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1. Introduction
The revised SID on LP-WUS / LP-WUR was approved in RAN#97-e [1] with the following objectives.
	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.


In this contribution, we discuss and provide our views on L1 designs and procedures to support LP-WUS.




2. Discussion
2.1. On LP-WUS waveform 
MC-OOK and MC-FSK can be considered as baseline for the structure of LP-WUS, which can be used for feasibility study on receiver sensitivity and complexity estimation. Especially, due to its simplicity, MC-OOK can be a starting point for future discussion and analysis on LP-WUS waveform and its corresponding receiver LP-WUR. Meanwhile, OFDM waveform can also be used as LP-WUS, which can guarantee better reception performance and coverage compared to MC-OOK/FSK. In addition, since the existing NR signal/channels can be utilized with marginal efforts, it can have advantages in many aspects. However, considering that the main purpose of LP-WUS is to wake up the main radio by using low power wake-up receiver and that analysing/identifying whether LP-WUS/WUR could have enough coverage comparable to the legacy NR, it is better to focus the study on MC-OOK as an easy start of the study. 
One of the most important aspect which should be considered during the study on generation of LP-WUS waveform is whether LP-WUS waveform can be multiplexed with the legacy NR signals/channels in time/frequency or any other possible resources. NR systems are highly flexible, and various types of signals/channels can share the time and/or frequency resources semi-statically and dynamically. If such flexibility is greatly affected by the use of LP-WUS, this may result in a significant reduction in the efficiency of the entire NR system. Therefore, a dedicated resource (e.g., time resource such as slot configuration or frequency resource such as dedicated frequency) for LP-WUS transmission should be avoided. That is to say, LP-WUS waveform should be multiplexed with the legacy NR signals/channels. Note that one of objectives for LP-WUS is to study the system impact on the coexistence with non-LP-WUR UEs. In this respect, we believe an inter-SCS interference free design in which LP-WUS signals and other NR signals/channels can be FDMed within the same FFT bandwidth can be one design target. In addition, the location of LP-WUS in a carrier can be discussed together. For flexible multiplexing in freq., the configurable location can be beneficial. As another aspect, multiplexing ability in time for LP-WUS should be discussed. For example, LP-WUS waveform can be aligned with NR OFDM symbol boundary (or slot, sub-frame boundary can be considered). Whether/how to such alignment between LP-WUS and NR signal/channel can be achieved may be an essential discussion point. For another example, it may be needed to discuss whether/how LP-WUS can be multiplexed with other NR signals in CP interval of the OFDM symbol. 
Proposal #1: Focus on studying MC-OOK waveform generation based on the legacy OFDM transmitter due to its simplicity and low power consumption.
Proposal #2: Study on whether/how LP-WUS transmission can be multiplexed with the legacy NR signals/channels in time and/or frequency domain.

The following agreements were made at RAN1#112.
	Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 
· Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
· OOK=1 means all SCs are modulated
· OOK=0 means all SCs are zero power (from base-band point of view)
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· Option OOK-2: Parallel M-bit OOK in frequency domain, 
· N SCs of LP-WUS is further separated into M segments (M=2 in Figure) possibly with guard-bands in-between and/or around 
· OOK=1 means all SCs in segment are modulated
· OOK=0 means all SCs in segment are zero power (from base-band point of view)
· FFS architecture.
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· Option OOK-3: Multi-tone single-bit OOK
· N SCs of LP-WUS is separated into L segments (L=2 on Figure) without guard-bands in-between segment, but possibly around
· OOK=1 means 1 sub-carrier (known by UE) of each segment is modulated, rest of SC is zero power (from base-band point of view)
· OOK=0 means all SCs in all segments are zero power (from base-band point of view)
· FFS architecture
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· Option OOK-4: Transform M-bit OOK in time domain 
· N SCs of OOK-1 are generated by a transformation (DFT/Least square)
· N’ samples are generated from M-bits 
· signal modification may or may NOT be used
· truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
· N’ can be the same as K
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· FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
· Companies to report their assumptions
· potential guard-band SCs are zero power (from base-band point of view)
· [optionally, 2 additional segments, one always modulated and one always zero power (from base-band point of view) can be transmitted]
· Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)


