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1	Introduction
In this contribution, we present our view on the design of LP-WUS and LP-SS. The objectives from the approved WID on “Low-power wake-up signal and receiver for NR (LP-WUS/WUR)” [1] are given below:
	· 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




[bookmark: _Ref178064866][bookmark: _Hlk142644764]2	General Design principles 
From a network vendor and ecosystem perspective, it is important that the gNB should be able to transmit the LP-WUS using existing gNB hardware and not require any new emissions or compliance requirements. Otherwise, it is difficult to enable widespread WUS support in existing deployments. 
In order to not negatively impact network capacity, it is important that the LP-WUS can be multiplexed with other NR transmissions in time and frequency, and that any unused LP-WUS resources can be reused for dynamic scheduling. Also, to avoid impacts on the gNB complexity and other NR transmissions, same SCS should be considered for WUS and other NR transmissions in a given carrier.
[bookmark: _Toc159213608]Following principles should be considered for LP-WUS and LP-SS design
a. [bookmark: _Toc159213609]It should be possible to generate LP-WUS/LP-SS transmissions using existing gNB hardware and not trigger any new emissions or compliance requirements.
b. [bookmark: _Toc159213610]It should be possible to multiplex the LP-WUS/LP-SS with other NR transmissions in time or frequency domain without causing interference.
c. [bookmark: _Toc159213611]It should be possible to reuse any unused LP-WUS time and frequency resources for other transmissions.
Also, as agreed during the SI, in the design and monitoring of LP-WUS, it needs to be ensured that the paging missed detection is not impacted and the targets for missed detection probability and false alarm probability are satisfied. Specifically, to ensure UE reachability, the missed detection target of 10-2 similar to the paging PDCCH requirement should be met.
[bookmark: _Toc159213612]Paging misdetection performance of the UE should not be impacted when LP-WUS is used by the UE for power savings.
2	LP-WUS design
2.1	LP-WUS subcarrier spacing
Following was agreed on WUS SCS in Rel-18 SI.
Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 


