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1. Introduction
As the WID in RP-234056 [1], the objectives of LP-WUS and LP-SS design are as 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 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.

In this contribution, the design of LP-WUS and LP-SS will be discussed.
2. LP-WUS design
	Agreement
Support both OOK-1 and OOK-4 for LP-WUS. 
· FFS how OOK-1 and OOK-4 are specified 
· For OOK-4, M<=4, FFS supported values
· The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol
· FFS different SCS.



2.1  Waveform
In last RAN1 meeting, both OOK-1 and OOK-4 are supported for LP-WUS. One question needs discussion is how to generate an OOK waveform using existing gNB hardware considering impairments. Generally speaking, LP-WUS generation is considered to be almost const envelope for '1' in the time domain for an 'ON and almost const flat in the frequency domain. Current gNB hardware implementation may consider different implementations for these two parts. Part 1 is for PSS/SSS generation, using non-QAM modulated symbols and the part 2 is for other channels, e.g., PDCCH/PDSCH generation, which uses QAM modulated symbols. If LP-WUS generation is based on part 1, then it is expected that non-QAM is applicable. If LP-WUS generation is based on part 2, for some simplified LP-WUR hardware, it seems difficult to encode each sampling point in the right position, when receiving an OOK-4 based signal. Considering this situation, it is expected to use quantization modulation methods e.g., QPSK, 16QAM, 64QAM to map the samples to the existing constellation.
Proposal 1: For OOK-4, consider mapping frequency domain samples of OOK to the existing constellation, e.g., QPSK, 16QAM, 64QAM.
2.2  Target coverage 
According to the conclusion of RAN1#116, it is recommended to report the target SNR for LP-WUS and LP-SS. Table 1 provides some assumptions of target SNR of LP-WUS and LP-SS to ensure the coverage can meet the requirement of match PUSCH msg3. In this Table, we assume the NF for OOK-based LP-WUR is 12dB, the NF=9.5dB for OFDM-based LP-WUR without FFT is 9dB. For OOK-based LP-WUR, the required SNR of LP-WUS is 2.2 dB. For OFDM-base LP-WUR, the SNR at least to be 4.2dB to ensure the same coverage performance as Msg 3. The detailed link budget is provided in annex A.1.

	
	Bandwidth for LP-WUS signal (MHz)
	NF for LP-WUR (dB)
	Gain of antenna element (dBi) assumed for LP-WUR: 
e.g., -3 dBi for redcap UE and e.g., 0dBi for non-redcap UE
	# of Tx chains for LP-WUS/LP-SS transmission, e.g., 2
Note: The number of Tx chains for LP-WUS/LP-SS transmission is assumed the same as the number of RX chains for MSG3 reception

	MIL value of MSG3: taking redcap UE /non-redcap UE @dense urban 2.6GHz

	The SNR (dB) to achieve the coverage of PUSCH for message3

	CMCC-01 
	5
	12 for OOK-based LP-WUR
	0
	4
	152.87

	2.2

	CMCC-02 
	5
	9.5 for OFDM-based LP-WUR
	0
	4
	155.87

	4.2


Note: The same beamforming gain for Msg3 and LP-WUS is assumed.
Table 1. Target SNR for LP-WUS and LP-SS to achieve of PUSCH for message 3 
Proposal 2: For OOK-based LP-WUS, the required SNR to achieve the coverage of PUSCH for message3 is 2.2 dB. For OFDM-based LP-WUS, the required SNR to achieve the coverage of PUSCH for message3 is 4.2 dB.

To further improve the coverage of LP-WUS, some coverage enhancement schemes can be considered. For example, time domain diversity with repetition can improve the robust and the coverage of LP-WUS, frequency hopping and frequency diversity also can be considered. Besides that, power boosting is a simple method the enhance the coverage with the least standard effort which is preferred from our side.  
Proposal 3: Support power boosting to enhance the LP-WUS coverage. 
2.3  Overlaid OFDM sequence
According to the WID, overlaid OFDM sequences over the OOK symbol are reasonable to be discussed for OFDM-based LP-WUR. Two options to overlaid OFDM sequence in FL summary [4] are shown as below:
· Option 1: The overlaid OFDM sequence(s) carry part of information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s) and location of the OFDM sequence(s)/OOK symbols. 
· Option 2: The overlaid OFDM sequence(s) carry all information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s).
In case of Option1, N bits information is divided into two parts. The first N1 information could be carried by OOK ON-OFF pattern, the other N-N bit information can be carried on OFDM sequence overlaid on OOK ‘ON’ chip. The advantage of this method is OFDM-based WUR can early terminate the LP-WUS information than Option 2. However, to receive entire information of LP-WUS, the N-N1 bit information represent by OOK ON-OFF pattern also need to be detected via envelope detection which may increase the complexity of OFDM based LP-WUR.
In case of Option 2, where the OFDM sequence is overlaid with all information, OFDM based LP-WUR doesn’t need to implement envelope detection and the detection complexity is lower than Option1. All information bits can be carried on OFDM sequence overlaid on OOK ‘ON’ chip without represent by OOK waveform shape. The total detection time of Option 2 is larger than Option 1 but the how much power can be saved for early termination is not so clear..
Taking into account the performance, implementation complexity, and power consumption of the two schemes, we advocate for Option 2 as the baseline overlaid OFDM sequence.
Proposal 4: Support the overlaid OFDM sequence(s) carry all information bits of LP-WUS (i.e., option 2). 
The following outlines three alternative mapping methods for carrying information bits on the OFDM sequence that is overlaid on the OOK symbol:
· Alt 1: total information on every ‘ON’ duration, e.g., 8-bit information is repeated in every ‘ON’
· Alt 2: total information on one ‘ON’ duration, e.g., 8-bit information is carried on the first or last ‘ON’
· Alt 3: the information is split and carried on multiple ‘ON’ duration, e.g., 4 ‘ON’ duration and each carries 2-bit information
                                                                                                                                                    
