study whether LP-WUS information needs to be preceded by known one or more sequence(s).




[bookmark: OLE_LINK23][bookmark: OLE_LINK106][bookmark: OLE_LINK11]For Alt1, a wake-up signal can be one of a series of sequences with good self-correlation and cross-correlation properties. gNB can use different sequences to wake up UEs in the associated group. For example, if there are N UE groups associated with one WUS resource, then N different sequences detected in the resource can be used to wake associated UE groups. If additional information, such as SI change or ETWS also can be included in WUS, the sequence number can be extended with combinations with wake-up indications. An example is illustrated in the following table: 
	Sequence index
	descriptions

	0
	Waking up signal for group 1

	1
	Waking up signal for group 2

	…
	…

	N-1
	Waking up signal for group N

	N
	Waking up signal for all groups

	N+1
	Waking up signal for all groups + others info for UEs



[bookmark: OLE_LINK107]In addition, considering the practicable ADC bit width of low power receivers, the sequence can be a series of binary bits, e.g., a PN sequence, and CDM of different sequences in a WUS resource should not be supported.
[bookmark: OLE_LINK108]Compared with Alt1, Alt2 using encoded bits can provide more flexibility in transmitting waking-up indications. Similar to PEI, the waking-up info for different UE groups can be arranged sequentially and use 0/1 to indicate whether a UE group is waked. Wake-up indications for different groups can be freely combined, and sub-group indications can also be supported to reduce unnecessary wakes if there is sufficient capacity in the WUS. Additional information can also be appended easily. 
	Waking up signal for group 1
	Waking up signal for group 2
	…
	Waking up signal for group N
	other information
	CRC



[bookmark: OLE_LINK109]For Alt2, CRC bits should be added to lower the FAR. And the CRC bits can also be scrambled for cell identification. Some simple channel coding, e.g., convolutional code or Reed-Muller code can also be considered for encoded-bit based WUS to reach the link budget of different scenarios.
Observation: Encoding bit-based WUS offers more flexibility than sequence-based WUS in terms of information composition.
Proposal 1: CRC should be included in encoded-bits-based WUS.
In addition, these two types of schemes can also be combined for WUS signals. For example, the first part of the sequence can indicate the UE group ID and can act as a preamble for synchronization. The second part uses encoded bits to indicate sub-information for the associated group. In this way, we can design a more robust and flexible WUS.
LP-WUS resource
[bookmark: OLE_LINK111]For LP-WUS resource configuration, RAN1 agrees that LP-WUS and other signals/channels used by MR should be in the same frequency band, and whether they must be in the same carrier requires further study.
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)




We believe that limiting the LP-WUS and other signals for MR to always be in the same carrier may be beneficial to simplify the receiver structure and should be supported. 
[bookmark: OLE_LINK3]For the configuration of LP-WUS in the carrier, CSI-RS can be a reference. There are two parameters in CSI-RS frequency occupancy IE: the StartingRB is the PRB where this CSI resource starts in relation to the common resource block #0 (CRB#0) on the common resource block grid; the Number of PRBs across RBs that this CSI resource spans. Similar methods can be used to locate LP-WUS resources in the carrier without reference to BWP, i.e., using StartingRB and Number of PRBs for LP-WUS frequency configuration.
Proposal 2: LP-WUS can use StartingRB and Number of PRBs for frequency location in a carrier.
LP-SS design
[bookmark: OLE_LINK71]Since LP-WUS receivers have lower clock accuracy than MR receivers, periodic T/F calibration is required to keep timing errors within the appropriate range. In the last meeting, both aperiodic and periodic signals were discussed for synchronous signals. In our view, periodic signals transmitted separately from LP-WUS can be better for LP-WUR synchronization. With this option, the LP receiver can calibrate its clock periodically. The period of LP-SS can be configured much larger than SSB to reduce the power consumption of gNB.
There are other advantages to using separate signals as a sync signal. All UE groups can share the separate LP-SS, which does not depend on how to map WUS resources with UE groups. On the other hand, periodic LP-SS can be used for RRM. Therefore, we believe that it should consider periodic separate signals for LP-SS. 
Proposal 3: Support periodic LP-SS transmitted separately from LP-WUS.
[bookmark: OLE_LINK76]The waveform of LP-SS may be the same or different from LP-WUS, however, we believe that coverage should be consistent between them. With this assumption, UE can determine the WUS’s validity by detecting the quality of LP-SS and can switch the working mode of the LP receiver accordingly. If the LP-SS cannot be detected under a certain threshold, UE should exit LP mode and monitor the paging PDCCH by default.
[bookmark: OLE_LINK117]Proposal 4: LP-SS should keep the same coverage as LP-WUS.
Procedures for LP-WUS
[bookmark: OLE_LINK114][bookmark: OLE_LINK113][bookmark: OLE_LINK30]In RAN1-112b-e, the monitoring behaviours of LP-WUR were discussed, and the majority support configurable duty-cycled based LP-WUS monitoring. In this mode, UE only periodically monitors LP-WUS in a special window and will stay asleep outside the window, the average power consumption of the LR can be lower because the average power will be calculated over the entire cycle, which is attractive in this feature. 
[bookmark: OLE_LINK115]The gNB can be configured with a suitable period to control the average delay of the paging response. For idle/inactive UEs, after being woken up by WUS, the UE can monitor the associated PO for more actions. According to the SID, the purpose of this study is to investigate ultra-low-power mechanisms that can support Rel-18 low latency, such as lower than eDRX latency. For example, an LP-WUS occasion can cover more than one paging cycle to avoid excessive resource consumption and still meet the requirement for latency less than the minimum eDRX duration.
Proposal 5: Support periodic-on mode for WUS monitoring.
[bookmark: OLE_LINK34]In NR, idle UEs should monitor POs in each DRX paging cycle. If eDRX is provided, UE only monitors POs in PTW within a longer eDRX cycle, and the average latency of paging response will depend on eDRX duration. We think that we can consider a uniform procedure for eDRX UEs and other idle/inactive UEs, where the average latency will be between DRX and eDRX.
[bookmark: OLE_LINK35]Proposal 6: Unified procedure can be considered for UEs with or without eDRX configuration.

Conclusion
In this contribution, we have the following observations and proposals:
Observation: Encoding bit-based WUS offers more flexibility than sequence-based WUS in terms of information composition.
Proposal 1: CRC should be included in encoded-bits-based WUS.
Proposal 2: LP-WUS can use StartingRB and Number of PRBs for frequency location in a carrier.
Proposal 3: Support periodic LP-SS transmitted separately from LP-WUS.
Proposal 4: LP-SS should keep the same coverage as LP-WUS.
Proposal 5: Support periodic-on mode for WUS monitoring.
Proposal 6: Unified procedure can be considered for UEs with or without eDRX configuration.
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