Above listed options for MC-OOK generation can be compared in terms of the data rate, the required time/frequency resources, the reception performance including time/frequency diversity, and receiver complexity. OOK-1 can be regarded as the simplest architecture at the transmitter and receiver side. However, the data rate of OOK-1 is lower than other options since it uses the all configured subcarriers for LP-WUS only for 1-bit transmission. Meanwhile, OOK-2 and OOK-3 divide N subcarriers into M segments for M bit transmission. It implies that the less frequency diversity can be expected since the less subcarriers are used for each 1-bit transmission than OOK-1. To achieve the frequency diversity comparable to OOK-1, the increased N or the reduced M should be assumed for OOK-2 and OOK-3. This may also result in the use of reduced subcarriers for NR signals multiplexed with LP-WUS on the same frequency resources. OOK-4 can transmit M bits without dividing N subcarriers into several segments. This option may have additional modules at transmitter side such as signal shaping and/or DFT. However, it does not mean that the reception process at LP-WUR to be significantly impacted due to those additional Tx modules. And, OOK-4 can also have a frequency diversity comparable to OOK-1 since it uses all the frequency resources allocated to LP-WUS like OOK-1. Another aspect to be considered is the receiver complexity due to the use of multiple segment in OOK-2 and OOK-3. For OOK-2 or OOK-3, the frequency domain filtering for each segment is required at LP-WUR. Especially, as the number of segment increases, LP-WUR complexity may be an issue since the filter bandwidth is getting narrower and the number of frequencies to be filtered is getting larger. On the other hand, for OOK-4, the shortened symbol duration may cause the performance loss compared to the other options. However, it does not require the narrow frequency filter at the receiver side, and rather it may require the time domain filter for some purpose. But it usually has less complexity than that for the frequency domain filter. 
In this perspective, if LP-WUS is defined with the low data rate, OOK-1 may be the best one due to its simplicity on the transmitter/receiver architecture and its robustness in performance. On the other hand, for high data rate, OOK-2, OOK-3 or OOK-4 can be used since they can transmit more than 1 bit for a given number of subcarriers. As discussed, considering the trade-off between OOK-2, OOK-3 and OOK-4 in terms of the required number of subcarriers, receiver complexity, and the performance, OOK-4 may be an attractive option than OOK-2 or OOK-3. Therefore, we propose to set OOK-1 and OOK-4 as the baseline for other discussions such as L1 procedure. Depending on LP-WUS waveform and the corresponding receiver architecture, other aspects for LP-WUS such as L1 procedure or the monitoring method may be impacted. Therefore, defining a baseline waveform can be a way to more effectively conduct discussions on such aspects.
Proposal #3: Define OOK-1 and OOK-4 as the baseline for discussions on other aspects for LP-WUS
· OOK-1 for low data rate
· OOK-4 for high data rate

Another discussion point is whether LP-WUS is aligned with CP-OFDM symbol boundary of NR signal/channel which is overlapping in time with. During the CP duration of CP-OFDM for NR signal/channel, LP-WUS reception performance may be degraded since the CP can be an interference to LP-WUS. 
If LP-WUS is transmitted so that it is aligned with the OFDM symbol boundary is aligned, it may be desirable to set the LP-WUS not to be transmitted in the CP duration of NR OFDM symbol. Or, even if the LP-WUS is transmitted in CP duration, LP-WUR may perform the envelop detection except for the CP duration. In this case, however, LP-WUR should know the staring of CP duration and the length of CP duration. It may require the accurate sync requirement for LP-WUR and potential signaling issue to indicate SCS of NR signal/channel to LP-WUR. Alternatively, regardless of if LP-WUS is transmitted during the CP duration, the envelop detection at LP-WUR can be performed on the OFDM symbol duration including CP. In this case, the performance degradation in CP duration may be expected as discussed above, while LP-WUR has the advantage of not having to accurately detect the CP duration. That is, the sync requirement for LP-WUS/LP-WUR may be relaxed, and the potential signaling for indicating SCS of NR signal/channel may be reduced. As another method, LP-WUS can be transmitted without being aligned with the boundary of CP-OFDM symbol. For this, the envelop detection at LP-WUR can be performed without any information of CP-OFDM for NR signal/channel so that the LP-WUR complexity can be relaxed.
With these considerations on the performance and the complexity of LP-WUR, whether LP-WUS waveform is aligned with OFDM symbol boundary for NR signal/channel should be discussed.
Proposal #4: Discuss on whether LP-WUS is aligned with the symbol boundary of CP-OFDM for NR signal/channel which is overlapping with.


