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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements are made for the LP-SS and LP-WUS designs in the past meetings. 

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.
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.
Agreement
For OOK-4 with M >1, support M=2 & M=4 (working assumption) for LP-WUS. 
· FFS whether value of M depends on SCS
· FFS M=1 for OOK-4
Agreement
For evaluation purpose on LP-WUS, companies report the overlaid OFDM sequence(s), including:
· Sequence(s) generation and how sequence(s) map in time or frequency domain (including any details with multiplexing and IFFT).
· Number of candidate overlaid OFDM sequences used for information conveying
· Including details on whether the number of candidate overlaid sequences is per OFDM symbol or per OOK symbol
· How the proposed sequence design is processed by OFDM-based LP-WUR, e.g., in time domain or in frequency domain or in both time and frequency domain.

Agreement
Support to specify multiple binary LP-SS sequences for the ‘ON-OFF’ pattern:
· The LP-SS sequence used in a cell is
· Option 1: a sequence is configured
· Option 2: a sequence is determined by predefined rule
· FFS: Whether both options will be supported or only one will be supported
· FFS: the number of LP-SS sequences
· Note: Multiple sequences are used to differentiate LP-SS from different cells

Agreement
From RAN1 perspective, support X PRBs for LP-WUS and LP-SS with SCS 30kHz (blanked guard RBs are not included) for a channel bandwidth equal or larger than 5MHz.
· X to be down-selected between 11 and 12 PRBs 
· FFS the number of PRBs for 15kHz
· FFS if other number of PRBs needed, for LP-SS and LP-WUS with a channel bandwidth equal or less than 5MHz
FFS: Whether the above is applicable to FR2.

Agreement
For timing error evaluation purpose, the following two options for residual frequency error are considered:
· Option 1: The maximum frequency error (Fe) of RTC/oscillator is assumed, companies report Fe value and the applied LP-WUR type.
· Option 2: The residual frequency error (Fr) after frequency error correction/clock calibration by LR or after assistance from MR is assumed, companies report Fr value, how to achieve it and the applied LP-WUR type.
Agreement
For frequency error evaluation purpose, the following two options for residual frequency error are considered:
· Option 1: The maximum frequency error (Fe) of oscillator is assumed, companies report Fe value and the applied LP-WUR type.
· Option 2: The residual frequency error (Fr) after frequency error correction by LR or after assistance from MR is assumed, companies report Fr value, how to achieve it and the applied LP-WUR type.
Working assumption
Support the following options for LP-SS
· Option 1: OOK-1 
· Option 2: OOK-4 with M=2,4, FFS:1,8,16
· FFS whether value of M depends on SCS
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
FFS how OOK-1 and OOK-4 are specified 

Agreement
Regarding the LP-WUS information for idle/inactive UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] subgroups
· Option 2: A codepoint value corresponding to one or more subgroup(s)
· Option 3: Multiple codepoint values with each corresponding to one or more subgroup(s)
· Combination of above options are not precluded
· FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences.
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· Other options are not precluded
Agreement
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)
Conclusion: 
For calibration purposes, companies are encouraged to report the SNR to achieve the coverage of PUSCH for message3, at least with the following assumptions: 
· Carrier frequency: 2.6 GHz
· The number of Tx chains: 1
· MIL of MSG 3: use the average one in R17 coverage, i.e.,153.51 dB for non-redcap UE
· Transmit antenna gain correction factors for WUS: up to company report
· Noise Figure: All three values +2dB, +5dB, +8dB on top of NF of MR (7dB) are to be reported, SNR for different assumptions on NF are determined separately
Agreement
For the purpose of further study and evaluation in RAN1, the following candidate sequences for the overlaid OFDM sequence are considered:
· Gold sequence
· M-sequence
· ZC sequence
· Chirp sequence
· Walsh sequence
· Golay sequence
· Kasami sequence
· Low density sequence
· DFT/FFT sequence
· QAM symbol-based sequence
· Combinations and optimizations of above are not precluded
Companies are encouraged to provide an assessment on performance, required complexity, and power consumption to support their preferred sequence. Companies are encouraged to provide details on their preferred sequence (e.g. references).
Agreement
Regarding the overlaid OFDM sequence(s) of LP-WUS, consider the following options:
· Option 1: Single overlaid sequence is on each OOK ‘ON’ symbol or OFDM symbol duration. OFDM-based LP-WUR can obtain the whole information bits by the presence of the overlaid sequence.
· Option 1-2: The overlaid OFDM sequence is pre-determined from multiple sequences. This sequence carry NO information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by the OOK ON/OFF pattern.
· Option 2: One sequence is selected from multiple candidates overlaid OFDM sequences on each OOK ‘ON’ symbol or OFDM symbol duration, and OFDM-based LP-WUR obtain LP-WUS information at least by overlaid OFDM sequence(s). Consider the following two sub-options.  
· Option 2-1: 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 2-2: The overlaid OFDM sequence(s) carry all information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by the overlaid OFDM sequence(s)
· Option 3: One sequence is selected from multiple candidates overlaid OFDM sequences on one or more OOK ‘ON’ symbols, and OFDM-based LP-WUR obtain LP-WUS information at least by overlaid OFDM sequence(s). 
· Option 4: Use of modulated overlay sequence with constellation point: overlay sequence acting as a spreading sequence and constellation point carrying information for OFDM-based LP-WUR. 
Other options are not precluded