Proposal 5: The following alternatives can be considered for overlaid OFDM sequence on LP-WUS:
· Alt 1: total information on every ‘ON’ duration, e.g., 8-bit information is repeated in every ‘ON’.
· Alt 2: total information on one ‘ON’ duration, e.g., 8-bit information is carried on the first or last ‘ON’.
· Alt 3: total information is split and carried on multiple ‘ON’ duration, e.g., 4 ‘ON’ duration and each carries 2-bit information.
Regarding sequences for overlaid OFDM sequences, the followings are considered. 
Firstly, selecting existing OFDM sequences for NR signal, such as ZC sequence, M sequence and Golden sequence is more straightforward because it avoids the need for additional specification effort. Secondly, to assist the interference and keep robust performance of LP-WUS, the OFDM sequence should have the good auto-correlation and good cross-correlation property. 
Proposal 6: It is recommended to choose existing NR OFDM sequence such as ZC sequence, M sequence and golden sequence.
2.4  LP-WUS structure design
2.4.1 Necessity of preamble
If LP-WUS relies on LP-SS to obtain synchronization for time calibration, the periodicity of LP-SS will largely impact the LP-WUS performance.
Take the transition region (TR38.869 section 6.2.3 model for time-frequency impairment) model as an example, i.e., Te= ΔT+ Tr = Fr*T ±0.5 * F’ *T2 + Tr. If Fr=50-200ppm, T=320ms, Tr=~ 0 (remaining residual time error after each LP-SS time synchronization is ideal), F’=0.1ppm/s, it can be derived that the time error for 320ms LP-SS is around 7-20us. According to the link-performance study in 2.4.2, such a large time error has a big impact on the link performance, thus the preamble part is necessary for LP-WUS detection to tolerate the time error. 
There could be some improvements to reduce time error, one possibility is to reduce Fr, which requires frequency correction for the LP-SS. However, it is not easy for OOK-based LP-WUR to correct the frequency error with the existing OOK based receiver implementation. 
An improvement to reduce the frequency error (Fr) can be achieved with the assistance of a MR when the device is awakened. Assuming a paging rate of 1% per UE and an i-DRX cycle of 1.28 seconds, a frequency drift of 0.1 ppm/s over a 128-second period would result in a frequency error of 12.8 ppm. This, in turn, could cause a time error of approximately 4 ~ 5 us.
In order to reduce the specification effort, the preamble can reuse the sequence design of LP-SS.
Proposal 7: Preamble is needed for LP-WUS to tolerate time error. The preamble can reuse the sequence design of LP-SS which can reduce the specification effort.
2.4.2 LP-WUS structure
As the discussion above, we think the preamble part is necessary for LP-WUS. Based on this assumption, we provide the following LP-WUS detection steps:
· Step 1: LP-WUS preamble part detection.
· Step 2: LP-WUS information part detection.
· Option 1: payload + CRC (see figure.1)
· Option 2: sequence 1(wake-up or not) + sequence 2(additional info, e.g., sub grouping information) (see figure 2)
[image: ]
Figure 1. LP-WUS structure option 1

[image: ]
Figure 2. LP-WUS structure option 2

The first step is a preamble signal part which is used for synchronization. For the information part, two options can be studied. For option 1, this is a payload-based method, the LP-WUR can detect the LP-WUS information part when it receives the preamble signal part, and then it will be easier for LP-WUR to know the size of the payload signal and demodulate the information, the CRC is used to double-check the correction of the LP-WUS. Whether the LP-WUS is absent or present depends on the preamble signal detection and CRC pass or not. For option 2, this is a sequence-based method. In this scheme, we divide the sequence into two parts. For sequence 1, it can be used for absent or present detection by 1 pre-determined sequence, which indicates wake-up or not. For sequence 2, it can be designed to carry the additional information of LP-WUS such as sub-grouping information. The reason why we would like to design two sequence parts is option 2 does not have the check module for the correction of LP-WUS. In order to decrease the miss detection rate and false alarm rate, part 1 is used to check whether it is an LP-WUS, and then investigate the MDR of sequence 2. 

