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1. Introduction
The Rel-19 work item on low-power wake-up signal and receiver for NR (LP-WUS/WUR) has been approved in RAN#102 meeting [1], which includes the following objectives.
	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103



In this contribution, we discuss potential LP-WUS and LP-SS design and provide our views.
2. Discussion
2.1. Waveform/modulation
2.1.1. Waveform for LP-WUS/LP-SS
The Rel-18 SID evaluated several candidate modulations and ultimately selected OOK-1 and OOK-4 for further discussion in the Rel-19 WID regarding LP-WUS and LP-SS. To enhance clarity during the discussion, we propose considering the following potential options.
· Only OOK-1 should be supported
· Only OOK-4 should be supported
· Both OOK-1 and OOK-4 should be supported
· LP-WUS with OOK-1 and LP-SS with OOK-4
· LP-WUS with OOK-4 and LP-SS with OOK-1
· LP-WUS with OOK-1 and OOK-4, LP-SS with OOK-1 or OOK-4
· LP-WUS/LP-SS with OOK-1 and OOK-4
In the previous evaluation, OOK-1 exhibits greater resistance to timing errors due to its longer symbol length. Compared with an OFDM symbol equal to M OOK symbols (M>1), OOK-1 is simpler. However, it requires more time domain resources for information transmission if overlaid OFDM sequence(s) over OOK symbol is not considered. The adoption probability of OOK-1 is contingent upon the payload size of the LP-WUS/LP-SS. On the other hand, OOK symbols in OOK-4 are susceptible to CP, especially when M is large. As shown in Figure 1(a), the CP of the OOK ON symbol in OOK-1 corresponds to the ON state, while the CP of the OOK OFF symbol corresponds to the OFF state. In case of OOK-4, if the first OOK symbol's state differs from that of the last symbol within an OFDM symbol, the CP will have an opposite state from the first OOK symbol, which hurts the performance of OOK demodulation. As depicted in Figure 1(b), although the first OOK symbol in the initial OFDM has an ON state, it is associated with an OFF CP. Similarly, even though the first OOK symbol in the second OFDM has an OFF state, it corresponds to an ON CP. Further, the OOK symbol length of OOK-4 will be further reduced due to the CP addition, whereas in the case of OOK-1, the UE with OOK based receiver can efficiently harness energy from the entire OFDM symbol including CP. From a synchronization perspective, OOK-4 has more upper-level and lower-level changes than OOK-1 within a given period which benefits UE's faster completion of synchronization process; particularly for UEs in better link condition.


Figure 1: Repercussions of CP issue on diverse OOK modulations
Observation1：OOK-1 is more robust to timing error, and of lower complexity compared to OOK-4, but with lower bit rate.
Observation2：Whether OOK-1 or OOK-4 is used depends on the bitrate carried in LP-WUS/LP-SS without considering overlaid OFDM sequence(s) over OOK symbol.
Observation 3: The OOK symbols carried by OFDM symbols in OOK-4 are susceptible to the issue of CP. 
· A UE equipped with an OOK receiver is unable to effectively utilize the energy corresponding to CP during reception of OOK-4 symbols.
Proposal 1：If relatively small bitrate carried in LP-WUS, OOK-1 modulation should be discussed as the baseline for LP-WUS.
Proposal 2：Both OOK-1 and OOK-4 could be further discussed for LP-SS.

