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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 will be studied for further power saving of NR UE. In the previous RAN1-meeting[2], some aspects of LP-WUS design have been discussed for further study:
	Agreement
· Study generation and link performance of multi-carrier (MC)-ASK (including OOK) waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS. 
· Note that above does not preclude DFT-S-OFDMA 
· [bookmark: OLE_LINK8]Study generation and link performance of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS.
· Study link performance of OFDMA-based signals/channels considering at least the existing signal/channel structure (e.g. CSI-RS, SSS)
· Other signal/channel structures are not precluded
· For next meeting, companies to provide input on aspects to consider that might impact link performance

Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI

Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)



In this contribution, more considerations on LP WUS design and procedure are included.
Discussion
considerations on LP-WUS signal design
Waveform
[bookmark: OLE_LINK19][bookmark: OLE_LINK23]Three types of LP-WUS waveforms are proposed for further study: MC-ASK, MC-FSK, and OFDMA-based signals. Both MC-ASK or MC-FSK waveforms can support non-coherent receivers, which have a simpler structure and lower power consumption than coherent receivers required for traditional signals. However, these two types of signals are not compatible with current signal types, and additional effort is required to enable the signal to coexist with existing channels. OFDMA-based WUS signals can be embedded into current systems with minimal impact and have the best sensitivity performance among these three types of signals, but require coherent detection, which is not conducive to the implementation of low-power receivers. And for this type of waveform, sequence-based signals may be the only option if we do not want to see another DCI format 2_x for LP-WUS. Since sequence-based signals can only carry limited information, which limits the design room of LP-WUS, priority can be given to studying the other two waveforms that still maintain greater degrees of freedom for LP-WUS.
Proposal 1: MC-ASK and MC-FSK should be studied as LP-WUS waveforms with higher priority.
Resource allocation
[bookmark: OLE_LINK24]Resource allocation, including bandwidth and symbols for WUS, should consider a number of aspects. First, it needs to consider the size of the content carried in an LP-WUS. One LP-WUS may be associated with a different number of UEs or UE groups depending on the cell’s capacity, so there may be various requirements for resource allocation for one LP-WUS. For example, an LP WUS in a large cell serving for more UEs may need to contain more content than in a small cell and then require more symbols or wider bandwidth. Second, the coverage requirements for LP-WUS vary from scenario to scenario. We can assume that the coverage of LP-WUS will be consistent with the paging PDCCH. Generally, gNB can select the appropriate aggregation level for paging PDCCH according to the coverage requirements. Similar adaptions are also suitable for LP-WUS resource allocation, and LP-WUS should be designed to be flexible enough for different coverage needs.
For LP-WUS applications with idle/inactive UEs, the gNB may not know which beam is best for UE reception. Similar to the resource allocation of paging PDCCH, beam sweeping can also be applied for LP-WUS transmissions, and the UE can monitor either of them per one LP-WUS occasion.
[bookmark: OLE_LINK25]Proposal 2: Resource allocation for LP-WUS should keep flexible with configurable bandwidth and symbols.
Proposal 3: At least for idle/inactive UE, the LP-WUS should support beam sweeping.
Requirements for MDR and FAR
[bookmark: OLE_LINK29]In the discussion of the performance evaluation of LP-WUS, it is assumed that the miss-detection rate (MDR) is 1%, and the false alarm rate (FAR) can be evaluated by choosing from three typical values [0.1%, 1%, 10%]. the MDR value affects the latency expectation of wakeup. If UE misses an LP-WUS, the delay will extend the duration of one WUS monitor occasion. The average delay will be T is the duration of one WUS monitor occasion. the normalized average delay- MDR mapping is shown in figure 1. 
[image: ]
Figure 1: normalized average delay - MDR mapping
[bookmark: OLE_LINK31]We can see that the average latency increases flatteningly as the MDR increases. On the other hand, smaller MDRs may require higher performance, higher power consumption, and more complex equipment, which is not expected in this study. We believe that the MDR of LP-WUS is set to be the same as PDCCH with a value of %1 is reasonable and a more relaxed MDR can be also acceptable.