In order to compare the performance of different channel structure schemes, we assume the LP-WUS carries 8-bit sub-grouping information to indicate UE wake-up like PEI in Rel-17. In the simulation of Option 1, we assume the structure of LP-WUS is 8-bit payload and 10-bit CRC to meet the  FAR requirements, the signal is modulated by OOK-1 with 30kHz SCS encoded by 1/2 Manchester. In the simulation of Option 2 sequence 1 part, two candidate sequences are considered for 1 bit absence information:
· Alt 1a: one 4 symbol length sequence for carrying 1-bit (e.g., presence/absence) information;
· Alt 1b: one 8 symbol length sequence for carrying 1-bit (e.g., presence/absence) information;
And for option 2 sequence 2 part, two candidate sequences are considered, assuming the total information is 8 bit:
· Alt 2a: 4 symbol length sequence carrying 1-bit, and eight 1-bit sequences are concatenated carrying total 8-bit;
· Alt 2b: 8 symbol length sequence carrying 2-bit, and four 2-bit sequences are concatenated carrying total 8-bit.
In order to compare the performance of different waveform, we provide various sequences in which the on-off duty cycle=50% is applicable to each modulation method as in Annex A.2. In addition, the muti beam transmission diversity gain is not considered in the LLS.
The following is the summary of simulation results of each scheme of OOK-based LP-WUR under different time errors, we marked simulation result in green to represent it can meet the SNR requirement derived in section 2.2. From the simulation results, we can see that for Option 1 and 8 symbol sequence in Option 2 can meet the target SINR in most cases. 

	
	Sequence length
	Modulation method
	Time error/us
	SNR/dB (with 1% BLER/MDR)

	Option 1
	8bit payload +10 bit CRC
	OOK-1
	4
	0.51

	Option 2: sequence 1 part (wake-up or not)
	Alt 1a: 4 symbol (1-bit)
	OOK-1
	4
	2.34

	
	
	OOK-4 M=2
	4
	3.03

	
	
	OOK-4 M=4
	4
	3.5

	
	Alt 1b: 8 symbol (1-bit)
	OOK-1
	4
	1.01

	
	
	OOK-4 M=2
	4
	1.24

	
	
	OOK-4 M=4
	4
	2.26

	Option 2: sequence 2 part (additional info, e.g., sub grouping information)
	Alt 2a:4 symbol (1-bit) * 8
	OOK-1
	4
	1.01

	
	
	OOK-4 M=2
	4
	3.31

	
	
	OOK-4 M=4
	4
	7.69

	
	Alt 2b:8 symbol (2-bit) * 4
	OOK-1
	4
	0.55

	
	
	OOK-4 M=2
	4
	0.24

	
	
	OOK-4 M=4
	4
	0.35


Table 2. Comparison the performance of different options when time error is 4us (the coverage of LP-WUS with green lines is better than the msg3 coverage, i.e., 2.2dB)

	
	Sequence length
	Modulation method
	Time error/us
	SNR/dB (with 1% BLER/MDR)

	Option 1
	8bit payload +10 bit                                                                                                                                  CRC
	OOK-1
	2
	-0.24

	Option 2: sequence 1 part (wake-up or not)
	Alt 1a: 4 symbol (1-bit)
	OOK-1
	2
	2.14

	
	
	OOK-4 M=2
	2
	2.49

	
	
	OOK-4 M=4
	2
	2.97

	
	Alt 1b: 8 symbol (1-bit)
	OOK-1
	2
	0.64

	
	
	OOK-4 M=2
	2
	0.93

	
	
	OOK-4 M=4
	2
	1.64

	Option 2: sequence 2 part (additional info, e.g., sub grouping information)
	Alt 2a:4 symbol (1-bit) * 8
	OOK-1
	2
	0.48

	
	
	OOK-4 M=2
	2
	1.32

	
	
	OOK-4 M=4
	2
	3.07

	
	Alt 2b:8 symbol (2-bit) * 4
	OOK-1
	2
	0.15

	
	
	OOK-4 M=2
	2
	0.04

	
	
	OOK-4 M=4
	2
	0.15


Table 3. Comparison the performance of different options when time error is 2us (the coverage of LP-WUS with green lines is better than the msg3 coverage, i.e., 2.2dB)


	
	Sequence length
	Modulation method
	Time error/us
	SNR/dB (with 1% BLER/ MDR)

	Option 1
	8bit payload +10 bit CRC
	OOK-1
	0
	-0.42

	Option 2: sequence 1 part (wake-up or not)
	Alt 1a: 4 symbol (1-bit)
	OOK-1
	0
	2.06

	
	
	OOK-4 M=2
	0
	2.15

	
	
	OOK-4 M=4
	0
	2.46

	
	Alt 1b: 8 symbol (1-bit)
	OOK-1
	0
	0.64

	
	