2.1.2. Numerology for LP WUS/LP SS
If LP WUS are deployed in independent frequency domain resources, the candidate SCS of LP-WUS/LP-SS can refer to set of SCS numerologies supported in NR. Moreover, it is not necessary to consider whether the SCS are the same or different from the legacy NR channel. If LP WUS and legacy NR channel can be deployed in the same frequency domain resources, it is necessary to determine whether SCS need to be configured differently from NR channel according to the service. If the SCS of LP-WUS/LP-SS is the same as the legacy NR channel, it helps to reduce the implementation complexity of gNB. However, if LP WUS with different SCS from the NR channel are allowed, for example, with larger SCS, it helps to further reduce the wake-up delay and get higher bit rates. Further, using higher SCS for LP-WUS, i.e., OOK-1 with higher SCS is one way to overcome the CP issue of OOK-4 as discussed in 2.1.1. To make this discussion clearer, the following options can be a good starting point. 
· Same SCS to legacy NR channel
· Different SCS from legacy NR channel
· Both the same and different SCS as legacy NR channel
Observation 4: Different SCS configurations offer distinct advantages from diverse perspectives, thus making the aforementioned three options for SCS between LP-WUS/LP-SS and legacy NR channel/signals a suitable starting point for further discussion.
Proposal 3：Same and different SCS between LP-WUS/LP-SS and other NR channel/signals in an OFDM symbol could be both supported in RAN1.
2.2. Channel structure
2.2.1. LP WUS structure
The message with preamble and the message without preamble are two potential structures for LP-WUS. In addition to LP-SS, the preamble can also offer fine granularity synchronization, thereby enhancing the synchronization performance of LP WUS. With help from preamble for synchronization, it is possible to increase the periodicity of LP-SS transmissions for the equivalent synchronization performance. Therefore, the fixed overhead of LP-SS can be reduced.  Of course, introducing a preamble also increases overhead on time domain resources which cannot be avoided. To alleviate pressure on resource overheads, it is necessary to limit the size of the time domain allocated for preambles.
Observation5：Besides LP-SS, preamble of LP-WUS can provide fine granularity synchronization, or reduce the required overhead of LP-SS.
Proposal 4：Preamble could be supported in LP WUS for better synchronization performance when longer periodicity of LP-SS is configured.
2.2.2. OOK modulation with overlaid sequence
In RAN#102 meeting, the following description for OOK modulation with overlaid sequence is included within Rel-19 work item.
	· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.


According to the WID, overlaid OFDM sequence(s) is agreed to apply over the OOK symbols. If a preamble is added to the LP-WUS, it is straightforward that overlaid OFDM sequence(s) also applies to the OOK symbols in the preamble. In fact, the preamble has an advantage to apply the overlaid sequence since the OOK ON/OFF symbol pattern in a preamble is fixed. 
Observation6：Overlaid OFDM sequence(s) can apply to OOK symbols in both preamble and the data part of a LP-WUS.
Observation7：The OOK pattern of preamble does not need to change, which is more suitable for overlaid OFDM sequence(s) over OOK symbol.
Proposal 5：Overlaid OFDM sequence(s) can apply to OOK symbols in both preamble and the data part of a LP-WUS 
To prevent potential ambiguousness, the above highlighted descriptions need to be further clarified as following options in RAN1.
· Option 1：The same information bits should be received between OOK LR and OFDM LR
· Option 2: The same type information but not same bits could be received between OOK LR and OFDM LR


Figure 2: An example of applying option2
Compared to OOK modulation, OFDM sequences can accommodate a greater amount of information bits, thereby occupying fewer time domain resources for the same information transmission. As the gNB configures the LP WUS based on both OOK-based and OFDM-based receiver capabilities, it is observed that the resources allocated to LP WUS are redundant for OFDM-based receivers. By overlaying OFDM sequence(s) over OOK symbol, more granular wake-up indications can be transmitted to OFDM-based receivers without compromising overall system performance. It is beneficial to avoid the possibility of OFDM based UEs being woken up unnecessary. The gNB transmits LP WUS to the UE, as illustrated in Fig. 2 as an example. Among them, both OOK modulation and OFDM sequence convey the wake-up information for UE group 0, while the OFDM sequence additionally carries UE ID 0. Consequently, the awakened UEs include UE0, UE3, and UE4. However, if the OFDM sequence only carries identical information bits as OOK modulation does, it would unnecessarily awaken UE1 and UE2. However, this approach necessitates additional protocol standardization work concerning payload size discussions for overlaid OFDM sequences over OOK symbols in RAN1.
Observation8：Overlaid OFDM sequence(s) over OOK symbol is capable of carrying more information, such as more granular wake-up indications, which has no effect on OOK based UEs, but allows OFDM based UEs to get more accurate information. It is beneficial to avoid the possibility of OFDM based UEs being woken up unnecessary.
Observation9：Overlaid OFDM sequence(s) over OOK symbol carrying more information than OOK modulation may lead to additional protocol standardization work.
Proposal 6：The full discussion of option 1 in RAN1 is imperative, while the potential benefits of option 2 can be explored if sufficient time permits.