Support of mixed numerologies in the same band requires careful considerations to minimize inter-subcarrier interference and performance degradation. To avoid further increasing the complexity and better coexistence with different NR transmissions, WUS and other NR transmissions should have same SCS. 
In the SI it was discussed whether using a higher WUS SCS (compared to other transmissions) can enable the multi-bit OOK-WUS generation (within one OFDM symbol). For example, if the SCS for NR transmissions is 30 kHz (nominal SCS), WUS may have 60 kHz SCS by modulating every other subcarrier for WUS. Then, in the time domain, WUS is repeated within one OFDM symbol with the nominal SCS. To transmit two OOK bits in one OFDM symbol, time-domain masking (setting samples to zero) has to be applied to the first/second half of the generated samples at the output of IFFT. This approach, due to the time-domain operation, results in the coexistence issue and impact on other NR transmissions at the gNB. It should be notes that this operation is different from supporting FDM of OFDM-based NR transmissions with different SCS where the time-domain masking is not needed.
Another approach to multiplex multi-bit OOK WUS with other NR transmissions would be to use two IFFT blocks. In this case, WUS SCS needs to be an integer multiple of the SCS used for other transmissions (i.e., WUS SCS=M*NR SCS, M is integer). However, gNB complexity significantly increases due to multiple IFFTs.
In summary, considering gNB complexity LP-SS and LP-WUS with different SCS than other NR transmissions in same CP-OFDMA symbol should not be supported. The SCS used for initial BWP should be used for LP-SS and Idle mode LP-WUS.
[bookmark: _Toc159213613]Same sub-carrier spacing (SCS) should be used for LP-WUS and other NR transmissions in the same CP-OFDMA symbol.
[bookmark: _Toc159213614]SCS used for LP-SS and Idle mode LP-WUS transmission should be same as the SCS used for initial BWP.
2.2	LP-WUS structure
In the SI, using a preamble for LP-WUS was discussed. In general, the use of preamble in the WUS structure is beneficial for fine time and frequency synchronization and improves LP-WUS detection performance. Having a preamble before data part of LP-WUS transmission also reduces the need for frequent LP-SS transmissions. 
[bookmark: _Toc159213615]Including a preamble part before the data part of LP-WUS transmissions should be considered.
In the SI, sequence and payload-based structures for LP-WUS were considered. Sequence-based structure is suitable for relatively small payloads and achieves a reasonable coverage considering the flexibility for proper sequence designs and detection techniques. Payload-based structures (potentially with Manchester encoding and other channel coding), however, are suitable for large payloads yet they can suffer from a limited coverage performance. For a small payload size (few bits), compared to a payload-based structure, a sequence-based structure has the benefits of lower overhead, synchronization, and potentially lower WUR energy consumption due to shorter WUS duration. Nevertheless, the performance of sequence-based and payload-based structures need to be further evaluated based on the required payload size.
[bookmark: _Toc159213616]Performance of sequence-based and payload-based LP-WUS structures should be studied further.
2.3	LP-WUS payload size
The required payload of WUS depends on its functionality. In Idle/Inactive mode, WUS can be primarily used for sub-grouping indication. Considering that Rel-17 PEI can indicate up to 8 subgroups simultaneously with a bitmap, a payload size of at most 8 bits is sufficient for WUS to achieve similar subgrouping functionality as PEI. Meanwhile, the WUS payload can be reduced by targeting fewer number of subgroups (e.g., 4). 
From coverage perspective, it is not feasible to have large payload size for WUS as it requires significant overhead. For example, based on our evaluations ‎[3], in Table 1, we provide an approximate WUS time span required to match msg3-PUSCH for OOK-based detection and OFDM-based detection. As we can see, for OOK-based detection the WUS duration for 48 bits payload can be over 100 slots depending on the coverage target. In this regard, the payload size should not exceed 8 bits. 
[bookmark: _Ref159175516]Table 1: WUS resources required to match msg3-PUSCH coverage (5 MHz WUS bandwidth).
	WUS payload (modulation)
	Msg3, no rtx 
	Msg3, two rtx 

	1bit (OOK, sequence-based)
	18 symbols
	5 slots

	8bit (OOK, payload-based)
	7 slots
	25 slots

	48bit (OOK, payload-based)
	40 slots 
	180 slots 

	1bit (OFDM, SSS-based time-correlation)
	2 symbols 
	5 symbols

	8bit (OFDM, SSS-based time-correlation)
	3 symbols
	7 symbols

	Note1: MDR = 1% and FAR = 0.1% assumed for above comparison. 
Note 2: When duration is given in slots, all the symbols in a slot are assumed to be available for WUS.
Note 3: For Msg-3 PUSCH, 2 PRBs, 56 bits TBS, 14 OFDM symbols are assumed per slot.



In Connected mode, it can be beneficial to have a similar WUS design as in Idle/Inactive. Therefore, the WUS payload size of up to 8 bits can be considered. 

[bookmark: _Toc159213622]For OOK-based detection, WUS duration of multiple tens of slots is required for payloads larger than 8 bits to cover cell edge UEs.

[bookmark: _Toc159213617]WUS payload size should be at most 8 bits in Idle/Inactive. Similar payload size should be considered for Connected mode.

2.4	LP-WUS with OOK and overlaid OFDM sequences 

[image: ]
Figure 1: Illustration of OOK-1 or OOK-4 generation with OFDM transmitter.

