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1. [bookmark: _Toc120549591]Introduction
In the last meetings, some basic principles were agreed with respect to the following aspects [1], waveform modulation, synchronization methods, monitoring behaviors, etc. In this contribution, we would like to share our further views on these topics. Here are following discussion.
2. Discussion 
2.1 Waveform and modulation
	[bookmark: OLE_LINK42][bookmark: OLE_LINK41]Agreement
Study further methods to modulate input signal of the DFT/Least-Square block for OOK-4, and methods to modulate input signal of N SCs for other MC-ASK/FSK schemes
· study methods with respect to 
· improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
· impact to dynamic range of RE power in frequency domain
· FFS: impact to PAPR of generated time domain modulated MC-ASK/FSK symbol
· improving robustness to timing error necessary spectrum adjustment for compatibility with CP-OFDM generation




During the last meeting, OOK-1, OOK-2, OOK-4 have been prioritized for study with high proposal. Among them, we prefer to support multi-bit options over single-bit options. Although the single-bit scheme is the simplest LP-WUS generation way, it has a strict demand for the data rate to meet the efficiency requirements of LP-WUS. The OOK-2 and OOK-4 with the multi-bit scheme can improve resource efficiency by adjusting the M sizes. Considering the cost of the structure, we prefer to pay more attention to analyzing the performance of OOK-4, due to OOK-2 needs multiple parallel receivers and corresponding sub-carrier filter which may increase the complexity of the LP-WUR, which violates the design principle. 
Proposal 1. Support Option OOK-4 as the waveform for LP-WUS. 
Above all, based on OOK-4 we simulated the performance with various data rates under TDLC-300 channel with 4.68MHz BW, as shown in Figure 1. I It is easy to observe that an increase in data rate will affect BER of LP-WUS, especially when reach 8, which may lead to the degradation of LP-WUS performance. Therefore, considering the stability of LP-WUS, we prefer to considering to restrict the data rate is no bigger than 4 bits per symbol to balance the quality and the efficiency of LP-WUS transmission.
Proposal 2. Maximum M=4 can be considered for OOK-4 based LP-WUS. 
[image: 19c9d85549f8ff8741fbb94ce500d0e]
Figure 1 BER performance under different M values for OOK-4 based LP-WUS
In addition, in order to decrease the impact of PAPR, the Zad-off Chu(ZC) sequence can be considered as an approach to generate LP-WUS. ZC sequence also has a good auto-correlation which also benefits synchronization. To compare the performance of the ZC sequence to all one sequence, we simulate Figure 2 with the same configuration as Figure 1 except for ZC sequence changes. It is obvious the ZC sequence is also sensitive to the data rate changes but this sequence is more robust than all one sequence especially when the data rate increments.
Proposal 3. ZC sequence can be considered to flatten the spectrum of LP-WUS. 
2.2 Bandwidth location
	Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs

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)




The first issue needs discussion is whether the bandwidth location is flexible or fixed. The advantage of the LP-WUS bandwidth at a certain location is a lower requirement for the hardware and easier to implement than flexible location. The disadvantage of bandwidth restriction is it will cause the scheduling restriction when multiplexing with other NR signals. Therefore, the flexible location of LP-WUS is necessary to improve resource utilization efficiency and is more reasonable to be supported. 
If the LP-WUS is configurable within carrier/BWP in a band, another issue that needs discussion is whether the LP-WUS should always be confined within the initial DL BWP. Generally speaking, the size of the initial DL BWP is limited and precious. Much essential information such as the SSB, SIB1, RMSI, is contained in the initial DL BWP for the initial access process. Due to the LP-WUS being a low-efficient signal, it is unnecessary to occupy the limited BWP resource. However, the LR can transmit independently of MR. When LP-WUS transmitting separately, the LP-WUS bandwidth can be flexibly located inside or outside the initial DL BWP. Therefore, whether the LP-WUS bandwidth is inside or outside of DL BWP can be considered.
Proposal 4. Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered.