Figure 3: Wake-up information carried by OOK modulation and OFDM sequence
Assuming the same information bits can be received by both OOK symbols and overlaid OFDM sequence for a LP-WUS, an OFDM-based receiver may complete the detection of the wakeup information earlier. As depicted in Fig. 3, the wake-up information set denoted as W is conveyed through OOK modulation during the entire duration of LP-WUS, while this wake-up information set W can also be transmitted via OFDM sequence within a sub-duration of LP WUS. For UE equipped with an OFDM-based receiver, it may complete detecting the wake-up information in a sub-duration, thereby facilitating quicker awakening of its main receiver and reducing the overall wake-up delay. 
As shown in Figure 3, multiple repeated wake-up messages can be received by UE employing an OFDM-based receiver throughout the duration of LP WUS, thus further enhancing the robustness of LP-WUS transmission. An OFDM-based receiver may choose to do decoding based on one or limited number of sub-durations which allows quick LP-WUS detection. Alternatively, an OFDM-based receiver may detect overlaid sequences in the whole LP-WUS duration for reliability and coverage. 
Observation10：The UE with OFDM-based receiver may detect the overlaid sequences throughout the entire duration of LP-WUS to ensure reliability and coverage.
Proposal 7：LP-WUS information could be carried by overlaid OFDM sequence(s) over OOK symbol in LP WUS with shorter duration for shorter latency. Or overlaid sequences could be detected throughout the entire duration of LP-WUS to ensure reliability and coverage.
2.3. Wake up information
2.3.1. Information on LP-SS
According to the previous evaluation in Rel-18 SID, LP WUS demonstrates superior coverage performance when assuming OFDM-based receivers. Therefore, compared to OOK WUR, OFDM WUR may support full cell coverage and facilitating serving cell or even neighboring cell RRM measurement. Consequently, this approach can further reduce the frequency of MR opening for RRM measurement and subsequently conserve energy. 
LP-SS may adopt a fixed OOK pattern. Further, the cell ID information can be implicitly indicated by different time-frequency resource positions. Such approach applies to either OOK-based receiver or OFDM-based receiver to avoid inter-cell interference between LP-SS. For an OFDM-based receiver, if it can also detect LP-SS, the cell ID information can be conveyed through overlaid OFDM sequences as scrambling code for further interference randomization. 
Observation11：Compared to OOK WUR, OFDM WUR may support full cell coverage.
Proposal 8：
· A fixed OOK pattern can be used for LP-SS for minimal impact for OOK based receivers.
· At least cell ID can be indicated by LP-SS indicated by different time-frequency resource positions or explicitly by overlaid OFDM sequences 
2.3.2. Information on LP-WUS
In the discussion of Rel-18 SID, it was agreed that for both RRC idle/inactive and RRC connected UE, information on which user(s) is/are targeted by the LP-WUS, such as UE-group, UE-subgroup or UE-ID, should be carried by LP WUS. UE grouping is an essential feature for LP WUS to reduce false alarm and also reduce power consumption. 
Regarding RRC idle/inactive UE, similar as PEI, at least UE sub-group ID is indicated in LP WUS. Furthermore, considering that OOK modulation with Manchester coding consumes significant time domain resources, it is advisable to limit the payload size of LP WUS. RAN1 can consider using 8 bits as a starting point for discussing this matter.
Proposal 9：In RRC idle/inactive state
· At least UE sub-group ID is indicated in LP WUS, similar as PEI.
· Maximum payload size for UE subgrouping in LP-WUS is at least [8].
· Other information such as PWS can be further discussed if need.
In the case of RRC connected UE, a LP WUS occasion can correspond to one or multiple UEs, with separate indications provided for each individual UE or UE subgroup. This approach enhances indication efficiency and reduces the number of LP WUS transmissions. Furthermore, LP WUS can also incorporate PDCCH skipping/SSSG switching/BWP switching to minimize latency associated with these operations.
Proposal 10：In RRC connected state
· A LP WUS occasion can correspond to one or multiple UEs, with separate indication for each UE/UE subgroup. 
· SSSG switching/ BWP switching could also be considered in LP WUS. 
2.4. LP-SS general discussion
2.4.1. Period of LP-SS
From the perspective of ensuring synchronization performance, a shorter LP-SS period is advantageous for maintaining LP WUR synchronization. However, this results in increased downlink resource occupation. An OOK-based receiver normally has better resilience to T/F error, a long periodicity for LP-SS may be configured. An OFDM-based receiver normally equips with good oscillator which enables longer period for LP-SS. Further, an OFDM-based receiver can achieve synchronization by receiving PSS/SSS too. Additionally, to reduce an overhead by the always transmitted LP-SS, configuring the preamble of LP WUS can help alleviate degradation in synchronization performance caused by longer LP-SS periods.
Observation12：For the UE of OFDM based receiver, it can obtain synchronization by receiving PSS/SSS as well as LP-SS.
Observation13：For the UE of OOK based receiver, a preamble can be configured to LP WUS in order to alleviate the degradation of synchronization performance due to long LP-SS periods.
Proposal 11：Longer period than SSB such as 320ms can be considered for period of LP-SS as a starting point for discussion.
2.4.2. LP-SS duration
In the design of LP-SS, it is crucial to initially discuss the length of LP-SS. The length not only impacts the occupation of time domain resources but also directly influences synchronization performance. Considering that LP-SS can be transmitted through various beams, it is essential to explore the time-domain pattern of LP-SS. To simplify the design process, reference can be made to SSB design. Furthermore, by setting a short duration of LP-SS as 4 or 8 symbols, it facilitates the choice of OFDM symbols of LP-SS considering the existing time domain pattern of SSB.
Observation14：The determination of the duration of LP-SS necessitates consideration of various time-domain pattern designs. To streamline the design process, reference can be made to SSB pattern design.
Proposal 12：The duration of LP-SS can be 4 or 8 symbols, to facilitate the choice of OFDM symbols of LP-SS considering the existing time domain pattern of SSB.
2.4.3. LP-SS beam sweeping
To enable the deployment of LP-SS in a cell with small BW, LP-SS that is mapped to OFDM symbols not occupied by SSB should be supported. The LP-SS period could be designed to be an integer multiple of the SSB period, allowing for transmission of LP-SS and SSB using the same beam. This enables efficient synchronization with gNB for UEs equipped with LP WUR. As depicted in Fig. 4, as an example, the length of the LP-SS period is twice that of the SSB period, and LP-SS 0 shares beam 0 with SSB 0, and LP-SS 1 shares beam 1 with SSB 1, enabling joint transmission to UEs.



