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Introduction
In the RAN1#116, the following agreements on LP-WUS and LP-SS design were achieved:
	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 RAN1 evaluation purpose, the SNR to achieve the coverage of PUSCH for message3 is determined for OOK-based LP-WUR and OFDM-based LP-WUR, respectively. 
· Companies are encouraged to report the SNR, together with the associated assumptions as listed in the table below.
	
	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
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In this contribution, we provide our views on LP-WUS and LP-SS design.   
Discussion
1.1 LP-WUS and LP-SS generation
In the Rel-18 LP-WUS/WUR study item, four variants of OOK waveforms as well as the FSK and OFDM waveforms were studied, evaluation and down-selection of the waveforms were made during the SI. In the Rel-19 WID, OOK-1 and OOK-4 were selected as the candidates for LP-WUS and LP-SS waveform. Fig. 1 shows a general framework for the OOK-1/OOK-4 waveform generation. 


Fig 1. A common structure for OOK-1 and OOK-4

In RAN1#116, it is agreed that both OOK-1 and OOK-4 are supported for LP-WUS generation, however the details are FFS. In our view, a common design for OOK-1 and OOK-4 can be achieved based on the OOK-4 framework, where OOK-1 can be treated as a special case of OOK-4, i.e., the number of bits per OFDM symbol is equal to 1. The only difference from the original version of OOK-1 may be the overlaid sequence has to be defined in time domain rather than in frequency domain. Considering it is natural that time domain overlaid sequence will be used for OOK-4, reusing the same design of time domain overlaid sequence for OOK-1 may need little standard effort. 
Proposal 1: for LP-WUS and LP-SS generation, support a common design for OOK-1 and OOK-4, where OOK-1 can be a special case of OOK-4 with M=1.

For the legacy OFDM symbol generation, CP lengths of OFDM symbols in a subframe are not uniform. For NCP, the first OFDM symbol of each half subframe (e.g., the 0th and 7th symbols of a slot for 15KHz SCS, as shown in Fig.2) has a longer CP (i.e., 160*Ts) than other symbols (i.e., 144*Ts ) in a frame. 


Fig 2. Symbol lengths in a subframe for 15KHz SCS

For legacy OFDM signal, CP is removed at the receiver side, therefore the useful parts for all the symbols in a subframe are always same. However, for a LP-WUR, it is not clear whether the CP removal will be supported. For a LP-WUR with baseband envelop detection, it may be easy to support the CP removal. However, for a LP-WUR with RF/IF envelope detection, considering the relatively poor performance of the components (e.g., 1bit ADC with low sampling rate may be used), whether and how the CP can be removed is still an open issue. 
Even if the CP can be removed by LP-WUR, there are still issues to be solved. Fig. 3 gives an example of the LP-WUR receiver windows of OOK symbols (OOK-1 is assumed) when time domain sync error occurs. If the receiver timing is later than the symbol timing, the receiver window for an OOK-OFF symbol may be partially overlapped with the next OOK symbol. As shown in Fig. 3, if the second OOK symbol is an OOK-OFF symbol and the third symbol is an OOK-ON symbol, then some energy of the third OOK-ON symbol will be collected by the receiver window for the second OOK-OFF symbol, and this leaked energy cannot be eliminated by CP removal. Therefore the detection performance of the OOK-OFF symbol will be degraded. In order to avoid such an inter-symbol-interference, zero-CP or partial zero-CP (e.g., the front part of the CP are mapped with zero values) can be considered, e.g., if the CP of the last OOK-ON symbol can be mapped with zero values, there may be no energy leakage to the receiver window for the preceding OOK-OFF symbol.



Fig 3. Example of miss-alignment of receiver timing and symbol timing for OOK-1

For OOK-4, there will be multiple bits mapped into one OFDM symbol. Fig.4 gives an example of OOK-4 waveform, where 4 OOK symbols are mapped into one OFDM symbol. If CP is added normally, i.e., copy from the end of OFDM symbol, as Fig.4 shows, the CP part will be same as the end part of OOK3 symbol. However, such a CP may have negative impact on the detection of OOK0. Firstly, the CP is not a copy from the end of OOK0, so it has no ISI cancellation effect as the ordinary CP even if an OFDM based LP-WUR is used. Secondly, considering the potential sync error, some of the energy of the CP may be leaked into the receiver window of OOK0, therefore interference from CP to OOK0 may occur if OOK3 is an OOK-ON symbol and OOK0 is an OOK-OFF symbol. Zero-CP or partial zero-CP can also be considered to alleviate this issue.



Fig 4. Example of adding CP for an OOK-4 waveform

Proposal 2: study the inter-symbol-interference (ISI) issue and the CP-to-OOK interference issue due to the sync error, consider utilizing zero-CP or partial zero-CP to avoid the interference.

In the Rel-18 SI, the frequency location of LP-WUS and LP-SS is studied, and it is concluded that it is beneficial if LP-WUS can be flexibly configured within a carrier. In our view, to further enhance the flexibility, it is beneficial to support multiple frequency bands for LP-WUS in a carrier, i.e., gNB may configure multiple frequency bands for LP-WUS transmission, and UE may select a frequency band from the multiple frequency bands for LP-WUS monitoring based on its UE-ID or the PF/PO it is intended to monitor. Based on this, UEs may be allocated to different frequency bands, and therefore the paging false alarm probability may be reduced due to the grouping by frequency bands selection. 
Proposal 3: support flexibly configuring frequency locations of one or more LP-WUS bands within a carrier, UE can select an LP-WUS band based on its UE ID or a PF/PO it is intended to monitor.