	OOK-4 M=2
	0
	0.53

	
	
	OOK-4 M=4
	0
	0.9

	Option 2: sequence 2 part (additional info, e.g., sub grouping information)
	Alt 2a:4 symbol (1-bit) * 8
	OOK-1
	0
	0.48

	
	
	OOK-4 M=2
	0
	0.39

	
	
	OOK-4 M=4
	0
	0.93

	
	Alt 2b:8 symbol (2-bit) * 4
	OOK-1
	0
	0.15

	
	
	OOK-4 M=2
	0
	0.16

	
	
	OOK-4 M=4
	0
	0.15


Table 4. Comparison the performance of different options without error (0us) (the coverage of LP-WUS with green lines is better than the msg3 coverage, i.e., 2.2dB)

Proposal 8: The following options can be considered for LP-WUS structure design:
· Part 1: LP-WUS preamble part.
· Part 2: LP-WUS information part.
· Option1: payload + CRC
· Option 2: sequence 1(wake-up or not) + sequence 2(additional info, e.g., sub grouping information) 

2.5  Coding
To improve the performance of LP-WUS, choosing Manchester coding as the line coding method is reasonable. First of all, Manchester coding can benefit both the transmitter side and receiver side. For transmitter, when LP-WUS based on OOK-4 with M=4, Manchester coding can help power concentrated and balance each pulse which can improve the SNR gain. For receiver, Manchester coding is helpful to solve the threshold issue for distinguish ON and OFF by just comparing the energy between two consecutive OOK symbols. Besides that, Manchester coding has been used in many previous simulations, many assumptions are based on Manchester coding and obtained the good coverage performance with negligible power consumption. What’s more Manchester coding is also useful for overlaid OFDM sequence as it can provide a significant ‘on’ pulse. Therefore, we think Manchester coding is suitable for LP-WUS encoding.
Proposal 9: Support Manchester coding for LP-WUS. 
2.6  Bandwidth and location
The BW of LP-WUS should at least be confined to the 5MHz. Two reasons for that:
· RAN4 channel BW situation: During the RAN4 discussion, the concept of a guard band which is the granularity of RB for ACS/ASCS protection has been put forward. When designing the bandwidth of LP-WUS, it is reasonable to consider the range of the band-pass filter and keep some guard bands to avoid missing information. In general, the band-pass filter is set to 4.32MHz, and the guard band is set to 1~6 RB. Therefore, it is reasonable to design 5MHz as the LP-WUS.  
· NR system BW most likely is no less small than 5MHz, so 5MHz is enough and a good balance between system performance (i.e., coverage) and flexibility.
[bookmark: _Hlk159140117]Guard PRBs should be reserved and is ongoing studied in RAN4. The remaining PRBs excluding guard PRBs can be considered for LP-WUS transmission. In addition, for harmonized design for RRC IDLE/INACTIVE and CONNECTED states, we suggest have a common bandwidth for them.
Proposal 10: The bandwidth of LP-WUS should at least be confined to 5MHz and is the same in RRC IDLE/INACTIVE and CONNECTED states. 
Regarding the frequency location of LP-WUS, there are two aspects that need discussion, the first one is whether the frequency location is flexible or restricted, and the second one is the relationship with initial DL BWP.
· For LP-WUS location within a carrier, the advantage of the LP-WUS bandwidth at a certain location is a lower requirement for the hardware and easier to implement than flexible location. The disadvantage of bandwidth restriction is it will cause the scheduling restrictions when multiplexing with other NR signals.
· If the LP-WUS is configurable within carrier/BWP in a band, another issue that needs discussion is whether the LP-WUS should always be confined within the initial DL BWP. Initial DL BWP is located in a limited BW and fixed location. LP-WUS may occupy 5MHz BW and different UE/group may be located in different frequency resources. Hence restricting LP-WUS to be confined within the initial DL BWP is not flexible. Moreover, the LR can receive signals independently of MR. Therefore, whether the LP-WUS bandwidth is inside or outside of DL BWP can be considered.
Proposal 11: Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered.
Another issue is whether the LP-WUR and MR should be operated in the same band. Considering it will lead to higher costs if LP-WUR needs to support all bands of MR. Therefore, at least it should consider the case when the LP-WUR receives LP-WUS in a band/carrier that is not for MR receiving.
Proposal 12: Support LP-WUS and signals/channels used by MR could be located in different band/carrier.
If the LP-WUS is supported in a different band/carrier than MR, how to wake up the MR by LP-WUS if they are in different bands/carriers should be further studied. For example, allowing LP-WUS carrying information of which carrier/band to be waked up. 
3. LP-SS design
	Agreement
Further study the following options for LP-SS:
· Option 1: OOK-1 
· Option 2: OOK-4 with M=1,2,4,[8]
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
· FFS: different SCS