2.2. On dedicated sync signal (LP-SS) for LP-WUS/WUR
For stable reception of LP-WUS, synchronization at low power receiver may be an essential requirement. Receivers for non-coherent modulation does not need to be synchronized exactly like OFDM reception. But, any of time/frequency/phase/clock domain error can significantly degrade the reception performance of LP-WUR so that the coverage LP-WUS could support will be significantly reduced. Since, the LP-WUR may not utilize the NR reference signals, whether to introduce a dedicated sync signal for LP-WUR should be discussed together with the LP-WUS waveform generation. Especially, when LP-WUR monitors LP-WUS waveform in duty-cycle manner, such dedicated signal may have an essential role in the LP-WUR. 
To reduce the receiver complexity and guarantee the reasonable sync resolution, it may need to match the sampling rate (or SCS) between the LP-WUS/WUR and LP-SS. For instance, LP-WUS and LP-SS can be generated based on the same MC-OOK or MC-FSK generation option. Since both LP-WUS and LP-SS need to be monitored in LP-WUR, it may be beneficial in terms of LP-WUR complexity that these two signals are generated in the same way. On the other hand, MC-OOK and MC-FSK may have different characteristics. For example, for the same data rate, MC-OOK is more spectral efficient way than MC-FSK. MC-FSK modulation is less sensitive for fading since the information is carried only by the amplitude, but MC-OOK is less sensitive for the frequency inaccuracy. Therefore, if LP-WUS and LP-SS have different characteristics to consider more importantly, it may be beneficial to generate LP-WUS and LP-SS with different waveform generation, respectively.
Proposal #5: LP-SS is generated by MC-OOK/MC-FSK and the same sampling rate (or SCS) as that for LP-WUS can be considered
Proposal #6: Discuss whether LP-SS is generated by MC-OOK/MC-FSK waveform which is the same or different from LP-WUS waveform generation
· Alt-1: LP-SS is generated based on the same MC-OOK/MC-OOK as LP-WUS
· Alt-2: LP-SS is generated based on MC-OOK/MC-OOK different from LP-WUS


2.3. On LP-WUS coverage
The coverage of LP-WUR could be another important design target. Especially, the coverage needs to meet the same range of NR signal/channel (e.g., paging PDCCH). If the UE is used to wake up the main radio, then it needs to meet the same coverage as NR paging PDCCH. If that is not the case, then the UE which is not in the LP-WUR coverage cannot be not woken up using LP-WUR. As a result, the UE would be stuck in sleep mode for a long time and this is clearly undesirable. Therefore, whether and how to achieve the same or comparable coverage as the NR signal/channel should be studied. 
To increase the coverage of LP-WUR, various techniques can be discussed. For example, transmitting power of LP-WUS can be boosted. Another method may be the use of time/freq./spatial diversity to transmit LP-WUS waveform. However, without loss of generality, those techniques require more resource overhead. In other case, some receiver implementation can increase the LP-WUR coverage. In most cases, however, something may have to be paid for increased coverage. Thus, it needs to be considered the case that the LP-WUR coverage is smaller than that for NR signal/channel. 
Proposal #7: Study on how to achieve the comparable coverage of LP-WUR as the NR paging PDCCH
Proposal #8: Study on whether/how to handle the smaller coverage of LP-WUR than the NR paging PDCCH


2.4. On LP-WUS monitoring
We discuss further pros and cons of two monitoring behaviors of LP-WUR based on the following agreement in RAN1#112. 
	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 