2.3 Structure
	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).




Two alternatives are listed in last RAN1 meeting for further study. For Alt 1, LP-WUS could use the different sequences to wake different UE-groups or POs. Due to the limited number of orthogonal sequence, it is hard for LP-WUS to convey more information compared with Alt 2. In addition, the FAR of sequence is hard to be guaranteed. Considering if the LP-WUS monitoring occasion is not fixed, the delimiter, preamble or post-amble may be needed to indicate the start and the end of LP-WUS, which increases the requirement of the transmission data rate of sequence-based information.
For Alt 2, this structure can convey more information compared with option 1. For example, based on encoded bits method, the Group ID or UE ID could be carried to identify the target UE for waking up which is very useful information for paging. In addition, this structure can also attach CRC which is a useful solution to reduce the FAR. This structure can provide higher transmission efficiency than Alt 1 by encoded methods such as Manchester coding.
Manchester Encoding is a good approach to prevent the loss of clock synchronization and analog link bit errors from low frequency shifts. The ON and OFF symbols are transmitted in pairs of either (ON, OFF) or (OFF, ON) which is helpful to estimate the accurate detection of the state of signal per unit of time and avoid missing detection. The LP-WUS receiver can compare the received energy in the first and second half of the pair to make a decision, which can reduce the cost and enhance the reliability.
Proposal 5. Alt 2 is supported to convey LP-WUS information.
Proposal 6. Manchester Encoding can be used for LP-WUS encoding.

2.4 Synchronization
	Agreement
Study synchronisation signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2



The simple structure of the LP-WUS receiver may cause clock drift, which also affects the synchronization with the gNB. Three synchronization options were proposed at RAN#112 to address this issue. To satisfy the low cost and low power consumption requirements of the LP-WUS, we need to make a trade-off between the power consumption and the signal performance and find a balanced option to keep LP-WUS in sync. 
Last meeting we analyzed the pros and cons of three LP-WUS synchronization methods. In conclusion, for option 1, the advantage is it can self-adjust time error by all-time continuous detection, the disadvantage is it has the risk of full miss match due to large time drift and always on detection will increase the power consumption. For option2, LP-SS has been designed as a dedicated synchronization signal which is independent of LP-WUS. The LP-SS could transmit periodic which can save much power consumption and achieve a large power gain. The LP-SS can also help in resetting the clock and reduce timing ambiguities around the WUS monitoring occasions with more stringent criteria to avoid the full mismatch. In addition, the LP-SS may make an effect on relaxing the serving cell measurement which we illustrate in Chapter 2.5. The drawback of LP-SS is that it is only a coarse synchronization option and it is hard to fully match the MR and LR, it only reduces the time drift but does not eliminate the time drift. Based on the pros and cons of these two options, option 3 combines the dedicated preamble and LP-SS together to implement coarse synchronization and fine synchronization. However, the drawback of the combined method is the complexity increment. 
Based on the qualitative analysis, we prefer to choose option 3 as the synchronization scheme to further study. However, considering that option 3 is based on option 2, it is more reasonable to design a periodic dedicated synchronized signal LP-SS to implement the coarse synchronization at the current stage.
Proposal 7. Support Option 2 and Option 3 as the synchronization scheme for further study. At least design a periodic dedicated synchronized signal LP-SS to implement the coarse synchronization at the current stage.
Due to the LP-SS being independent of LP-WUS, the structure of LP-SS can be different from the LP-WUS, for example, the LP-WUS may be designed by encoded bits as it needs to carry much information, the LP-SS may be the sequence-based if it just for synchronize with less information to convey. Besides that, the waveform of LP-SS could also be different from LP-WUS when MR offloads some measurement functions to LP-SS. However, no matter the structure of LP-SS changes, it should be received by the LP-WUR. The multiple types of waveforms and structures will correspond to multiple receiver architectures. Considering the complexity of LP-WUR, it is better to keep the same waveform and structure of LP-WUS and LP-SS. Furthermore, the network overhead, power consumption, and detection accuracy of different structures of LP-SS need to be discussed and simulated to determine the best waveform and structure of LP-SS.
Proposal 8. Suggest to keep the same waveform structure of LP-WUS and LP-SS to decrease the complexity of LP-WUR.
2.6 Function and procedure
2.6.2 LP-WUR monitoring
	Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 



In the previous discussion, two options for LP-WUS monitoring have been provided for study, option 1 is the monitoring by duty-cycle, and the other one is it could be continuous. Last meeting, the pros and cons of these two options have been studied. For duty-cycle monitoring options, it has the advantage of high power saving gain and FAR reduction, however, some issues like large latency due to the transition ramp-up/ramp-down time need to be overcome.      On the contrary, the continuous options have a low latency due to continuous monitoring and have more network flexibility. But, it will increase the power consumption and high FAR at the same time.
From our view, we believe the LP-WUS monitoring scheme could be flexibly configured based on application scenarios.  For example, for those high demands for low latency scenarios, it is better to monitor continuously to ensure the LP-WUS can be waked up in time. For those scenarios where have strict requirements for power consumption, duty-cycle monitoring is more suitable to be applied. Therefore, we support both of the duty-cycle and continuous monitoring methods and can be configured by gNB.
Proposal 9. Both the duty-cycle and the continuous monitoring options can be supported and configured by gNB in a flexible way.
2.6.2 LP-WUS function
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.

Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.




For option 2, this structure may help LP-WUS enhance its reliability and be more intelligence. The sequence can be the indicator to help LP-WUS complete the basic wake-up function, the sync part can be predefined and UE only need to search one sequence for sync which can reduce the complexity of detection and improve the accuracy.Beside that, the payload may also convey Group ID or UE ID to identity the target UE for waking up. Both in Rel-17 PEI and IEEE.802.11.ba, UE ID/Group ID are supported to achieve a balance between network signaling overhead and UE power saving. This structure is useful in many aspect although it may cost morel network overhead than the option1. The size of each part of the structure is also need to be studied.

When UE is in RRC_IDLE/RRC_INACTIVE state, paging is the basic function that can help UE wake up at the correct time. How to paging based on LP-WUS and how to work with other legacy power saving methods remains to be investigated. Last meeting, we analyzed the pros and cons of three paging wake up methods and tried to compare each of these options to find an appropriate paging wake up method. 
Among the three options, we prefer to study the option 1 which the LP-WUS replaces PEI to trigger MR whether to monitor PO. When LP-WUR received a positive LP-WUS indicator, MR will start to receive paging PDCCH. The LP-WUS can carrier per-group information that each occasion is associated with one or more POs. LP-WUS on this option also needs to carry more than one bit of information and requires a high transition rate. It is worth studying and evaluating the payload and the power saving gain of different options.
For other options, when LP-WUS performs as an indicator to trigger MR whether to monitor PEI like option 2 mentioned. Although it can reduce the paging consumption of the LR and decrease the FAR with a micro changes impact on traditional paging procedure which is easier to be implemented, it can not provide significant power saving gain on paging and may lead to a high latency as the big gap between LP-WUS and the PEI. For option 3, LP-WUS can convey UE-ID by itself to support paging and wake up its MR by comparing matching UE-ID. The MR will initiate PRACH directly to establish the RRC connection. This option can provide considerable paging latency and power saving gain, but increases the cost of overhead which is more complicated to LP-WUS design. This option is not suitable for the current stage but worth to be further study.
Proposal 10. For UEs in RRC_IDLE/RRC_INACTIVE state, at least the LP-WUS replaces PEI to trigger MR whether to monitor PO needs to be studied as the wake-up procedure scheme at the current stage. Other options could not be precluded for further study.

Rel-16 DCP and Rel-17 PDCCH skipping/SSSG switching are used to indicate UE the PDCCH monitoring adaptation to reduce the PDCCH monitoring power consumption. For LP-WUS in RRC_CONNECTED state, a similar function can be provided. But there are also some restrictions and different designs in previous solutions, e.g., the Rel-17 PDCCH skipping/SSSG switching can only be used within DRX, the Rel-16 DCP is a group-common DCI, but Rel-17 PDCCH skipping/SSSG switching is UE-specific DCI. Since we design a new LP-WUS in Rel-18 to replace this function, a joint design for LP-WUS is needed to reduce the workload and spec impacts. For example, the Rel-18 LP-WUS can be used independently from DRX configuration, and whether the LP-WUS in RRC_CONNECTED state is based on UE-group or UE-specific can be further studied.
Proposal 11. For UE in RRC_CONNECTED state, LP-WUS is used to indicate UE whether to monitor PDCCH or not similar to Rel-16 DCP and Rel-17 PDCCH skipping/SSSG switching and strive a joint LP-WUS design for all functions.
2.5 RRM Measurement
According to our analysis in chapter 2.4, we suggest at least to design a periodic dedicated synchronized signal LP-SS to implement the coarse synchronization. Since LP-SS can transmit some information through periodic transmission, it can also be used as a reference signal for RRM measurements. Generally speaking, UE performs periodic RRM measurements by SSB and CRI-RS to inspect the quality of serving cells to ensure UE always camps on the best quality cell in IDLE/INACTIVE mode. Similarly, in order to ensure the quality of the cell with the lowest power consumption, it is reasonable for LP-SS to offloading some measurement functions of MR to assist MR measurement IDLE/INACTIVE mode. For example, we can set a group of dedicated metrics based on LP-SS corresponding to the MR measurement metrics like LP-RSRP, LP-RSRQ, LP-RSSI, and LP-SINR. When the UE is in ultra-deep sleep mode, the LP-SS periodically measures the dedicated LP-metrics, when the metrics exceed the threshold, which means UE is in poor channel condition, then the LR could trigger the MR to perform RRM measurement to ensure the serving cell quality. This option can reduce the unnecessary measurement of MR to reduce the power consumption. The periodic of LP-SS needs to be determined by a comprehensive consideration of the synchronization requirements and measurement requirements.
Proposal 12. LP-SS could be used as a reference signal for RRM measurement by setting the dedicated LP metrics and threshold to offloading MR RRM measurement.
2.7 Coverage
	Agreement
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.