For OOK based LP-WUS with overlaid OFDM sequence(s), following cases should be considered:
· OOK-1 (single-bit OOK): one OOK segment (ON or OFF) in each OFDM symbol.
· OOK-4 (multi-bit OOK): multiple (M) OOK segments (ON or OFF) in each OFDM symbol.
2.4.1	OOK-1 generation with overlaid OFDM sequence
For generating OOK-1 with an OFDM transmitter, the specific OFDM sequences which carry information are transmitted during the ON duration of the OOK pattern. OFDM sequences for OOK-1 can be similar to existing NR signal sequences such as sequences used for SSS. OFDM receiver extracts information from the ON symbols of OOK-1 waveform based on the detected OFDM sequence.
2.4.2	OOK-4 generation with overlaid OFDM sequence
For generating OOK-4 with an OFDM transmitter, the frequency domain symbols (i.e., input of IFFT) are determined based on the desired pattern of OOK waveform within each CP-ODFMA symbol which limits the flexibility of choosing the OFDM sequences. 
One approach for generating OOK-4 is to map (or quantize) the frequency domain symbols of OOK-4 to frequency domain symbols corresponding to OFDM sequences. To create multiple OFDM sequences needed to carry information, OOK-4 frequency domain symbols should be mapped to multiple OFDM sequences in frequency domain. For example, one frequency domain OOK-4 pattern can be mapped to multiple ZC sequences to allow sending information to OFDM-based WUR. Note that in this case, the mapping pattern should be known to the receiver. Figure 2 shows example approach for generating OOK-4 overlaid with OFDM sequences and Figure 3 shows an example of mapping OOK-4 constellation to ZC sequence and the generated time-domain waveform.
 [image: ]
[bookmark: _Ref159160098]Figure 2: Example approach for generating OFDM sequences used for OOK-4.

[image: ]
[bookmark: _Ref159160260]Figure 3: Example of mapping OOK-4 constellation to ZC sequence.


[bookmark: _Toc159213623]To generate OOK overlaid with OFDM sequences that carry information, 
a. [bookmark: _Toc159213624]For OOK-1, the OFDM sequences can be similar to one of the existing NR sequences and are transmitted during the ON duration of the OOK signal. 
b. [bookmark: _Toc159213625]Compared to OOK-1, it is more complex to generate OOK-4 with overlaid OFDM sequences that carry information.

2.4.3 OOK-1 and OOK-4 performance
Figure 4 below shows comparison of detection performance of OOK-1 and OOK-4 for the same payload, overhead and total transmit power (timing error is assumed to be zero in this comparison). As summarized in Table 2 result shows that OOK-1 slightly outperforms OOK-4 in terms of detection. This is due to OOK-4 waveform generation which results in small power leakage in the OFF segments of OOK-4 which can be avoided for OOK-1.

[image: ]
[bookmark: _Ref158729902]Figure 4: Detection performance of OOK-1 and OOK-4 for the same overhead.

[bookmark: _Ref159170936]Table 2: SNR at 1% BLER for 8-bit WUS for different waveforms.
	
	8 information bits, 36 symbols

	OOK-1 [payload-based, 8+10bit CRC]
	-1 dB

	OOK-4 [payload-based, 8+10bit CRC], M=2
	 -0.5 dB

	OOK-4 [payload-based, 8+10bit CRC], M=4
	 -0.3 dB



It should be noted that when comparing OOK-1 and OOK-4 the same total transmit power or alternately the same average SNR across OFDM symbols should be considered. Note that, in principle, OOK-4 can generate OOK-1 by allocating all 0s or 1s in each OFDM symbol (although in this case the waveform generation can be done simpler with OOK-1 approach). Therefore, from SNR point of view, assumptions for OOK-1 and OOK-4 should not be different.
Figure 5 shows the impact of number of OOK segments per OFDM symbol (M) on BLER for OOK-4. Here, the total payload size is 12 bits, Manchester encoding is used. As we can see, for M-bit OOK, the link-level performance significantly degrades for M larger than 8. In addition, the sensitivity of OOK-4 to the timing error increases by increasing M. For example, significant performance degradation is observed for 1 us timing error when M=8.
[image: ]
[bookmark: _Ref158644451]Figure 5: Impact of number of OOK segments per OFDM symbol (M) on BLER for 12 bits total payload (with and without timing error).

[bookmark: _Toc159213626]In terms of coverage, OOK-1 slightly outperforms OOK-4 for the same payload and same resource overhead.