Agreement
For LP-SS design from RAN1 perspective, consider at least the following as the design target:
· For RRM measurement performed by LP-WUR based on LP-SS, UE can satisfy measurement accuracy based on X LP-SS samples within a period which is comparable to Y=the length of I-DRX cycle that is larger or equal to 1.28s.
· FFS: X  
· Note: Y is chosen for evaluating LP-SS design. 
· Network overhead and network power consumption are to be considered

Agreement
The ‘ON-OFF’ pattern for OOK symbols of LP-SS is based on binary sequence(s)
· FFS binary sequence(s) details, including the sequence type, the number of sequences, and the sequence length
· FFS overlaid OFDM sequences, if supported

Agreement
For the overlaid OFDM sequence(s) for LP-SS, consider the following options for further down-selection:
· Option 1: Do not specify the overlaid OFDM sequences(s) 
· Option 2: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation without targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· Option 3: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation and also targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· For Option 3, it is up to RAN4 to make decision on whether/how to define the RRM measurement requirement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.



3.1  Waveform
Considering we have already agreed that both OOK-1 and OOK-4 are supported for LP-WUS, both these two waveforms can be supported to LP-SS. To reduce the additional complexity of gNB hardware, maximum M=4 should be supported for LP-SS to align with LP-WUS design.
Proposal 13: Support both OOK-1 and OOK-4 (M<=4) for LP-SS.
Another discussion issue is whether to support overlaid OFDM sequence on LP-SS. In our view, the basic design principle of LP-SS is to align with LP-WUS to lest the extra complexity and a common design between OOK-based LP-WUR and OFDM-based LP-WUR. Based on this concept, we prefer to support specifying OFDM sequence overlaid for LP-SS, because the complexity will be increased for OFDM-based LP-WUR since we have already support the overlaid OFDM sequency on LP-WUS. Regarding the comparison between Option 2 and Option 3, if overlaid specific OFDM sequence is supported on LP-SS, the OFDM-based LP-WUR can use LP-SS for synchronization and RRM directly instead of receiving PSS and SSS. In addition, we also need to discuss the MR RRM relaxation and MR RRM offloading to LP-WUR, the overlaid LP-SS design can facilitate the common design for RRM regardless LP-WUR type. Therefore, we prefer to support option 3 overlaid OFDM sequence to help sync and measurement.
Proposal 14: Support Option 3 to overlaid specific OFDM sequence on LP-SS to assist sync and measurement.
3.2  LP-SS periodicity
Regards the remaining time error after LP-SS detection, according to the relationship between the frequency error (Fe) and corresponding timing drift (ΔT) introduced in TR38.869, we calculated the maximum time error of LP-SS in different cycles as shown in Table 5. The maximum time error (Te) increases when the periodicity of LP-SS increases. Also, according to the simulations and observations in the TR38.869, it is shown the RSRP accuracy can be achieved by LP-SS. 4 or 5 periods is suggested by multiple sources for a DRX cycle (assuming 1.28s), which roughly approximate 200-300ms for LP-SS cycle. 
	Periodicity
	160ms
	320ms
	1280ms

	Overhead
	0.8%
	0.4%
	0.1%

	Maximum Te(us) 
	8
	16
	64


Note:  Take the transition region (TR38.869 section 6.2.3 model for time-frequency impairment) model as an example, i.e., Te= ΔT+ Tr = Fr*T ±0.5 * F’ *T2 + Tr, assuming Fr=50-200ppm, T=160ms/320ms/1280ms, Tr=~ 0 (remaining residual time error after each LP-SS time synchronization is ideal), F’=0.1ppm/s.
Table 5. The theoretical overhead and maximum Te under different periodicity
[image: IMG_256]
Therefore, when considering the periodical of LP-SS, it should trade off the overhead, time error impact, RSRP accuracy. The periodicity of LP-SS is suggested to be 320ms.
Proposal 15: The periodicity of LP-SS is suggested to be 320ms.
3.3  LP-SS information
LP-SS can be used as a periodic signal to synchronize LP-WUS, it also can be used as a reference signal for RRM measurement by the dedicated LP metrics and threshold to offloading MR RRM measurement. It is necessary to carry the following information in LP-SS to meet its function requirement:
· Cell ID related information
· This information is used for LP-WUR to differentiate serving cells.
· An indication for whether UE needs to read LP-WUS configuration from the current cell
· Similar function as If lastUsedCellOnly indication for PEI.

Proposal 16: Consider the following information to be carried in LP-SS:
· Cell ID related information;
· An indication for whether UE needs to read LP-WUS configuration from the current cell.
4. Conclusions
In this contribution, we discussed the LP-WUS and LP-SS design, and the following proposals were made.
Proposal 1: For OOK-4, consider mapping frequency domain samples of OOK to the existing constellation, e.g., QPSK, 16QAM, 64QAM.
Proposal 2: For OOK-based LP-WUS, the required SNR to achieve the coverage of PUSCH for message3 is 2.2 dB. For OFDM-based LP-WUS, the required SNR to achieve the coverage of PUSCH for message3 is 4.2 dB.
	