In this contribution, the LP-SS and LP_WUS designs are discussed. 
2. Discussion
2.1 LP-SS design
As noted in the WID [2], The waveform selection design between OOK-1 and OOK-4 for LP-SS should take into consideration of cheap local oscillator supported at the LPWUR for timing error correction. The OOK-1 performs better than OOK-4 in the presence of timing error [3] which is one of the main functionalities of the LP-SS thereby OOK-1 can be supported as LP-SS waveform. The periodicity of LP-SS should be longer so that the network power consumption can be minimized. The LP-SS can be transmitted once or twice in a second and considering the clock drift due to the oscillator, the LPWUR needs to wake up before each LP-SS monitoring occasion. The LP-SS is transmitted with a period and an offset. The period is configured from a limited period set {960,640,320…} or configured as multiple times of the period of SSB operated in Main Radio (MR) for similar/same cell coverage as SSB. The offset includes the frame number offset within the period of LP-SS. In case LP-SS and SSB are in the same BWP/carrier, the offset configuration should avoid the potential collision between LP-SS with SSB transmission. The sequence transmission within the OOK-1 signal improves the performs of the detection using correlator by 3dB compared to the Envelope detection which helps in matching the Msg-3 coverage. Hence the OOK-1 with overlaid sequence can be considered for the baseline design of LPWUS.  
Proposal 1: Consider OOK-4, M=1 as the LP-SS waveform with overlaid sequence for the baseline LP-SS design.     
Proposal 2: Consider 640ms, 960ms as candidate periodicity for LP-SS 
RAN1 should further discuss whether to carry entire cell id, part of the cell or no cell id in LP-SS. The physical layer cell identifier (PCI) is used to identify the cell and it is obtained in 5G NR by decoding Primary Synchronization Signal (PSS) and Secondary Synchronization Signal (SSS). NR PSS has 3 values (0,1,2) and NR SSS has 336 values (0 to 335). The PCI is calculated by multiplying the SSS by 3 and adding the PSS. The PCI in 5G NR ranges from 0 to 1007 thereby supporting 1008 unique PCIs. PCI of a cell can be calculated using: 
NIDCell = 3 * NID(1) + NID(2) where NID(1) ∈ {0,1, … ,335} and NID(2) ∈ {0,1,2}

Multiple predefined binary pattern modulated using the OOK waveform for LP-SS can be specified and each of those pattern can be associated to a cell id or part of the cell id. Such predefined binary patterns are shown in the below examples,  
· Alternating "1" and "0" (e.g., 101010...), where each symbol "1" or "0" is OOK-modulated.
· Group of multiple "1s" followed by a single "0," such as "110110110...," where each symbol is OOK modulated.
· Composed of all "1s." using OOK modulation 
LPWUR can decode such binary pattern from the set of predefined binary patterns to detect the cell id or part of the cell id. There can be a mapping associated with the NR SSB and LP-SS binary pattern and such association can be used to detect the cell id in the LP-SS transmitted by BS.
Furthermore, similar to NR-SS, LP-PSS and LP-SSS can be defined with predefined binary patterns with different sizes to distinguish the signal. Combination of LP-PSS and LP-SSS can carrying the cell id information similar to NR. 

Proposal 3: RAN1 consider the feasibility of generating multiple binary pattern modulated using OOK waveform for LP-SS
Proposal 4: RAN1 consider association of binary pattern of LP-SS to that of NR SSB to detect the cell id. 
Proposal 5: RAN1 consider LP-PSS and LP-SSS similar to NR-PSS and NR-SSS to convey the cell id information.  
Another aspect to consider is the byte level synchronization which is a short unique bit string known as SYNC word (for example, 10010110) previously agreed on by the gNB and LPWUR to inform the beginning or end of the slot. When the bit stream using OOK modulated signal is first detected, the receiver begins a pattern-matching operation to align the incoming bit stream to the known SYNC word. When the match occurs, the BS and receiver are then in byte-level synchronization. 
Hierarchical synchronization mechanism is needed in such low capability device as it loses the synchronization due to timing errors, clock drifts. The LP-SS can provide coarse synchronization on timing and frequency, then a preamble is inserted in every slot preceding the data part for finer synchronization and finally, byte level synchronization is needed to know the beginning, end or start of data etc., When there is no data there is no transmission in the OOK system, the transmission starts in the OOK system only when the data arrives. The first transmission can be synchronization signal which is the transmission of fixed number of bits known to both the transmitter and receiver. Since there is a clock drift in such system, the receiver does not know the start of the frame and hence looks for the SYNC word to to detect the end of synchronization signal or data after it receives the sync word. The SYNC word can be transmitted after the preamble or along with the preamble or part of the preamble or synchronization signal. 