[bookmark: _Toc159213627]For OOK-4, 

c. [bookmark: _Toc159213628]the complexity of waveform generation is higher for larger values of M. 
d. [bookmark: _Toc159213629]OOK-4 is more sensitive to timing error than OOK-1 and the sensitivity increases by increasing M. To prevent significant link performance degradation, timing error should be an order of the magnitude smaller than each OOK segment duration. 
e. [bookmark: _Toc159213630]link-level performance of M-bit OOK significantly degrades for M larger than 4.

[bookmark: _Toc159213618]OOK-1 should be supported for LP-WUS. If OOK-4 is also supported, it should be with small M (e.g., M ≤ 4).

2.4.4	Early termination for OFDM-based WUR
Evaluations in the SI have shown that detecting information sent using OFDM sequences using an OFDM-based LP-WUR requires much smaller duration (in the order of few symbols) compared to overhead of sending information via OOK and detecting it using an OOK-based LP-WUR (in the order of slots). 
As shown in Figure 6, LP-WUS design should allow OFDM-based LP-WUR to detect the information payload with smaller monitoring duration compared to that of OOK-based LP-WUR. The per slot power consumption of OFDM based LP-WUR would be higher than that of OOK-based LP-WUR and having such ‘early termination’ of WUS monitoring is critical for obtaining power savings with OFDM-based LP-WUR.
[image: ]
[bookmark: _Ref159176960]Figure 6: LP-WUS with different monitoring duration for OFDM-based WUR vs OOK-based WUR.

Additionally, LP-WUS design should consider complexity reduction techniques to avoid excessive blind decodes or monitoring duration for payload detection using OFDM-based LP-WUR. This can be done for example by ensuring that sufficient ‘ON’ symbols are present at least in the initial part of LP-WUS. 

[bookmark: _Toc159213619]LP-WUS design should allow OFDM-based LP-WUR to detect the information sent using OFDM sequences using a smaller monitoring duration compared to that of OOK-based LP-WUR (which detects information sent via OOK).
3	LP-SS design
[bookmark: _Hlk158197711]During the Rel-18 SI, different LP-WUR architectures were considered. One of the differentiating factors in terms of LP-WUR is the type of the signal it can detect or receive. WUR with only envelope detection capability can only detect amplitude modulated signal such as On-Off keying (OOK) signal, while a more capable LP-WUR can detect/receive signal with I/Q components, making it able to receive existing OFDM-based NR sequences. For the latter type, it is clarified in the WID objective that existing synchronization signal (e.g., SSS) can be used for the purpose of synchronization and RRM measurement. 
For the WUR only capable of envelope detection (OOK-based WUR), if synchronization and/or RRM measurement is to be performed by WUR, a new synchronization signal, LP-SS, that is compatible with envelope detection is needed.  

[image: ]
[bookmark: _Ref159160648]Figure 7. Flexible LP-SS placement options to minimize NW overhead and energy efficiency impact.

There are several aspects to consider for LP-SS design, 
· Whether to support OOK-1 and/or OOK-4 
· Signal generation for OOK-1 waveform is simpler than that of OOK-4 and thus preferred. However, for a given time duration, OOK4 can accommodate a longer sequence of ON-OFF symbols which may help with detection performance. Since the receiver will not have accurate timing, receiver complexity to detect OOK-1 vs. OOK-4 based LP-SS also must be considered.
· Whether to specify the overlaid OFDM sequence as part of the LP-SS
· Specifying the overlaid OFDM sequence may help with improving detection performance of LP-SS only if LP-WUR is also capable of OFDM signal reception. However, it is clarified in the WID that for LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS. Therefore, there is no strong need to specify overlaid OFDM sequence for LP-SS. In our view, LP-SS design should be simplified as much as possible.
· How often LP-SS is transmitted
· Transmission periodicity of LP-SS depends on the purpose of LP-SS, e.g., to provide coarse timing, it can be sufficient that LP-SS is transmitted less often (once every one or two seconds). However, if it is used for serving RRM measurement, it may need to be transmitted more frequently. LP-SS periodicity will have a direct impact on additional resource overhead as well as NW energy consumption. To limit the negative impacts on NW overhead, larger periodicity values are preferred. Thus, for flexible operation, LP-SS periodicity should be configurable by the NW.
· For candidate values for periodicity, we prefer to start with the following with higher values preferable: 320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms. 