	Bandwidth for LP-WUS signal (MHz)
	NF for LP-WUR (dB)
	Gain of antenna element (dBi) assumed for LP-WUR: 
e.g., -3 dBi for redcap UE and e.g., 0dBi for non-redcap UE
	# of Tx chains for LP-WUS/LP-SS transmission, e.g., 2
Note: The number of Tx chains for LP-WUS/LP-SS transmission is assumed the same as the number of RX chains for MSG3 reception

	MIL value of MSG3: taking redcap UE /non-redcap UE @dense urban 2.6GHz

	The SNR (dB) to achieve the coverage of PUSCH for message3

	CMCC-01 
	5
	12 for OOK-based LP-WUR
	0
	4
	152.87

	2.2

	CMCC-02 
	5
	9.5 for OFDM-based LP-WUR
	0
	4
	155.87

	4.2


Note: The same beamforming gain for Msg3 and LP-WUS is assumed.

Proposal 3: Support power boosting to enhance the LP-WUS coverage. 
Proposal 4: Support the overlaid OFDM sequence(s) carry all information bits of LP-WUS (i.e., option 2). 
Proposal 5: The following alternatives can be considered for overlaid OFDM sequence on LP-WUS:
· Alt 1: total information on every ‘ON’ duration, e.g., 8-bit information is repeated in every ‘ON’.
· Alt 2: total information on one ‘ON’ duration, e.g., 8-bit information is carried on the first or last ‘ON’.
· Alt 3: total information is split and carried on multiple ‘ON’ duration, e.g., 4 ‘ON’ duration and each carries 2-bit information.

Proposal 6: It is recommended to choose existing NR OFDM sequence such as ZC sequence, M sequence and golden sequence.
Proposal 7: Preamble is needed for LP-WUS to tolerate time error. The preamble can reuse the sequence design of LP-SS which can reduce the specification effort.
Proposal 8: The following options can be considered for LP-WUS structure design:
· Part 1: LP-WUS preamble part.
· Part 2: LP-WUS information part.
· Option1: payload + CRC
· Option 2: sequence 1(wake-up or not) + sequence 2(additional info, e.g., sub grouping information) 
Proposal 9: Support Manchester coding for LP-WUS. 
Proposal 10: The bandwidth of LP-WUS should at least be confined to 5MHz and is the same in RRC IDLE/INACTIVE and CONNECTED states. 
Proposal 11: Support flexibility configuration of LP-WUS bandwidth location. Both inside and outside initial DL BWP can be considered.
Proposal 12: Support LP-WUS and signals/channels used by MR could be located in different band/carrier.
Proposal 13: Support both OOK-1 and OOK-4 (M<=4) for LP-SS.
Proposal 14: Support Option 3 to overlaid specific OFDM sequence on LP-SS to assist sync and measurement.
Proposal 15: The periodicity of LP-SS is suggested to be 320ms.
Proposal 16: Consider the following information to be carried in LP-SS:
· Cell ID related information;
· An indication for whether UE needs to read LP-WUS configuration from the current cell.
5. Reference
[1] RP-234056 New WID: Low-power wake-up signal and receiver for NR (LP-WUS/WUR)
[2] TR 38.869 Study on low-power wake up signal and receiver for NR
[3] Chair notes RAN1#116 eom0
[4] R1-2401665 Summary of discussions on LP-WUS and LP-SS design
Annex
A.1 Link budget
	System configuration
	PUSCH-msg 3
	LP-WUS

	Carrier frequency (GHz)
	2.6
	2.6

	BS antenna heights (m)
	25
	25

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability (%)
	90%
	90%

	Lognormal shadow fading std deviation (dB)
	7
	7

	Pathloss model (select from LoS or NLoS)
	NLOS
	NLOS

	UE speed (km/h)
	3
	3

	Transmitter
	　
	　

	(1) Number of transmit antenna elements.
	1
	192

	(2) Number of ([transmit TxRUs) or (modelled transmit chains)]
Note: this row is void (left empty) for uplink
	-
	64

	(2a) Number of transmit chains modelled in LLS
	1
	4

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 
	23
	53

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	720000
	100000000

	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) (DL)
Note: For FR1 downlink, (3b) should satisfy the following: 
  For 4GHz frequency, 24 and 33
  For 2.6 GHz frequency, 33
  For 700MH and 2GHz frequency, 36
Note: For FR2 downlink, the following should be satisfied:
   For FR2 40 dBm for 100 MHz Urban scenario,
   For FR2  23 dBm for 100 MHz Indoor scenario.
Note: no PSD constraint for uplink
	-
	33

	Occupied PRB number
	2
	12

	Sub-carrier spacing (kHz)
	30
	30

	(3c) bandwidth used for the evaluated channel  (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
          for uplink, (3a) = (3c)
	720000
	4320000