 Figure 1: Frame structure showing SYNC word in a slot

Proposal 6: Consider achieving byte level synchronization by using a SYNC word. 
Proposal 7: Consider synchronization mechanism in LPWUR using  
· Coarse synchronization using LP-SS
· Fine synchronization using preamble transmission in every slot
· Byte level synchronization using SYNC word 

The periodic low power synchronization signal containing N symbols, where first N-M symbols contains binary OOK modulated pattern or binary sequence generated using wider/larger pulse duration with the help of OOK-1 or OOK-4, M=1 waveform while the remaining M symbols generated using the binary OOK modulated pattern or binary sequence contains narrower pulse duration using OOK-4, M>1waveform. The time duration of the binary modulated pattern or binary sequence containing wider pulse durations and the time duration of the binary modulated pattern or binary sequence containing narrower pulse durations can be preconfigured and known to the transmitter and the receiver. 



Figure 2: Hybrid LP-SS design containing OOK-1 and OOK-4  
The periodic synchronization signal containing N symbols where first occasion of LP-SS contains binary OOK modulated pattern or binary sequence generated using wider/larger pulse duration with the help of OOK-1 or OOK-4, M=1 waveform and the second occasion of LP-SS contains the binary OOK modulated pattern or binary sequence may contain narrower pulse duration using OOK-4, M>1 waveform
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Figure 3: LP-SS occasions containing different waveforms

Such hybrid design provides toleration to the time synchronization errors where the clock drift can be high at the beginning of the slot and hence the wider pulse can tolerate such time synchronization errors followed by narrower pulse duration to achieve more finer synchronization. 
In the last meeting, two options were discussed for the LP-SS waveform selection and to further down-select the option, RAN1 can further discuss the initial timing error values at the beginning of LP-SS reception and residual timing error values at the end of LP-SS reception. To further down-select the options, the performance of LP-SS against timing errors needs to be consider. The clock drift can be high at the beginning of the LP-SS detection and wider pulse can tolerate such high synchronization errors while the narrow pulse duration can achieve more finer synchronization with less residual timing error at the end of LP-SS detection.    
Proposal 8: Consider hybrid LP-SS design containing mixture of wider pulse duration using OOK-4, M=1 and narrower pulse duration using OOK-4, M>1 to tolerate higher timing errors at the beginning and at the same time achieve finer synchronization for the same devices. 
Proposal 9: Consider different LP-SS occasions transmission using different OOK waveforms to tolerate timing errors and finer synchronization for same or different devices.   
Proposal 10: RAN1 discuss the effect of timing errors on LP-SS design, such that the initial timing error values at the beginning of LP-SS reception and the residual timing error values after LP-SS detection.   