Various observations were already identified from contributions in the last meeting and we agreed to further study duty cycle based monitoring (i.e. option 1) and continuous monitoring (i.e. option 2) of LP-WUR. To recap, duty cycle based monitoring provides greater power saving gain and lower false alarm rate than continuous monitoring, but duty cycle based monitoring may have synchronization issues that continuous monitoring does not, so additional synchronization signal such as LP-SS may be required.
 In addition, we need to consider the potential payload size of the LP-WUS, which can vary depending on the monitoring behavior of the LP-WUR. Duty cycle based monitoring may have latency issues compared to the continuous monitoring, however it can reduce the potential payload size of the LP-WUS. For example, UEs belonging to a specific group (or sub-group) can be configured to monitor LP-WUS at a specific point in time. In this case, LP-WUS does not need to contain the UE group ID (or sub-group ID) and its payload size is expected to be small enough. On the flip side, duty cycle based monitoring may have increased latency, but it is not likely to be much different from continuous monitoring if we adopt LP-WUS triggering PEI monitoring or paging PDCCH monitoring because PEI occasion or PO is already configured to specific monitoring occasion based on the UE_ID. If we adopt LP-WUS triggering RACH transmission, as described above, duty cycle based monitoring can reduce the payload size by not containing UE ID or UE group ID. But in this case, there may be explicit latency issues.
The main benefit of continuous monitoring is obviously latency. Continuous monitoring may not have latency issues, which can be helpful for satisfying the potential latency requirement of use cases for LP-WUR/LP-WUS. Since the UE can receive LP-WUS at any time, it can trigger the main radio to wake up immediately. Due to continuous power-on of LP-WUR, the power consumption may be the issue. However, the power saving gain from turning off LP-WUR is marginal compared to that of the main radio. As described above, in the case of LP-WUS triggering PEI monitoring or paging PDCCH monitoring, the benefit of low latency will be minimized due to fixed PEI occasion or PO. Therefore, to take advantage of continuous monitoring, we can introduce different UE behavior based on the received LP-WUS. For example, the UE continuously monitors LP-WUS and behaves differently depending on the received occasion of LP-WUS. And if we adopt LP-WUS triggering RACH transmission, continuous monitoring can be a good option to overcome the latency issue despite of expected large payload size.
Depending on what is triggered by LP-WUS, there may be different considerations on monitoring behaviors of LP-WUR. Therefore, when studying the pros and cons of monitoring behaviors of LP-WUR, the procedures for IDLE/INACTIVE mode UEs should also be considered as well. 
Proposal #9: Consider the procedures for IDLE/INACTVE mode UEs for studying pros and cons of monitoring behaviors of LP-WUR.


2.5. On LP-WUS for IDLE/INACTIVE mode
The main purpose of LP-WUS should be to wake up the main radio at UE when the main radio indeed should be not in the sleep mode, by using low power wake up signal and its corresponding receiver. Obviously, main benefit from using LP-WUS/WUR would be obtained in RRC IDLE/INACTIVE mode compared to the CONNECTED mode. One thing needs to be considered is that NR already has a mechanism; paging to ping UE and initiate random access procedure. In addition to this, there is PEI (paging early indication) which is for reducing power consumption during the paging procedure. Therefore, in order to define the role of LP-WUS in the system, the first thing to do would be to discuss how LP-WUS works with existing PEI and paging procedure. 

As discussed in the last meeting, there are three approaches following on how LP-WUS work in IDLE/INACTIVE state. 
2.5.1. LP-WUS triggers RACH transmission
Firstly, we can consider LP-WUS can work as another paging signal. This approach replaces entire current PEI/paging framework, so the benefit can be maximized in terms of power consumption. However, it also requires less number of UE per UE group and low false alarm rate, in order to lower latency and minimize power consumption, respectively. When the latency is not an issue, it is also possible for the UE to receive LP-WUS signal multiple times to lower false alarm rate. In summary, this approach may be best option if LP-WUS has high performance in terms of the number of UE group per MO and false alarm. 
2.5.2. LP-WUS triggers PEI monitoring
It can be considered that LP-WUS triggers PEI monitoring. In this approach, LP-WUS would work at front-end of PEI/paging mechanism. Once LP-WUS is monitored, UE would try to monitor the corresponding PEI or paging occasion related to the PEI. With this kind of indirect mechanism, LP-WUS requirement could be mitigated. For example, even if UE receive LP-WUS wrongly, it can be corrected in the PEI/paging procedure without attempting random access. Also, as LP-WUS operates as a door of the PEI/paging, it has no effect on current PEI/paging procedure as well as minimizes the specification work of LP-WUS, since LP-WUS monitoring occasion can be configured along with PEI monitoring occasions. On the other hand, this approach may have larger latency than others. 
2.5.3. LP-WUS triggers paging PDCCH monitoring
Considering the similarity between LP-WUS and PEI, LP-WUS can function as PEI. For example, LP-WUS can trigger to monitor paging occasion directly. This could be compromised option between above two approaches. If LP-WUS has larger number of UE group per MO and low false alarm rate, UE can be configured with dense LP-WUS monitoring occasion, so that LP-WUS can trigger the paging procedure immediately, without restriction on PEI. On the other hand, it is also possible to configure UE with only few numbers of LP-WUS monitoring occasion, so that LP-WUS can substitute PEI at some points.  