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23
	39.35

	(4) total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) - (4b)  (dB)
	0
	12.77

	(4a) antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
       =   (4c) + 10 log ( (1) / (2) ) (dB)  for downlink, and
       =   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	0
	12.77

	(4b) antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0
	0

	(4c) gain of antenna element (dBi) 
	0
	8

	(5) total antennna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink
	0
	12.04

	(5a) antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink
	0
	12.04

	(5b) antena gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink
	0
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1
	1

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	22
	63.16724984

	Receiver
	　
	　

	(10) Number of receive antenna elements
	192
	1

	(10a) Number of receive [(receive TxRUs) or (modelled receive chains)]
Note: this row is void (empty) for downlink
	64
	　

	(10b) Number of receive chains modelled in LLS
	4
	1

	(11)  total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	12.77
	0.00 

	(11a) antenna gain at antenna gain component 3 & antenna gain component 4 of receiver 
    =  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
    =  (11c) + 10 log (  (10)/(10b) )     (dB) for downlink
	12.77
	0

	(11b) antena gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0
	0

	(11c) gain of antenna element (dBi)
	8
	0

	(11bis) total antenna gain at antenna gain component 2  of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink
	12.04
	0.00

	(11bis-a) antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for donwlink
	12.04
	0.00

	(11bis-b) antena gain correction factor at antenna gain component 2 of receiver (dB)
Note:  zero for downlink
	0
	0

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3
	1

	(13) Receiver noise figure (dB)
	5
	12

	(14) Thermal noise density (dBm/Hz)
	-174
	-174

	(15) Receiver interference density (dBm/Hz) 
	-165.70 
	-169.3

	(16) Total noise plus interference density     
   = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-164.03
	-161.26

	(18) Effective noise power = (16) + 10 log((3c))   (dBm)
	-105.46
	-94.90

	(19) Required SNR (dB)
	-5.60
	2.2

	(20) Receiver implementation margin (dB)
	2.00
	2

	(21) H-ARQ gain (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.00
	0

	(22) Receiver sensitivity = (18) + (19)  + (20) – (21)  (dBm)
	-109.06
	-90.70

	(22bis) MCL = (3bis)  - (22) + (5) + (11bis)   (dB)
	144.10
	142.10

	(23) Hardware link budget, a.k.a MIL  = (9) + (11) + (11bis) − (12) − (22)   (dB)
Note: MIL can also be derived by (22bis) + (4) – (8) + (11) − (12)
	152.87
	152.87


A.2 LLS Simulation
A.2.1 Simulation assumption

	Parameter
	Assumptions

	Scenario 
	2.6GHz dense urban

	Signal Bandwidth
	12RB（4.32MHz）

	Subcarrier spacing
	30kHz

	Channel model
	TDL-C 300ns 

	UE speed
	3 km/h

	Number of RX antennas
	1

	Time/frequency synchronization
	Ideal

	Phase noise
	Non

	ADC sampling rate
	15.36/7.68/3.84/1.92 MHz

	ADC width
	Ideal quantization

	Coding
	1/2 Manchester encoding


[bookmark: _Ref131781090]Table A.1.1 General simulation assumptions for LP-WUS

	Length
	Sequence

	4
	[0 1 1 0]

	8
	[0 0 1 1 0 1 0 1]

	16
	[1 1 1 0 0 0 1 0 0 0 1 0 1 1 0 1]

	32
	[0 0 0 1 1 1 1 0 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 1 1 1 0 1 1 1 0 1]


Table A.1.2 Simulated sequence for LP-WUS Option 2 Sequence 1

	Bit
	Length
	Sequence

	1-bit
	4
	[0 1 1 0]
[1 0 0 1]

	
	8
	[0 0 1 1 0 1 0 1]
[1 1 0 0 1 0 1 0]

	
	16
	[1 1 1 0 0 0 1 0 0 0 1 0 1 1 0 1]
[0 0 0 1 1 1 0 1 1 1 0 1 0 0 1 0]

	2-bit
	8
	[1 1 0 0 0 0 0 0] 
[0 0 1 1 0 0 0 0]
[0 0 0 0 1 1 0 0]
[0 0 0 0 0 0 1 1]

	
	16
	[1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0]
[0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0]
[0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0]
[0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1]

	
	32
	[1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0]
[0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0]
[0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0]
[]0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1


Table A.1.3 Simulated sequence for LP-WUS Option 2 Sequence 2


A.2.2 Simulation results of Option1


Figure A.2.4.1. The performance of option 1(8bit payload +10 bit CRC) under different time error

A.2.3 Simulation results of Option2
sequence 1 part


Baseline of 4 symbol(1-bit) sequence based on OOK-1, OOK-4 M=2, 4 without time error


Baseline of 8 symbol(1-bit) sequence based on OOK-1, OOK-4 M=2, 4 without time error



Performance of 4 symbol(1-bit) sequence based on OOK-1, OOK-4 M=2, 4 with different time error