The value of FAR is related to the power-saving gain that can be obtained using this feature. If the MR is often woken up by false alarms, the WUS signal will be meaningless in terms of power saving, so we believe that LP-WUS should consider a smaller FAR,i.e. 0.1%. LP-WUS can take two types of potential structures: message-based WUS and sequence-based WUS. Message-based WUS can carry payloads with indication fields and attach CRCs for false alarms. and we can choose CRC length to control the FAR level easily. Sequence-based signals require the selection of the appropriate sequence type and sufficient length to match the requirements of FAR. A reference signal can be PRACH preamble whose FAR is required to be less than or equal to 0.1% under certain conditions. To reach the same FAR requirement, the LP-WUS sequence length should not be less than the shortest PRACH preamble.
Observation 1: The MDR can be relaxed furtherly.
Observation 2: if message-based WUS is selected, CRC should be appended and the CRC size depends on the FAR requirement of LP WUS. If sequence-based WUS is selected, the length of the sequence depends on the FAR requirement of LP WUS.
Procedures for LP-WUS
[bookmark: OLE_LINK33]According to SID, the study is primarily to target low-power WUS/WUR for power-sensitive, small devices, including IoT use cases and wearables. These devices are typically used for periodic data transformation and remain idle most of the time. For other scenarios, such as XR, it is not so urgent because the power for the communication module in these devices only occupies a small fraction of the total power consumption.
Proposal 4: LP-WUS for idle/inactive UE should be prior in the study. 
[bookmark: OLE_LINK30]Regarding the LP WUS monitoring, two modes can be considered. In mode one, LPR can always switch on and monitor LP-WUS using a sliding window in the time domain. Once the UE captures a valid signal, the UE can wake up the MR for post-processing. In this way, there can be less latency and the timing between LR and gNB can be relaxed, favoring the complexity of the LR receiver. Another way is that UE only periodically monitors LP-WUS in a special window and will stay asleep outside the window. In this way, the timing requirements are higher than the first mode. Because, once the UE window does not match the gNB window due to UE timing drift, UE will miss this monitor occasion. In this mode, the average power consumption of the LR can be lower because the average power will be calculated over the entire cycle, which is more attractive in this feature. The gNB can be configured with a suitable period to control the average delay of the wake-up signal response to fit the requirement.
[bookmark: _GoBack]Proposal 5: Support periodic-on mode for LP-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 latency 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 provided or not provided with eDRX.
For idle/inactive UEs, after being woken up by WUS, the UE can monitor the associated PO for more actions. In SID, the aim is to investigate ultra-low-power mechanisms that can support low latency in Rel-18, such as lower than eDRX latency. To reduce receiver complexity, the spectrum efficiency of LP-WUS may be lower than signals in NR, and achieving better coverage and latency with a lower spectrum efficiency will cost more resources. We should get a balance between system overhead and performance requirements, e.g one LP-WUS occasion can cover multiple paging cycles to avoid too much resource occupation. It takes more latency but can also meet the requirement for this study.
proposal 7: The performance and overhead should be compromised for LP-WUS design.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: The MDR can be relaxed furtherly.
Observation 2: if message-based WUS is selected, CRC should be appended and the CRC size depends on the FAR requirement of LP WUS. If sequence-based WUS is selected, the length of the sequence depends on the FAR requirement of LP WUS.
Proposal 1: MC-ASK and MC-FSK should be studied as LP-WUS waveforms with higher priority.
Proposal 2: Resource allocation for LP-WUS should keep flexible with configurable bandwidth and symbols.
Proposal 3: At least for idle/inactive UE, the LP-WUS should support beam sweeping.
Proposal 4: LP-WUS for idle/inactive UE should be prior in the study. 
Proposal 5: Support periodic-on mode for LP-WUS monitoring.
Proposal 6: Unified procedure can be considered for UEs provided or not provided with eDRX.
proposal 7: The performance and overhead should be compromised for LP-WUS design.
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