· Location in frequency and time domain of LP-SS transmission 
· To ensure NW scheduling flexibility, it should be possible to have flexible placement of LP-SS resources in frequency and time. For example, flexibility to configure LP-SS resource near existing NR signals (FDM/TDM) is desirable to minimize gNB impact (Some examples shown in Figure 7). Since both SSB and LP-SS are broadcasted periodically, it is beneficial if the location of LP-SS can be set such that it allows the gNB to go into micro sleep mode to help with NW energy saving.
· Sequence pattern and duration 
· LP-SS design should provide good synchronization performance as well as good RRM measurement accuracy when the measurement is performed on the LP-SS, if supported. In addition, it should fulfill the coverage performance target. 
· Whether Manchester coding is needed can be investigated, e.g., how it impacts the sequence design and corresponding performance. Since LP-SS does not carry any information, flexible mapping between payload and OOK pattern becomes less of an issue, unlike for LP-WUS.

· Number of LP-SS sequences 
· Multiple LP-SS sequences can be used for avoiding interference and detection/measurement ambiguity for cell-edge UEs and the need for this should be studied further. 

[bookmark: _Toc159213620]It should be possible for NW to flexibly configure the placement of LP-SS resources in frequency and time to minimize overhead and NW energy efficiency impact.
[bookmark: _Toc159213621]Consider following values for configuring LP-SS periodicity: 320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms (higher values preferred). 

[bookmark: _Toc159213631]LP-SS design should further consider following aspects
- Whether to support OOK-1 and/or OOK-4
- Whether to specify the overlaid OFDM sequence as part of the LP-SS
- Sequence pattern and duration
- Number of available sequences.

4	Alignment of WUS evaluations
Following observations regarding coverage were made in TR 38.869 ‎[2]:
	-	For Urban scenario and single PUSCH MSG3 transmission 
-	For OOK-based LP-WUS, the required resource reported is 0.9~17.28 MHz*Symbol/bit 
-	For OFDM-based LP-WUS, the required resource reported is 0.31~4.32 MHz*Symbol/bit
-	For Urban scenario and PUSCH MSG3 transmission with two retransmissions (one source)
-	For OOK-based LP-WUS, the required resource reported is 241.92 MHz*Symbol/bit 
-	For OFDM-based LP-WUS, the required resource reported is 2.16 MHz*Symbol/bit
Note: 3 sources, assumed 3dB power boosting for LP-WUS


As we can see, there is a wide range of resources required for WUS to meet the coverage target. 
Also, the summary the spectral efficiency based on the link-level results is provided in Table 8.3-6 of TR 38.869:
Table 4: Spectral efficiency for different range and waveforms (Table 8.3-6 of TR 38.869)
	OOK-1 30kHz

	SNR Range [dB]
	SE median [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-9, -3]
	0,003241
	0,003241
	0,003241
	0,003241
	[8B-11] [8B-17]

	[-3, 3]
	0,003241
	0,00321
	0,00144
	0,006481
	[8B-25][8B-3][8B-1][8B-2][8B-7][8B-22][8B-28][8B-8][8B-24][8B-27][8B-11]

	[3, 9]
	0,003241
	0,004028
	0,001389
	0,01037
	[8B-20][8B-17][8B-1][8B-7][8B-8][8B-27][8B-16]

	OOK-4 M=4

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-9, -3]
	0,004321
	0,007121
	0,000463
	0,025926
	[8B-13][8B-21][8B-3][8B-2][8B-7][8B-11]

	[-3, 3]
	0,011111
	0,010328
	0,000463
	0,025926
	[8B-13][8B-21][8B-25][8B-3][8B-2][8B-7][8B-28][8B-24][8B-11]