Those three alternatives may work well but each alternative has different advantages and disadvantages, associated with LP-WUS requirement and performance. Therefore, it could be important to define LP-WUS requirements considering the design of LP-WUS operation. 
Observation #1: What should be UE behaviour for LP-WUS is interrelated to LP-WUS performance requirement
Proposal #10: Study whether to support that UE monitors PEI or paging after the UE receives LP-WUS in IDLE/INACTIVE, considering wake-up latency.
Proposal #11: Study whether to support that UE attempt random access after the UE receives LP-WUS in IDLE/INACTIVE, considering false alarm rate and the number of UE group per MO. 

As we described in the section 2.4, it is important to consider trade-off between latency, payload size and FAR. If we allocate sufficient LP-WUS monitoring occasion for all UE, so that only one UE attempts random access without FAR issue, it would consume a number of resource and the latency would also increase eventually. Therefore, it may be necessary to make LP-WUS procedure adjustable or configurable. Then the system can operate LP-WUS with changing UE behaviour adaptively.
For example, it can be considered that gNB configure more than one LP-WUS MO, which have different duty cycle and offset. One could be used to monitor PO/PEI, the other can be used for trigger random access procedure. By doing so, gNB can choose LP-WUS procedure based on traffic property and load balance. 
To alleviate the trade-off, it can be also considered to change current UE procedure for paging. In the existing system, it is almost impossible to control how many UE would wake for a paging occasion, so the gNB need to configure PO pessimistically, which make larger latency for PEI or PO method. With LP-WUS, now gNB can trigger UE to monitor PO, which means that gNB has a control of the number of UE per monitoring occasion. Thus, with LP-WUS gNB can configure PO more optimistically. Moreover, it is also possible to allocate instantly PDCCH for paging in on-demand manner by UE since gNB could know which UE would monitor to. 
Proposal #12: Study whether/how to support more than one UE behaviour for LP-WUS in IDLE/INACTIVE state. 
Proposal #13: Study whether/how to introduce PDCCH monitoring occasion for LP-WUS monitoring, which can be enabled temporally based on LP-WUS reception. 

2.5.4. Fallback operation in IDLE/INACTIVE
To achieve benefits of LP-WUS, including low power consumption and low latency, it is necessary to operate system depending on LP-WUS in IDLE/INACTIVE in some level. For example, to maximize power saving, UE may not monitor existing paging occasions and keep waiting LP-WUS signal from gNB. However, this approach may also lead to some level of dependency on LP-WUS signals. If UE is in situations where a device cannot receive/detect an LP-WUS signal, it may not only face difficulties or limitations in its operation, also system may break. Therefore, it is necessary to consider fallback operations for situations where a device cannot receive/detect an LP-WUS signal correctly. 
One straightforward solution for addressing this issue is to fallback to existing operation for paging/RACH. To adopt this approach, it is necessary to define how UE assume the LP-WUS cannot be received. It is highly related to FAR issue and also related to how to design LP-WUS receiver/channel/signal.
Proposal #14: Study on the fallback operation where a UE cannot receive an LP-WUS signal, including how the UE can determine whether to perform fallback operation.


2.6. On LP-WUS for CONNECTED mode
Power saving techniques for CONNECTED mode are mainly focused on reducing unnecessary PDCCH monitoring, which accounts for a high proportion of UE’s power consumption. Rel-15 DRX configuration for PDCCH monitoring, Rel-16 Wake-up signal for DRX, and Rel-17 PDCCH monitoring adaptation indication were introduced. Consequently, the main use case of LP-WUS for CONNECTED mode would be controlling UE’s PDCCH monitoring. For example, LP-WUS can be used to indicate wake-up of DRX Active Time and/or adaptation of UE’s PDCCH monitoring in the DRX Active Time. In these cases, it may be necessary to study whether LP-WUS will enhance existing functionalities, such as wake-up or PDCCH monitoring adaptation, or support any new functionalities. Also, LP-WUS monitoring can be considered to be jointly configured with DRX. For controlling UE’s PDCCH monitoring by LP-WUS, the characteristics of LP-WUS/LP-WUR should be considered. For example, due to low cost and power consumption of LP-WUR, miss detection rate and false alarm rate can be relatively high, so it may be worth discussing cases where LP-WUS is not detected and/or falsely alarmed.
Proposal #15: Study the LP-WUS functionalities for CONNECTED mode for UE power saving.