2.2 LP-WUS design 
The gNB may encode and transmit the payload using OOK waveform by transmitting ON-OFF chips/pulses in one or more OFDM symbols. In such a case, the low power processor capable of performing envelope detection, can do energy detection on the received OOK waveform to decode the payload. In the second case, the gNB may encode and transmit the payload using the OOK waveform, within which OFDM sequence can be transmitted within the OOK-ON duration to enable the low power processor with correlation detection capability to correlate the received sequence to decode the payload. 
The gNB may be transmitting the same information payload, however according to the capability of the low power processor, the same low power processor can support multiple receiver decoding techniques such as envelope detection and correlation decoding technique. LPWUR can switch between one receiver type to another receiver type to improve power saving and coverage enhancement. When the signal quality is good, then the LPWUR uses the envelope detector and save power and when the signal quality is below a certain threshold can perform correlation on the received OFDM sequence transmitted within the OOK-ON duration period to improve coverage. Similarly, the different LPWUR capable UE may support different receiver types and need different thresholds.  
Proposal 11: Specification allows same UE to switch between envelope-based detector and correlator based detector to improve power saving and coverage improvements. 
The receiver envelope detection performed by LP-WUR is transparent to the transmitter waveform containing DFT-s-OFDM based OOK or OFDM based OOK assuming single bit OOK chip per OFDM symbol, hence the usage of DFT-s-OFDM or OFDM based OOK should be left to the basestation implementation for single bit OOK per OFDM symbol. 
Proposal 12: Usage of DFT-s-OFDM or OFDM based OOK using single bit OOK per OFDM symbol at the transmitter side can be left to the BS implementation. 
The waveform selection design between OOK-1 and OOK-4 for LP-WUS should take into consideration of cheap local oscillator supported at the LPWUR for timing error correction and payload/functionality for LP-WUS. The OOK-1 performs better than OOK-4 in the presence of timing error [3] and the presence of baseband processor cannot be assumed to be present for all LPWUR architecture due to the low power consumption while OOK-4 carriers more payload/information in each OFDM symbol, and up to 64 information bits (excluding the potential CRC and  channel coding) should be carried in LP-WUS for UE in inactive/idle mode if it designs to take the functionality of Rel.17 PEI. Hence the both OOK-1 and OOK-4 with overlaid sequence can be considered as baseline for the design (e.g., separate waveforms for different UE states or different WUS functionalities). 
Proposal 13: Consider both OOK-1 and OOK-4 as the LP-WUS waveform depending on the payload size with overlaid sequence for the baseline LPWUS design.     
The preamble preceding the payload in a frame may contain wider pulse duration at the beginning duration of the slot by tolerating the time synchronization errors. The pre-configured/known binary modulated pattern or binary sequence using OFDM based waveform or DFT-s-OFDM based waveform such as OOK-1 or OOK-4, M=1 respectively can be used to provide wider pulse duration i.e., smaller SCS to aid the envelope detector to detect such wider pulses when the clock drift at the beginning of the slot could be larger, hence such wider pulse based preamble and synchronization signals duration at the beginning achieve synchronization tolerating higher timing errors. Although the wider pulses provides toleration to the time synchronization errors, the narrower pulse generated using for example, OOK-4, M>1provides much finer synchronization due to presence of multiple OOK chips within a OFDM symbol. Hence the hybrid design considers the narrower pulse following the wider pulse. The OOK-1 and OOK-4. M = 1, uses 1 OOK chip per OFDM symbol and the entire symbol duration of each OFDM symbol is allocated for OOK, hence the symbol is wider compared to the OOK-4, M>1, where more than one OOK chips/pulse occupies per OFDM symbol dividing the symbol duration of OFDM by number of OOK chips. Hence in general the pulse duration of OOK-1 and OOK-4, M= 1 is wider compared to that of OOK-4, M>1.  
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Figure 4: Hybrid preamble design options
Proposal 14: The preamble preceding the payload in LP-WUS containing mixture of wider pulse duration using OOK-1/OOK-4, M=1 and narrower pulse duration using OOK-4, M>1 to tolerate higher timing errors at the beginning and at the same time achieve finer synchronization.

3. Conclusions
In this contribution, considerations of LP-WUS and LP-SS designs are provided. The following proposals are present: 
Proposal 1: Consider OOK-4, M=1 as the LP-SS waveform with overlaid sequence for the baseline LP-SS design.     
Proposal 2: Consider 640ms, 960ms as candidate periodicity for LP-SS 
Proposal 3: RAN1 consider the feasibility of generating multiple binary pattern modulated using OOK waveform for LP-SS
Proposal 4: RAN1 consider association of binary pattern of LP-SS to that of NR SSB to detect the cell id. 
Proposal 5: RAN1 consider LP-PSS and LP-SSS similar to NR-PSS and NR-SSS to convey the cell id information.  
Proposal 6: Consider achieving byte level synchronization by using a SYNC word. 
Proposal 7: Consider synchronization mechanism in LPWUR using  
· Coarse synchronization using LP-SS
· Fine synchronization using preamble transmission in every slot
· Byte level synchronization using SYNC word 
Proposal 8: Consider hybrid LP-SS design containing mixture of wider pulse duration using OOK-4, M=1 and narrower pulse duration using OOK-4, M>1 to tolerate higher timing errors at the beginning and at the same time achieve finer synchronization for the same devices. 
Proposal 9: Consider different LP-SS occasions transmission using different OOK waveforms to tolerate timing errors and finer synchronization for same or different devices  
Proposal 10: RAN1 discuss the effect of timing errors on LP-SS design, such that the initial timing error values at the beginning of LP-SS reception and the residual timing error values after LP-SS detection.   
Proposal 11: Specification allows same UE to switch between envelope-based detector and correlator based detector to improve power saving and coverage improvements. 
Proposal 12: Usage of DFT-s-OFDM or OFDM based OOK using single bit OOK per OFDM symbol at the transmitter side can be left to the BS implementation. 
Proposal 13: Consider both OOK-1 and OOK-4 as the LP-WUS waveform depending on the payload size with overlaid sequence for the baseline LPWUS design.     
Proposal 14: The preamble preceding the payload in LP-WUS containing mixture of wider pulse duration using OOK-1/OOK-4, M=1 and narrower pulse duration using OOK-4, M>1 to tolerate higher timing errors at the beginning and at the same time achieve finer synchronization.
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