Performance of 8 symbol(1-bit) sequence based on OOK-1, OOK-4 M=2, 4 with different time error
sequence 2 part


Baseline of 4 symbol(1-bit) sequence based on OOK-1, OOK-4 M=2, 4 without time error



Performance of 4 symbol(1-bit)*4 length sequence based on OOK-1 with Te=0,2,4 us



Performance of 4 symbol(1-bit)*8 length sequence based on OOK-4 M=2 with Te=0,2,4 us


Performance of 4 symbol(1-bit)*16 length sequence based on OOK-4 M=4 with Te=0,2,4 us



Baseline of 8 symbol(2-bit) sequence based on OOK-1, OOK-4 M=2, 4 without time error



Performance of 8 symbol(2-bit)*8 length sequence based on OOK-1 with Te=0,2,4 us



Performance of 8 symbol(2-bit)*16 length sequence based on OOK-4 M=2 with Te=0,2,4 us



Performance of 8 symbol(2-bit)*32 length sequence based on OOK-4 M=4 with Te=0,2,4 us
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Sequence part 2: 1-bit & 4 symbol sequence

 OOK-1 MDR of 4 length

 OOK-1 BLER of 4 length

 OOK-1 Threshold of 4 length

 OOK-4 M=2 MDR of 8 length

 OOK-4 M=2 BLER of 8 length

 OOK-4 M=2 Threshold of 8 length
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 OOK-4 M=4 Threshold of 16 length
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Sequence part 2: 1-bit & 4 symbol sequence

 OOK-1 MDR of 4 length Te = 0
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 OOK-1 BLER of 4 length Te = 0
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Sequence part 2: 1-bit & 4 symbol sequence

 OOK-4 M=2 MDR of 8 length Te = 0

m

s

 OOK-4 M=2 BLER of 8 length Te = 0

m

s

 OOK-4 M=2 MDR of 8 length Te = 2

m

s

 OOK-4 M=2 BLER of 8 length Te = 2

m

s

 OOK-4 M=2 MDR of 8 length Te = 4
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 OOK-4 M=2 BLER of 8 length Te = 4
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SNR(dB)

Rate

FAR@0.1%, TDLC-300 channel, 5rd Buttordworth @4.32MHz, ideal ADC @3.84MHz
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Sequence part 2: 1-bit & 4 symbol sequence

 OOK-4 M=4 MDR of 16 length Te = 0
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FAR@0.1%, TDLC-300 channel, 5rd Buttordworth @4.32MHz, ideal ADC @3.84MHz
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Sequence part 2: 2-bit & 8 symbol sequence

 OOK-1 ACK to miss of 8 length

 OOK-1 ACK to NACK of 8 length

 OOK-1 Threshold of 8 length

 OOK-4 M=2 ACK to miss of 16 length

 OOK-4 M=2 ACK to NACK of 16 length

 OOK-4 M=2 Threshold of 16 length

 OOK-4 M=4 ACK to miss of 32 length

 OOK-4 M=4 ACK to NACK of 32 length

 OOK-4 M=4 Threshold of 32 length
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FAR@0.1%, TDLC-300 channel, 5rd Buttordworth @4.32MHz, ideal ADC @3.84MHz
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Sequence part 2: 2-bit & 8 symbol sequence

 OOK-1 ACK to miss of 8 length Te = 0
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s

 OOK-1 ACK to NACK of 8 length Te = 0
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FAR@0.1%, TDLC-300 channel, 5rd Buttordworth @4.32MHz, ideal ADC @3.84MHz
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Sequence part 2: 2-bit & 8 symbol sequence
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FAR@0.1%, TDLC-300 channel, 5rd Buttordworth @4.32MHz, ideal ADC @3.84MHz
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Sequence part 2: 2-bit & 8 symbol sequence
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FAR@0.1%, TDLC-300 channel, 5rd Buttordworth @4.32MHz, ideal ADC @3.84MHz
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«8.34.1A Observation RSRP LP-SS, TDL-C: «

For OOK based LP-SS RSRP measurement accuracy ([8B-1][8B-13],[8B-7],[8B-25])

«  at SNR X6, to achieve 90 % accuracy of measurement +-Y<~3dB, [8B-13],[8B-7] show 5170 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows
1120 symbols spread over 1 period is sufficient.c
at SNR X3, to achieve 90 % accuracy of measurement +Y<~3dB, less than 10 symbols spread over 1-2 periods is sufficient, [SB-25][8B-1]¢
at SNR X9, to achieve 90 % accuracy of measurement +Y<~5dB, [8B-25],[8B-7] show 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [$B-13] shows
that 11-20 symbols within | period are sufficient <

« at SNR X—6, to achieve 90 % accuracy of measurement +-Y<~5dB,, [8B-7] shows 21-30 symbols spread over 4-5 periods of LP-SS are sufficient, [8B-13] shows that 11-

20 symbols within 1 period are sufficient.c’