To discuss functionalities of LP-WUS for CONNECTED mode, the signal design should be discussed first. Obviously, the hardware of LP-WUR for IDLE/INACTVE and CONNECTED modes should not be different to reduce cost and complexity. UE should be able to detect both LP-WUS for IDLE/INACTIVE and CONNECTED modes by LP-WUR of the same structure. So, considering that, we believe the waveform and modulation should be unified for IDLE/INACTIVE and CONNECTED modes. However, the procedure for LP-WUS detection and possible functionalities can be different for IDLE/INACTIVE and CONNECTED modes. For example, LP-WUS for IDLE/INACTIVE mode can be used for paging or RRM measurement. This focuses on keeping the main radio of UE sleep longer. LP-WUS for CONNECTED mode can be mainly used for controlling UE’s PDCCH monitoring behavior. This focuses on reducing UE’s unnecessary PDCCH monitoring. Therefore, the signal design of LP-WUS of IDLE/INACTIVE and CONNECTED modes should be differently considered.
Proposal #16: LP-WUS should be designed assuming the different procedures and functionalities of LP-WUS between CONNECTED and IDLE/INACTIVE modes.


2.7. RRM measurement by using LP-WUR
By current specification, the UE which is not configured with eDRX shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S for the serving cell at least once every certain periodicity based on SMTC window, DRX cycle, and frequency band. UE usually perform serving cell quality measurement every 1 or 2 DRX cycles. Not only that, the main radio should measure neighbour cell quality when serving cell quality does not fulfil the criterion. So the main radio of the UE cannot sleep longer than RRM measurement requirement. If part of RRM measurement by main radio can be performed by LP-WUR instead, the main radio can sleep longer, which can lead to UE power saving. RRM measurement relaxation assisted by LP-WUR also be considered.
RRM measurement by LP-WUR can be effective for power saving by ensuring longer sleep time for the main radio. It could be RRM relaxation of the main radio. In the current specification, RRM relaxation of the main radio is limited for UEs in special conditions. For example, for UEs not at cell edge and/or with low mobility is allowed to relax RRM measurement for intra-frequency or inter-frequency/inter-RAT frequency in Rel-16. And, additional relaxation measurement criteria are defined for supporting stationary RedCap UEs in Rel-17. So, it is noted that RRM relaxation of the main radio is desirable and very helpful for power saving. 
UE can measure LP-WUS or new low power synchronization signal by LP-WUR. Moreover, existing NR signals can be considered to be measured by LP-WUR. It depends on the structure of LP-WUR. If UE can measure the existing NR signals by LP-WUR, it will be helpful for relaxing the RRM measurement by the main radio.
Considering the use cases i.e., IoT and wearables, it seems more appropriate that serving cell quality measurement by LP-WUR is studied first though serving cell quality measurement is more important than neighbour cell measurement. To discuss that, it should be considered that the cell quality measurement by LP-WUR can be unreliable due to the receiver structure having target of minimizing the cost and power consumption. Also, it should be discussed that which condition of UE can be allowed to relax RRM measurement by LP-WUR.
Various cases of RRM measurement relaxation assisted by LP-WUR can be studied. If UE measures cell quality by the main radio and detects it is good enough or it fulfils the criterion, UE can turn off (or transit to ultra-deep sleep state) the main radio and subsequent cell quality measurements are performed by LP-WUR instead. Conversely, if UE measures cell quality by LP-WUR and detects it is not good enough or it cannot fulfil the criterion, UE can turn on the main radio and subsequent cell quality measurements are performed by the main radio. Configuration of RRM measurement by LP-WUR, e.g. periodicity of measurement by LP-WUR is equal to or greater/less than that of measurement by the main radio, should be studied. For example, considering low power consumption UE can measure cell quality by LP-WUR more frequently than the main radio, then periodicity of RRM measurement by LP-WUR can be less than that of measurement by the main radio. Joint RRM measurement can also be considered for better measurement with power saving. As long as it does not increase power consumption, if some cell quality measurements are offloaded by LP-WUR and the main radio is state-transited, UE can calculate the cell quality combining the measurements from the main radio and LP-WUR. New metric, such as LP-RSRP or LP-RSRQ, should be studied for RRM measurement by LP-WUR because it can be based on LP-WUS or new low power synchronization signal. Furthermore, a new criterion for turning on/off or allowing the relaxation of the main radio should be studied.
Proposal #17: Study RRM measurement by LP-WUR for relaxing or offloading RRM measurement by the main radio.
Proposal #18: Study on how to utilize RRM measurement by LP-WUR as a complementary for RRM measurement by the main radio.

