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In this paper, we discuss overlaid OFDM sequence(s) on LP-WUS.

Overlaid OFDM sequence(s) on LP-WUS
It seems that in RAN1 discussion companies have different understanding for how overlaid OFDM sequence(s) carries information bits. In R19 LP-WUS WID [1], it simply said that “The OFDM sequence can carry information”.
	· 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


This sentence is not so clear. In general case, when OFDM sequence carries information, OFDM sequence must be multiple OFDM sequence candidates, and gNB selects one sequence to transmit, correspondingly UE blindly detects the selected sequence to get the information bits. However, this sentence can be also interpreted as single OFDM sequence overlays on OOK ON symbol (or OFDM symbol if OOK OFF symbol is not entirely zero power), which can let OFDM-based receive detect each OOK ON (or OOK OFF) better. In short, there are two interpretations.
Interpretation-1: One overlaid OFDM sequence candidate
Interpretation-2: Multiple overlaid OFDM sequence candidates
The above ambiguity leads to that the following agreement in RAN1#116bis included single sequence candidate and multiple sequence candidates.
	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 RAN1#117, FL summary [2] categorize above options into two cases.
	There are two cases: 
Case #1: overlaid OFDM sequence does not carry information, i.e., option 1 & option 1-2
Case #2:  OFDM sequence carries information, i.e., option 2,3,4. 


In our view, it can be categorized into the following cases, since WID said “The OFDM sequence can carry information”.
Case #1: One overlaid OFDM sequence candidate, i.e. option 1 & option 1-2
Case #2: Multiple overlaid OFDM sequences candidates, i.e. option 2, 3, 4

Even worse, RAN1 had three understandings for Option 3 in FL summary:
	[H][FL3] Question 3.2-4: what is your understanding of option 3 ?
· [bookmark: _Hlk167360335]Understanding 1: One long sequence mapped to multiple OOK ON chips (more than one OOK ON chips, but not necessarily the number of OOK chips in one OFDM symbol)

· Understanding 2: The information may not be carried on all OOK ON symbols, e.g., full information is carried in first N1 symbols, while remaining symbols can be up to gNB implementation to transmit or not transmit information by the specified overlaid OFDM sequence. 
Figure 3-a provides an example. 

· Understanding 3: The overlaid OFDM sequence mapped from OOK bits within the OFDM symbol could be transmitted with repetition.
Figure 3-b provides an example. 


Figure 3-a: example of understanding 2


Figure 3-b: example of understanding 3



As summary, RAN1 has strong controversial view in understanding of WID text “The OFDM sequence can carry information”. 
Observation 1: RAN1 has strong controversial view in understanding of WID text “The OFDM sequence can carry information”.
More likely, WID text “The OFDM sequence can carry information” includes both one overlaid OFDM sequence candidate and multiple overlaid OFDM sequence candidates in RAN discussion, but in RAN1 view it may imply multiple overlaid OFDM sequences. Anyway, this sentence is useless, since it includes both cases.
To make RAN1 proceed well, WID text “The OFDM sequence can carry information” can be removed in WID.
[bookmark: _GoBack]Proposal 1: “The OFDM sequence can carry information” should be removed from WID.

Reference
We have the following proposal:
Proposal 1: WID text “The OFDM sequence can carry information” can be removed in WID.
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