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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK107][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]In RAN#102, the WI on low-power wake-up signal (LP-WUS) and receivers for NR were approved[1]. In this WI, LP-WUS was introduced for UE power saving, and the objectives of the WI include specifying LP-WUS and LP-SS designs for both IDLE/INACTIVE and CONNECTED modes. In RAN1#116, some agreement on the designs is reached:
	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, some considerations on the design of LP-WUS and LP-SS are discussed.
Discussion
LP-WUS design 
Waveform
[bookmark: OLE_LINK110][bookmark: OLE_LINK108]In SI, OOK-1 and OOK-4 waveform generation are defined separately. For OOK-1, the UE can detect N modulation SCs as symbol 1 and does not assume any specified sequence for these N modulation SCs.For OOK-4, gNB can generate transform waveforms by a time-domain OOK sequence containing M bits and map the transform to N subcarriers. When M = 1, it can be considered as a modulation type of OOK-1. In this way, the gNB can use OOK-4 waveform generation with M = 1 and support a uniform OOK signals generation framework, thus minimising system complexity. Regarding the value of M, for OOK-4, one of {1,2,4} can be supported.
Proposal 1: Support uniform generation framework for OOK-1 and OOK-4. 
Proposal 2: The M for OOK-4 symbol generation can be one of {1,2,4}.
LP-WUS structure
Regarding the structure of the LP-WUS carried by OOK symbols, two types of LP-WUS have been discussed, namely sequence-based and encoded-bits-based WUS, 
In the sequence-based options, the wake-up signal can be one of a set of sequences with good autocorrelation and cross-correlation properties. The UE detects it using a known sequence which has been preassigned to it. In addition, sequence CDMs may not be supported to avoid handling multi-bit levels in the receiver. Another issue with the sequence-based WUS is the mapping rules between sequences and UEs. For example, in a WUS monitor occasion/WUS resource, a gNB might transmit a specific sequence to wake up a UE group associated with a paging occasion. If there are N UE subgroups associated with a WUS occasion, there will be at least N different sequences associated with one resource. 
Another option for WUS is to use encoded bits which may have more flexibility in transmitting wake-up indications for different UE groups. In the payload of WUS, it can arrange wake information for different UE groups sequentially to indicate whether a group is awake with the use of 0/1. An addition of the CRC bit should be appended with the payload. the CRC size should meet the requirements of the FAR and CRC can be scrambled by cell ID for identification.
Proposal 3: Support encoded bit-based payload for LP-WUS.
Considering the maximum M of 4 and necessary overhead (i.e. manchester coding), an LP-WUS can carry 28 bits with all symbols in one slot(14 symbols for normal CP). Taking into account the additional overhead(e.g. CRC and channel coding) and mapping to subgroup UE, the effective information bit can be a power of 2, i.e. {1,2,4,8,16}. 
Proposal 4: The number of information bits for one LP-WUS can be a power of 2, i.e. {1,2,4,8,16}.

Others
coverage enhancement
The sensitivity of the low-power receiver for WUS signals may be lower than that of other NR channels due to waveform character, low-power receive structure, higher noise figure and other factors. This can affect the coverage of WUS signals. To ensure consistent coverage of WUS signals with other channels, some techniques have been discussed.
For encoded bit-based WUS, we can consider using simple FEC schemes like RM coding or convolutional coding for performance enhancement. These schemes can be easily implemented on devices with lower complexity. Other low-complexity schemes, including time domain repetition, can also be considered due to their easy implementation.
RAN4 study also shows the benefits of enabling power boosting for LP-WUS. The support of LP-WUS power boosting and boosting level can be declared by the manufacturer. The gNB may provide the power offsets for LP-WUS and LP-SS in SIB to get accurate measurements.
Proposal 5: Some coverage enhancement with low complexity can be considered for LP-WUS.

FR2 band supporting
[bookmark: OLE_LINK111]In SI, all assumptions for system-level and link-level evaluations are based on the FR1 band. Considering that OOK performance is not clear in the high band, it can be discussed where LP-WUS/LP-SS can be deployed in the FR2 band. 
Proposal 6: Discuss whether LP-WUS/LP-SS can be deployed in the FR2 band.

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Support uniform generation framework for OOK-1 and OOK-4. 
Proposal 2: The M for OOK-4 symbol generation can be one of {1,2,4}.
Proposal 3: Support encoded bit-based payload for LP-WUS.
Proposal 4: The number of information bits for one LP-WUS can be a power of 2, i.e. {1,2,4,8,16}.
Proposal 5: Some coverage enhancement with low complexity can be considered for LP-WUS.
Proposal 6: Discuss whether LP-WUS/LP-SS can be deployed in the FR2 band.
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