The potential measurement metric used for RRM measurement perform by LP-WUR was agreed to study in RAN1#112 as follows.
	Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements


Several receiver architectures and waveform generation of LP-WUS have been discussed and agreed to be studied. For studying potential measurement metric, which receiver architecture and LP-WUS waveform are assumed would be essential. Some measurement metric may be difficult to obtain. For example, if LP-WUS is generated by MC-OOK waveform and received by LP-WUR, it would be not feasible to obtain some metrics such as RSRQ. In this case, RSRP can be one available performance metric and some new performance metrics for signal quality are needed to be introduced. Therefore, the receiver architecture or LP-WUS waveform needs to be determined sooner rather than later so that the potential performance metric for RRM measurement can be effectively discussed.
Observation #2: Potential measurement metric used for RRM measurement performed by LP-WUR can vary on which waveform of LP-WUS and receiver architecture are adopted.


3. Conclusions
In this contribution, we discuss and provide our views on several aspects for LP-WUS signal and procedure, and the following proposals and observation were drawn
Proposal #1: Focus on studying MC-OOK waveform generation based on the legacy OFDM transmitter due to its simplicity and low power consumption.
Proposal #2: Study on whether/how LP-WUS transmission can be multiplexed with the legacy NR signals/channels in time and/or frequency domain.
Proposal #3: Define OOK-1 and OOK-4 as the baseline for discussions on other aspects for LP-WUS
1. OOK-1 for low data rate
1. OOK-4 for high data rate
Proposal #4: Discuss on whether LP-WUS is aligned with the symbol boundary of CP-OFDM for NR signal/channel which is overlapping with.
Proposal #5: LP-SS is generated by MC-OOK/MC-FSK and the same sampling rate (or SCS) as that for LP-WUS can be considered
Proposal #6: Discuss whether LP-SS is generated by MC-OOK/MC-FSK waveform which is the same or different from LP-WUS waveform generation
1. Alt-1: LP-SS is generated based on the same MC-OOK/MC-OOK as LP-WUS
1. Alt-2: LP-SS is generated based on MC-OOK/MC-OOK different from LP-WUS
Proposal #7: Study on how to achieve the comparable coverage of LP-WUR as the NR paging PDCCH
Proposal #8: Study on whether/how to handle the smaller coverage of LP-WUR than the NR paging PDCCH
Proposal #9: Consider the procedures for IDLE/INACTVE mode UEs for studying pros and cons of monitoring behaviors of LP-WUR.
Observation #1: What should be UE behaviour for LP-WUS is interrelated to LP-WUS performance requirement
Proposal #10: Study whether to support that UE monitors PEI or paging after the UE receives LP-WUS in IDLE/INACTIVE, considering wake-up latency.
Proposal #11: Study whether to support that UE attempt random access after the UE receives LP-WUS in IDLE/INACTIVE, considering false alarm rate and the number of UE group per MO. 
Proposal #12: Study whether/how to support more than one UE behaviour for LP-WUS in IDLE/INACTIVE state. 
Proposal #13: Study whether/how to introduce PDCCH monitoring occasion for LP-WUS monitoring, which can be enabled temporally based on LP-WUS reception. 
Proposal #14: Study on the fallback operation where a UE cannot receive an LP-WUS signal, including how the UE can determine whether to perform fallback operation.
Proposal #15: Study the LP-WUS functionalities for CONNECTED mode for UE power saving.
Proposal #16: LP-WUS should be designed assuming the different procedures and functionalities of LP-WUS between CONNECTED and IDLE/INACTIVE modes.
Proposal #17: Study RRM measurement by LP-WUR for relaxing or offloading RRM measurement by the main radio.
Proposal #18: Study on how to utilize RRM measurement by LP-WUR as a complementary for RRM measurement by the main radio.
Observation #2: Potential measurement metric used for RRM measurement performed by LP-WUR can vary on which waveform of LP-WUS and receiver architecture are adopted.
[bookmark: _GoBack]
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