The structure of the LP-WUS receiver is simpler than the general main radio receiver, which only retains the basic components to satisfy the core receiver functions. The design concept also leads to the worse sensitivity of the LP-WUR receiver than the general main radio receiver. As a consequence, the coverage gap exists between LP-WUS and NR signal/channel. This will lead to the situation that the UE could receive the NR signal but could not receive the LP-WUS. The coverage hole will affect the UE could not keep the low-power consumption state. Therefore, although the coverage performance between the LP-WUR and the main radio is difficult to match due to the poor receiver sensitivity of LP-WUR, the gap still needs to be catch up as much as possible.
Proposal 13. Coverage of LP-WUS/WUR should be comparable with the main radio.
If the coverage gap between LP-WUR and MR cannot be avoided, how to handle the partial coverage issue of LP-WUS needs to be further studied. It is reasonable to consider how to trigger the transition between LP-WUS and other UE power saving techniques. For example, when UE is located at the cell center, the LR and MR can be received at the same time, the UE could apply the LP-WUS by setting the LP-WUS as the first-priority power-saving method in this situation. When the UE moves from the cell center to the cell edge, due to the smaller coverage of LP-WUS, it is reasonable to set a decision scheme to help UE switch the power saving function. One solution is setting the RSRP and RSRQ tolerance threshold value of LP-WUS. When the measured value is lower than the threshold, it means UE at the coverage hole and needs to apply other power saving techniques such as PEI or DCP. Then, UE could turn off the LP-WUR until the measurement RSRP/RSRQ value reaches the LP-WUR threshold in the next measurement cycle. If the measurement value is higher than the threshold, which represents UE could apply the LP-WUS rather than other power saving techniques. This method can help UE always on the suitable power-saving mode to overcome the coverage hole between LP-WUR and MR.
Proposal 14. Set tolerance threshold to trigger the switch between LP-WUS and other paving saving techniques to overcome the coverage hole issue.
3. Conclusions
In this contribution, some considerations of L1 signal design and procedure for low power WUS are discussed and the following proposals are made.
Proposal 1. Support Option OOK-4 as the waveform for LP-WUS. 
Proposal 2. Maximum M=4 can be considered for OOK-4 based LP-WUS. 
Proposal 3. ZC sequence can be considered to flatten the spectrum of LP-WUS. 
Proposal 4. Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered.
Proposal 5. Alt 2 is supported to convey LP-WUS information.
Proposal 6. Manchester Encoding can be used for LP-WUS encoding.
Proposal 7. Support Option 2 and Option 3 as the synchronization scheme for further study. At least design a periodic dedicated synchronized signal LP-SS to implement the coarse synchronization at the current stage.
Proposal 8. Suggest to keep the same waveform structure of LP-WUS and LP-SS to decrease the complexity of LP-WUR.
Proposal 9. Both the duty-cycle and the continuous monitoring options can be supported and configured by gNB in a flexible way.
Proposal 10. For UEs in RRC_IDLE/RRC_INACTIVE state, at least the LP-WUS replaces PEI to trigger MR whether to monitor PO needs to be studied as the wake-up procedure scheme at the current stage. Other options could not be precluded for further study.
Proposal 11. For UE in RRC_CONNECTED state, LP-WUS is used to indicate UE whether to monitor PDCCH or not similar to Rel-16 DCP and Rel-17 PDCCH skipping/SSSG switching and strive a joint LP-WUS design for all functions.
Proposal 12. LP-SS could be used as a reference signal for RRM measurement by setting the dedicated LP metrics and threshold to offloading MR RRM measurement.
Proposal 13. Coverage of LP-WUS/WUR should be comparable with the main radio.
[bookmark: _GoBack]Proposal 14. Set tolerance threshold to trigger the switch between LP-WUS and other paving saving techniques to overcome the coverage hole issue.
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