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In RAN#101 meeting [1], a new study item “New SID: Study on solutions for Ambient IoT (Internet of Things) in NR” was approved. According to the objective in the SID, potential solutions for Ambient IoT would be studied and RAN1 related scope in the SID was provided as following.
	· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.



In this contribution, we will discuss and analysis frame structure, synchronization, random access, scheduling for Ambient IoT.
Discussion
DL Synchronization
In NR system, UE needs perform DL synchronization by SSB, a SSB includes PSS, SSS and PBCH. The frequency location of SSB is not fixed in the center of a carrier, UE needs to detect SSB at each synchronization raster to determine the frequency location of SSB. In the time domain, multiple SSBs exist in a half frame, the number of SSB in a half frame depends on frequency band. For example, in the frequency band of sub 3GHz and 3~6GHz, respectively at most 4 and 8 SSBs are supported in a half frame. An example of SSB pattern is shown in Figure 1. UE measures multiple SSBs in each half frame to select a beam direction.
[image: ]
Figure 1 An example of SSB pattern (SCS = 15kHz)
Meanwhile, by receiving SSB, UE needs perform a large amount of sequence detection to determine PCI. In short, the existing DL synchronization procedure is very complicated for Ambient IoT system. For Ambient IoT system, a simple DL synchronization procedure should be considered. In the topic of LP-WUS/WUR, a LP-SS was introduced. UE measures LP-SS by LR (LP-WUR) to achieve coarse synchronization and RRM measurement for serving cell. The design of LP-SS will be further studied in R19 LP-WUS/WUR. According to SID of Ambient IoT, Ambient IoT device includes two types: ~1 µW peak power consumption and ≤ a few hundred µW peak power consumption. At least for the latter (≤ a few hundred µW peak power consumption), LP-SS can be considered as a baseline for Ambient IoT system. For the former (~1 µW peak power consumption), DL synchronization should be further studied.
Proposal 1: A new DL synchronization for Ambient IoT system should be considered. At least for the device with high capability (i.e., ≤ a few hundred µW peak power consumption), LP-SS in the topic of R19 LP-WUS/WUR can be considered as a baseline.
Random access
In NR system, 4 step random access procedure and 2 step random access procedure are supported. For 4 step random access procedure, UL synchronization is performed by MSG1 and MSG2, gNB calculates the TA via preamble and sends it to the UE via RAR. MSG3 and MSG4 are used for conflict resolution. For 2 step random access procedure, MSG A includes preamble and PUSCH, which similar as MSG1 and MSG3. MSGB includes PDCCH and PDSCH, the PDSCH is used to carry RAR. If the RAR is fallbackRAR, the UE needs fallback to 4 step random access procedure; if the RAR is successRAR, the 2 step RA procedure is finished. Before initiating the random access process, gNB needs send SIB1 to the UE, which includes parameters for how the RACH can be accessed. Meanwhile, NR system supports beam sweeping, hence there is a mapping relationship between RO/preamble sequence and SSB.

[image: ]
Figure 2 RACH procedure in NR
However, for Ambient IoT system, whether UL synchronization is needed or not should be studied including the impact of performance of reception from single device and interference among the multiple devices. The impact may be different for different types of device or different modulations. On the other hand, beam sweeping may not need in Ambient IoT system，a relationship between RO/preamble sequence and SSB is not essential. Furthermore, Ambient IoT system will support more number of devices, hence, a new RACH procedure should be studied.
Proposal 2: study the necessity of UL synchronization and how if needed
Proposal 3: study the random access mechanism for Ambient IoT.
Resource Scheduling
According to the characteristic of Ambient IoT, the traffic volume is small, e.g., a few hundreds of bits, while the number of devices in a cell is very large. The existing resource allocation schemes in NR is not suitable for Ambient IoT system, which incurs a significant signaling overhead. In addition, the frequency resource for Ambient IoT system is very limited. How to schedule resources more efficiently should be considered.
Proposal 4: Study scheduling mechanism for Ambient IoT. 

Frame structure
According to the characteristic of Ambient IoT, the DL signals mainly involve synchronous signal, resource scheduling and other indication, the UL signals are mainly involve data transmission. DL/UL channels and frame structure for Ambient IoT should be studied. 
Proposal 5: Study DL/UL channels and frame structure for Ambient IoT system.

Conclusion
In this contribution, we discuss frame structure, synchronization, random access, scheduling for Ambient IoT. We have the following proposals.
Proposal 1: A new DL synchronization for Ambient IoT system should be considered. At least for the device with high capability (i.e., ≤ a few hundred µW peak power consumption), LP-SS in the topic of R19 LP-WUS/WUR can be considered as a baseline.
Proposal 2: study the necessity of UL synchronization and how if needed
Proposal 3: study the random access mechanism for Ambient IoT.
Proposal 4: Study scheduling mechanism for Ambient IoT. 
Proposal 5: Study DL/UL channels and frame structure for Ambient IoT system.
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