Figure 4: LP-SS beam sweeping
Proposal 13： LP-SS time domain pattern for beam sweeping should be designed referring to SSB pattern.
2.4.4. Center frequency and bandwidth
Similar to SSB, the center frequency of LP-SS can be determined by the form of reference frequency + offset, and the candidate reference frequency should be further discussed. Moreover, the bandwidth of LP-SS can be predefined by the protocol with a fixed bandwidth. The size should not be larger than the bandwidth of the LP WUS. To limit resource overhead, and also based on SI evaluations, bandwidth no more than 5MHz is preferred.
Observation15：To limit resource overhead, and also based on SI evaluations, bandwidth no more than 5MHz is preferred.
Proposal 14: 
· The reference frequency of LP-SS should be further discussed.
· The bandwidth of LP-SS is no more than 5MHz.
2.5. Multiplexing
As discussed earlier in Rel-18, there are two potential options for LP WUS and NR channel multiplexing:
· Share the same band/same carrier
· In different bands
The LP-WUS/LP-SS channel and the conventional NR channel can coexist within the same frequency band or carrier, which enhances resource utilization but also introduces potential conflicts. If a collision between the legacy NR channel and LP WUS/LP-SS happens, it results in significant interference for LP WUR, particularly for OOK-based receivers. Therefore, collision handling becomes necessary when configuring LP WUS and legacy NR channels in the same band or carrier. Deploying LP WUS/LP-SS in a different band or carrier than the legacy NR channel alleviate the problem, however, the interference due to ACS/ACLR needs to be considered too. 
Observation16： The coexistence of LP-WUS/LP-SS and legacy NR channels in the same band and carrier necessitates the collision handling mechanisms.
Observation17：Considering limited supported bands for LP-WUR, LP-WUS/LP-SS can be in different bands from legacy NR channels.
Proposal 15：Both options for LP WUS and NR channel multiplexing can be considered in RAN1. Collisions handling is needed to prevent potential collisions between LP-WUS/LP-SS and legacy NR channels.
2.6. Coverage enhancement
According to our previous simulation results in [2], the coverage performance of LP WUS closely approximates that of PUSCH MSG3; however, it consistently exhibits a slight inferiority compared to PUSCH MSG3. To ensure the robustness of LP WUS in practical applications, it is imperative to incorporate coverage enhancement schemes. If coverage enhancement is explicitly defined, the following options are as follows:
· Robust coding, e.g., Manchester coding
· Lower bit rate, e.g., 0.25, 0.5, 0.67
· Time domain repetition
· Power boosting, e.g. Power offset to SSB for LP-SS
On the other hand, the basic LP-WUS may be defined taking into account coverage alignment with MSG3. In this way, explicit coverage enhancement is not necessary. 
Observation18：In most cases, LP WUS with Manchester encoding exhibits slightly inferior performance compared to PUSCH Msg3. To ensure reliable transmission, the enhancement of LP WUS coverage is imperative.
Proposal 16：If coverage enhancement is needed，the following should be further discussed.
· Robust coding, e.g., Manchester coding
· Lower bit rate, e.g., 0.25, 0.5, 0.67
· Time domain repetition
· Power boosting, e.g. Power offset to SSB for LP-SS
3. Conclusion
In this contribution, we provide the following proposals and observations.
Observation1：OOK-1 is more robust to timing error, and of lower complexity compared to OOK-4, but with lower bit rate.
Observation2：Whether OOK-1 or OOK-4 is used depends on the bitrate carried in LP-WUS/LP-SS without considering overlaid OFDM sequence(s) over OOK symbol.
Observation 3: The OOK symbols carried by OFDM symbols in OOK-4 are susceptible to the issue of CP. 
· A UE equipped with an OOK receiver is unable to effectively utilize the energy corresponding to CP during reception of OOK-4 symbols.
Observation 4: Different SCS configurations offer distinct advantages from diverse perspectives, thus making the aforementioned three options for SCS between LP-WUS/LP-SS and legacy NR channel/signals a suitable starting point for further discussion.
Observation5：Besides LP-SS, preamble of LP-WUS can provide fine granularity synchronization, or reduce the required overhead of LP-SS.
Observation6：Overlaid OFDM sequence(s) can apply to OOK symbols in both preamble and the data part of a LP-WUS.
Observation7：The OOK pattern of preamble does not need to change, which is more suitable for overlaid OFDM sequence(s) over OOK symbol.
