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Introduction
In RAN1 #103-e, evaluation of several paging enhancement techniques for idle/inactive UEs was performed and it was agreed to support paging early indication:
Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
The paging indication can be based on a sequence (e.g., SSS) and/or a PDCCH based channel. Both PDCCH and sequence detection may not be proper for very low power UEs due to the power spent on receiver procedures such as FFT, channel decoding, etc. If the paging indication needs to be repeated, for example to improve coverage, the power efficiency would degrade further. So, as an alternative, a paging indication that can be received using energy detection may be desirable due to its lower power requirements. Furthermore, the indication can use sub-time units created within an OFDM or a DFT-s-OFDM symbol to convey the information, reducing the resource overhead as it relies on sub-time units rather than the whole OFDM/DDT-s-OFDM symbol. In this contribution, such a scheme is proposed.
Sub-time unit based paging indication
In the proposed scheme, the paging indication (PI) is carried in the set of sub-time units (STU) within one or more OFDM/DFT-s-OFDM symbols. An example is shown in Figure 2‑1 in which each STU may be amplitude modulated to represent a 1 or a 0 to target a specific UE group.



[bookmark: _Ref61860161]Figure 2‑1 An example of sub-time units in an OFDM symbol or DFT-s-OFDM symbol
To generate such an ON/OFF pattern in time domain for OFDM can be achieved by masking the OFDM symbol, which would result in increased out-of-band emission. However, using DFT-s-OFDM, the masking can be done at the transmitter before the DFT operation, and orthogonality can be preserved. A sample DFT-s-OFDM signal generated using this approach, after the addition of the the cyclic prefix, is shown in Figure 2‑2. In this example, the sub-time units represent the indication . The power spectral density of signal is provided in Figure 2‑3; as it can be seen, the out-of-band emission is negligible.
[image: ]
[bookmark: _Ref61860654]Figure 2‑2 Time-domain illustration of a DFT-s-OFDM symbol consisting of amplitude modulated sub-time units[image: ]
[bookmark: _Ref969769]Figure 2‑3 Frequency domain characteristic of the DFT-s-OFDM signal
[bookmark: _Hlk61862740]Observation 1: Paging indication using amplitude modulated sub-time units can be generated with DFT-s-OFDM while preserving orthogonality of the signal. Such a signal can be received very efficiently with energy detection and uses less resources.
Summary
In this contribution, we have presented a scheme for a paging indication signal using amplitude modulated sub-time units within a DFT-s-OFDM symbol. The following observation has been made:
Observation 1: Paging indication using amplitude modulated sub-time units can be generated with DFT-s-OFDM while preserving orthogonality of the signal. Such a signal can be received very efficiently with energy detection and uses less resources.
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