	[3, 9]
	0,012037
	0,010976
	0,006481
	0,012963
	[8B-13][8B-3][8B-1][8B-2][8B-7][8B-22][8B-28][8B-17]



Clearly, there is a wide variation in a) expected SE for WUS for different waveform types, b) NF assumption, c) coverage target, and d) receiver detection scheme. Consequently, the numbers of WUS symbols needed to carry a certain payload to meet a coverage target are different.
[bookmark: _Toc159213632]Based on TR 38.869, there is a wide variation in a) expected SE for WUS for different waveform types, b) NF assumption, c) coverage target, and d) receiver detection scheme. Further alignment of evaluations is required in WI phase to converge e.g. on the number of WUS symbols needed to carry a certain payload to meet coverage targets.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	For OOK-based detection, WUS duration of multiple tens of slots is required for payloads larger than 8 bits to cover cell edge UEs.
Observation 2	To generate OOK overlaid with OFDM sequences that carry information,
a.	For OOK-1, the OFDM sequences can be similar to one of the existing NR sequences and are transmitted during the ON duration of the OOK signal.
b.	Compared to OOK-1, it is more complex to generate OOK-4 with overlaid OFDM sequences that carry information.
Observation 3	In terms of coverage, OOK-1 slightly outperforms OOK-4 for the same payload and same resource overhead.
Observation 4	For OOK-4,
a.	the complexity of waveform generation is higher for larger values of M.
b.	OOK-4 is more sensitive to timing error than OOK-1 and the sensitivity increases by increasing M. To prevent significant link performance degradation, timing error should be an order of the magnitude smaller than each OOK segment duration.
c.	link-level performance of M-bit OOK significantly degrades for M larger than 4.
Observation 5	LP-SS design should further consider following aspects - Whether to support OOK-1 and/or OOK-4 - Whether to specify the overlaid OFDM sequence as part of the LP-SS - Sequence pattern and duration - Number of available sequences.
Observation 6	Based on TR 38.869, there is a wide variation in a) expected SE for WUS for different waveform types, b) NF assumption, c) coverage target, and d) receiver detection scheme. Further alignment of evaluations is required in WI phase to converge e.g. on the number of WUS symbols needed to carry a certain payload to meet coverage targets.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Following principles should be considered for LP-WUS and LP-SS design
a.	It should be possible to generate LP-WUS/LP-SS transmissions using existing gNB hardware and not trigger any new emissions or compliance requirements.
b.	It should be possible to multiplex the LP-WUS/LP-SS with other NR transmissions in time or frequency domain without causing interference.
c.	It should be possible to reuse any unused LP-WUS time and frequency resources for other transmissions.
Proposal 2	Paging misdetection performance of the UE should not be impacted when LP-WUS is used by the UE for power savings.
Proposal 3	Same sub-carrier spacing (SCS) should be used for LP-WUS and other NR transmissions in the same CP-OFDMA symbol.
Proposal 4	SCS used for LP-SS and Idle mode LP-WUS transmission should be same as the SCS used for initial BWP.
Proposal 5	Including a preamble part before the data part of LP-WUS transmissions should be considered.
Proposal 6	Performance of sequence-based and payload-based LP-WUS structures should be studied further.
Proposal 7	WUS payload size should be at most 8 bits in Idle/Inactive. Similar payload size should be considered for Connected mode.
Proposal 8	OOK-1 should be supported for LP-WUS. If OOK-4 is also supported, it should be with small M (e.g., M ≤ 4).
Proposal 9	LP-WUS design should allow OFDM-based LP-WUR to detect the information sent using OFDM sequences using a smaller monitoring duration compared to that of OOK-based LP-WUR (which detects information sent via OOK).
Proposal 10	It should be possible for NW to flexibly configure the placement of LP-SS resources in frequency and time to minimize overhead and NW energy efficiency impact.
Proposal 11	Consider following values for configuring LP-SS periodicity: 320ms, 640ms, 1280ms, 2560ms, 5120ms, 10240ms (higher values preferred).
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