Observation8：Overlaid OFDM sequence(s) over OOK symbol is capable of carrying more information, such as more granular wake-up indications, which has no effect on OOK based UEs, but allows OFDM based UEs to get more accurate information. It is beneficial to avoid the possibility of OFDM based UEs being woken up unnecessary.
Observation9：Overlaid OFDM sequence(s) over OOK symbol carrying more information than OOK modulation may lead to additional protocol standardization work.
Observation10：The UE with OFDM-based receiver may detect the overlaid sequences throughout the entire duration of LP-WUS to ensure reliability and coverage.
Observation11：Compared to OOK WUR, OFDM WUR may support full cell coverage.
Observation12：For the UE of OFDM based receiver, it can obtain synchronization by receiving PSS/SSS as well as LP-SS.
Observation13：For the UE of OOK based receiver, a preamble can be configured to LP WUS in order to alleviate the degradation of synchronization performance due to long LP-SS periods.
Observation14：The determination of the duration of LP-SS necessitates consideration of various time-domain pattern designs. To streamline the design process, reference can be made to SSB pattern design.
Observation15：To limit resource overhead, and also based on SI evaluations, bandwidth no more than 5MHz is preferred.
Observation16： The coexistence of LP-WUS/LP-SS and legacy NR channels in the same band and carrier necessitates the collision handling mechanisms.
Observation17：Considering limited supported bands for LP-WUR, LP-WUS/LP-SS can be in different bands from legacy NR channels.
Observation18：In most cases, LP WUS with Manchester encoding exhibits slightly inferior performance compared to PUSCH Msg3. To ensure reliable transmission, the enhancement of LP WUS coverage is imperative.
Proposal 1：If relatively small bitrate carried in LP-WUS, OOK-1 modulation should be discussed as the baseline for LP-WUS.
Proposal 2：Both OOK-1 and OOK-4 could be further discussed for LP-SS.
Proposal 3：Same and different SCS between LP-WUS/LP-SS and other NR channel/signals in an OFDM symbol could be both supported in RAN1.
Proposal 4：Preamble could be supported in LP WUS for better synchronization performance when longer periodicity of LP-SS is configured.
Proposal 5：Overlaid OFDM sequence(s) can apply to OOK symbols in both preamble and the data part of a LP-WUS 
Proposal 6：The full discussion of option 1 in RAN1 is imperative, while the potential benefits of option 2 can be explored if sufficient time permits.
Proposal 7：LP-WUS information could be carried by overlaid OFDM sequence(s) over OOK symbol in LP WUS with shorter duration for shorter latency. Or overlaid sequences could be detected throughout the entire duration of LP-WUS to ensure reliability and coverage.
Proposal 8：
· A fixed OOK pattern can be used for LP-SS for minimal impact for OOK based receivers.
· At least cell ID can be indicated by LP-SS indicated by different time-frequency resource positions or explicitly by overlaid OFDM sequences 
Proposal 9：In RRC idle/inactive state
· At least UE sub-group ID is indicated in LP WUS, similar as PEI.
· Maximum payload size for UE subgrouping in LP-WUS is at least [8].
· Other information such as PWS can be further discussed if need.
Proposal 10：In RRC connected state
· A LP WUS occasion can correspond to one or multiple UEs, with separate indication for each UE/UE subgroup. 
· SSSG switching/ BWP switching could also be considered in LP WUS. 
Proposal 11：Longer period than SSB such as 320ms can be considered for period of LP-SS as a starting point for discussion.
Proposal 12：The duration of LP-SS can be 4 or 8 symbols, to facilitate the choice of OFDM symbols of LP-SS considering the existing time domain pattern of SSB.
Proposal 13： LP-SS time domain pattern for beam sweeping should be designed referring to SSB pattern.
Proposal 14: 
· The reference frequency of LP-SS should be further discussed.
· The bandwidth of LP-SS is no more than 5MHz.
Proposal 15：Both options for LP WUS and NR channel multiplexing can be considered in RAN1. Collisions handling is needed to prevent potential collisions between LP-WUS/LP-SS and legacy NR channels.
Proposal 16：If coverage enhancement is needed，the following should be further discussed.
· Robust coding, e.g., Manchester coding
· Lower bit rate, e.g., 0.25, 0.5, 0.67
· Time domain repetition
· Power boosting, e.g. Power offset to SSB for LP-SS
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Appendix
Table 1: evaluation assumptions for LP WUS coverage performance
	Parameter
	Values