1.2 Signal structure of LP-WUS
In the Rel-18 SI, both sequence based LP-WUS and message based LP-WUS were studied. The sequence based LP-WUS may have better coverage, however the supported payload size may be less than message based LP-WUS. In our view, it is beneficial to support a large number of UE subgroups in order to avoid frequently paging false alarm. This means the payload size of LP-WUS may have to be relatively large. Therefore, in order to support more UE subgroups in one LP-WUS, at least the message based LP-WUS should be supported. As shown in the Fig. 5, a message based LP-WUS may comprise a preamble, a message and a CRC, wherein the preamble is used for finer synchronization and AGC (if have), and the message part conveys the content of LP-WUS.  



Fig 5. Example of message based LP-WUS

Proposal 4: support message based LP-WUS structure with a preamble and a CRC.

If message based LP-WUS is used, repetition of LP-WUS can be considered to improve the coverage. Specifically, gNB may transmit same content in multiple LP-WUS monitoring occasions. At the UE side, the received signal of the multiple LP-WUS monitoring occasions may be combined to improve performance, or UE can also attempt to detect LP-WUS in the multiple LP-WUS monitoring occasions independently. Both the two methods can effectively enhance the detection probability, therefore the coverage can be improved.
Proposal 5: support repetition of LP-WUS to improve the coverage.

1.3 Signal structure of LP-SS
Different from LP-WUS, LP-SS can be a common signal for all the UEs which are in the LP-WUS monitoring mode in a cell. Generally, the LP-SS is used for maintenance of time/frequency synchronization and RRM measurement, therefore it is not necessary to convey too much information on it. Therefore, the LP-SS can be a sequence based signal. The existing sequence generation method in NR spec, e.g., m sequence, gold sequence, etc., can be the start point of the LP-SS sequence design.
Proposal 6: for the binary sequence of LP-SS, reuse the existing sequence generation method in NR, e.g., m-sequence, gold sequence.
An open issue for LP-SS is whether the overlaid sequence for LP-SS should be specified and whether it is used for sync and RRM measurement. In our view, considering the overlaid sequence will be defined for LP-WUS, reusing same overlaid sequence design for LP-SS will be straightforward and may cost acceptable standard effort, therefore we think the overlaid sequence should be specified for LP-SS. In addition, for a LR with OFDM detection capability, we see no reason to prevent it utilizing the overlaid sequence for synchronization, however, for the RRM measurement, we think it may depend on RAN4 decision.
Proposal 7: for the overlaid OFDM sequence(s) for LP-SS, support option 3, i.e., 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.
In RAN1#116, it is agreed that beam based transmission of LP-SS is supported. Similar as SSB burst set, an LP-SS set may be defined which comprises multiple LP-SS and each of the LP-SS may be QCLed with an SSB. For example, the LP-SSs in an LP-SS set may be indexed as 0, 1, …M-1, and M may be equal to the number of SSBs in an SSB burst, in addition, the indices may be used to determine the QCL relationship between LP-SS and the SSB, e.g., an LP-SS and an SSB with same index can be assumed to be QCLed.
Similar as the SSB, the time domain positon of an LP-SS can be utilized for a UE to determine the frame/subframe/slot/symbol timing. A straightforward method is to let a LP-SS and its associated SSB multiplexed in same OFDM symbols, therefore they can share same timing information, if UE detected a LP-SS, it may determine the timing information based on the SSB configuration. On the other hand, due to the LP-SS and the SSB are QCLed, it is naturally that gNB can transmit them with a same TX beam, and gNB does not to find another time domain resource to transmit the LP-SS with this TX beam.
In addition, in order to improve the coverage, repetition of LP-SS may be supported. As shown in Fig. 6, if repetition is configured for LP-SS, a LP-SS may be transmitted in two consecutive SSB period, UE may combine the received signal of the two LP-SS to enhance the detection performance.
Proposal 8: support QCL relationship between an LP-SS and an SSB.
Proposal 9: support FDM multiplexing of an LP-SS and its QCLed SSB.
Proposal 10: support repetition of an LP-SS in an LP-SS periodicity.



Fig 6. Example of FDMed LP-SS and SSB 


Conclusion
In this contribution, we discuss the LP-WUS and LP-SS design, and the following proposals are made:
Proposal 1: for LP-WUS and LP-SS generation, support a common design for OOK-1 and OOK-4, where OOK-1 can be a special case of OOK-4 with M=1.
Proposal 2: study the inter-symbol-interference (ISI) issue and the CP-to-OOK interference issue due to the sync error, consider utilizing zero-CP or partial zero-CP to avoid the interference.
Proposal 3: support flexibly configuring frequency locations of one or more LP-WUS bands within a carrier, UE can select an LP-WUS band based on its UE ID or a PF/PO it is intended to monitor.
Proposal 4: support message based LP-WUS structure with a preamble and a CRC.
Proposal 5: support repetition of LP-WUS to improve the coverage.
Proposal 6: for the binary sequence of LP-SS, reuse the existing sequence generation method in NR, e.g., m-sequence, gold sequence.
Proposal 7: for the overlaid OFDM sequence(s) for LP-SS, support option 3, i.e., 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.
Proposal 8: support QCL relationship between an LP-SS and an SSB.
Proposal 9: support FDM multiplexing of an LP-SS and its QCLed SSB.
Proposal 10: support repetition of an LP-SS in an LP-SS periodicity.
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