	Scenario and frequency
	700MHz（FDD），4GHz（TDD）

	SCS
	15kHz for FDD，30kHz for TDD

	PRB number
	2、4、8、12

	Payload
	20 bits

	RRC
	8 bits

	Sequence for reference
	2、4

	modulation
	MC-OOK

	encoding
	Manchester

	channel model
	TDL-C

	Number of RX chains for LP-WUR
	1 Rx

	Number of TxRUs for BS
	2 TxRUs for 700 MHz
64 TxRUs for 4 GHz.

	Delay spread
	300ns

	UE velocity
	3km/h



Table 2: evaluation assumptions for PDCCH
	Parameters
	Value

	Frequency
	700MHz（FDD），4GHz（TDD）

	SCS
	15kHz for FDD，30kHz for TDD

	BW
	20，100 MHz

	Channel model
	TDL-C

	Delay spread
	300ns

	UE velocity
	3 km/h

	Number of Rx
	2R/1R(for Redcap)

	PDCCH Payload
	40 bits

	CRC for DCI
	24bits

	REG bundle size
	6

	PDCCH AL
	AL16，AL8



Table 3: evaluation assumptions for PUSCH
	Parameters
	Value

	Frequency
	700MHz（FDD），4GHz（TDD）

	SCS
	15kHz for FDD，30kHz for TDD

	BW
	20MHz

	Channel model
	TDL-C

	Delay spread
	300ns

	UE velocity
	3 km/h

	Number of Tx
	1T

	Code rate
	0.3102 for normal case，0.1200 for MSG 3
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Figure 5: Coverage evaluation for normal UE in 700MHz
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Figure 6: Coverage evaluation for normal UE in 4GHz
[image: ]
Figure 7: Coverage evaluation for RedCap in 700MHz
[image: ]
Figure 8: Coverage evaluation for RedCap in 4GHz
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