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Introduction
[bookmark: OLE_LINK183]In RAN#102 plenary meeting, the SID on solutions for Ambient IoT has been approved [1], including the following objectives which are led by RAN1:
	General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
[bookmark: OLE_LINK153]NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.
B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· [bookmark: OLE_LINK154]Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.
The following objectives are set, within the General Scope:
Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· 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 present our initial views on the downlink and uplink channel/signal aspects, which include the aspects of general DL and UL channel/signal design, time/frequency domain resource and feasibility and required functionalities for proximity determination, etc.
[bookmark: _Hlk156998825][bookmark: OLE_LINK147]DL channel/signal
[bookmark: OLE_LINK124]In the NR/LTE/NB-IoT system, DL data transmission (PDSCH) can be scheduled by a control channel, i.e., PDCCH. However, in Ambient IoT, there may be two options for DL channel design, one is NR/LTE/NB-IoT like design and the other one is RFID like framework, in which only one kind of DL channel is transmitted. In our understanding, when there is some control information need to be transmitted from gNB or intermediate UE to the devices, they can also be transmitted along with the DL command/data, like in RFID, so there can be two options for Ambient IoT control/data channel design:
Proposal 1: For DL channel, there may be two options about which kind(s) of channels can be introduced for Ambient IoT.
· Option 1: Support DL Data channel only, e.g., RFID like;
· Option 2: Support DL Control + Data channel, e. g., NR/LTE/NB-IoT like.
[image: ]
Figure 1 Illustration of the two options for Ambient IoT DL channel design

Since the DL transmission in Ambient IoT is quite similar to RFID, in which only some DL commands would be carried by the DL channel, i.e., no other data transmission in DL, and support a separate DL control channel will cause more power consumption for blind detection, so it seems like Option 1 is more feasible for Ambient IoT.
Observation 1:  Support DL Control + Data channel framework in Ambient IoT may cause more complexity and power consumption for device, meanwhile there is no clear obvious benefits to support such a framework.
[bookmark: _Hlk157065886]As mentioned in [2], for DL transmission, to achieve the clock timing alignment b/w gNB (in topology 1) or intermediate UE (in topology 2), and devices, preamble or Frame-Sync can be added immediately before DL transmission, which is similar to RFID. A DL preamble/ Frame-Sync may include the following segments similar to RFID:
· Delimiter: Which can be a certain time of contiguous logic low electrical level to activate the circuit and indicate the DL command will be started immediately after the Delimiter’s ending time;
· R=>T calibration (RTcal): Which can be one or several symbols (e.g., OOK or PIE symbols), to make the device can measure/calibrate the length of DL transmission symbol and potentially can distinguish whether a received symbol is “0” or “1”;
· T=>R calibration (TRcal), potential: Which is used by the device to measure the length, to compute the UL data rate/single channel bandwidth, adjust its UL data rate/single channel bandwidth to be equal to the obtained value.
In general, the design details of DL preamble or Frame-sync may quite rely on the waveform, modulation and coding schemes for DL transmission, which can be further discussed after the schemes become clearer in DL waveform, modulation, and coding design for Ambient IoT.
[image: ]
Figure 2 Illustration of preamble/sync-frame design for Ambient IoT DL

[bookmark: OLE_LINK133][bookmark: _Hlk157067951]Proposal 2: DL preamble/frame-sync can be transmitted immediately before DL transmission in Ambient IoT for DL transmission clock timing acquisition.
· A Delimiter, R=>T calibration (RTcal) and potential T=>R calibration (TRcal) may be included in a DL preamble/frame-sync.
· How to design the DL preamble/frame-sync can be further decide after the DL waveform, modulation, and coding schemes become more stable in RAN1.
UL channel/signal
[bookmark: OLE_LINK135][bookmark: OLE_LINK140]According to the SID, HARQ-ACK feedback is not supported in Ambient IoT, also, it seems that CSI/PMI/RI report is not necessary as well, so NR PUCCH-like control channel is not needed in Ambient IoT.
[bookmark: OLE_LINK126][bookmark: OLE_LINK136]Proposal 3: NR PUCCH-like control channel is unnecessary to be introduced in Ambient IoT.
In uplink, there may be two kinds of transmission in Ambient IoT, the first one is a random binary stream which can be regarded as temporary identification of a device (similar to RN16); the second one is for device ID transmission and the potential subsequent UL data (such as the temperature in the use case of Sensor), which may be very longer than the former one. From our perspective, whether separate UL data channel formats are needed for these two kinds of transmission may depend on whether dedicated UL modulation and/or coding schemes could be applied for these two types of transmission. Therefore, we propose:


Figure 3 Illustration of two types of UL data channel formats

Proposal 4: One or two potential formats can be defined for Ambient IoT UL data channel:
· If only one format is defined, it is used for both the transmission of random temporary binary stream (RN16 like) and other UL data (e.g., device ID and the potential subsequent UL data transmission);
· If two formats are defined, the following two formats can be considered:
· A short format is used for the transmission of the random temporary binary stream (RN16 like);
· A long format is used for the transmission of other UL data (e.g., device ID and the potential subsequent UL data transmission).
Similar to DL, in UL, there may also need to transmit some preamble for UL transmission timing acquisition and alignment. A preamble with a potential pilot tone can be considered as starting point like RFID, also, a sequence with good autocorrelation characteristics (e.g., m sequence or ZC sequence) can be considered for the preamble since gNB and intermediate UE can perform sequence auto-correlation operation.
Proposal 5: UL preamble with potential pilot tone can be transmitted immediately before UL transmission for Ambient IoT UL transmission timing acquisition/alignment.
· How to design the UL preamble may depend on the UL modulation and/or coding scheme, some existing sequence, e.g., m sequence or ZC sequence in NR can be a starting point.
According to the SID, Ambient IoT device may suffer from the sampling frequency offset (SFO), which may have bad impacts on the UL transmission performance. Therefore, in our view, for long UL transmission, mid-amble can be inserted in-between the UL transmission segments for SFO tracking, which may be benefit for improving the UL transmission performance.
[image: ]
Figure 4 Illustration for mid-amble inserted in-between the segments of a long UL transmission
 
Proposal 6: Mid-amble can be inserted for SFO tracking in-between segments of a long UL transmission.
· Mid-amble can be same, truncated, or a totally different sequence from the sequence of preamble which is transmitted immediately before the UL transmission.
Time and frequency resource for DL/UL transmission
Since in Rel-19 Ambient IoT, only FR1 licensed spectrum in FDD is deployed, then in topology 1, for DL transmission (mainly for DL command) from gNB, the transmission spectrum should naturally be FDD DL spectrum; for UL, as mentioned in the SID, the transmission from Ambient IoT device (including backscattering when used) can at least occur in UL spectrum. From our perspective, whether the UL backscattering transmission can additionally occur in FDD DL spectrum may depend on which spectrum is used for CW transmission and whether the device has the capability to move the working frequency to the opposite spectrum.
However, in topology 2, for DL transmission from intermediate UE, the transmission spectrum should be FDD UL spectrum, the motivation is to fulfil the spectrum regulation for a UE like sidelink transmission; The UL transmission from Ambient IoT device should be carried on the UE’s UL spectrum.
Proposal 7: For DL transmission (mainly for DL command) in Ambient IoT:
· In topology 1, where the DL transmission is from gNB, FDD DL spectrum is used; 
· In topology 2, where the DL transmission is from intermediate UE, FDD UL spectrum is used.
Proposal 8: For UL transmission from Ambient IoT device (including backscattering when used):
· At least FDD UL spectrum can be used;
· FFS: Whether UL transmission from Ambient IoT device can occur in the FDD DL spectrum.
[bookmark: _Hlk158104005]As mentioned in our companion tdoc [2], to fulfil the device complexity and peak power consumption limitation, especially for type ⅰ device in the SID, narrow band transmission/reception is more suitable for Ambient IoT; further, the resource boundary is more feasible to align with the PRB grid in NR/LTE system, which can obtain better performance and improve the resource efficiency, especially for in-band deployment scenario. Therefore, we propose to use one or more PRBs for Ambient IoT DL transmission. Moreover, for interference reduction, RAN1 may need to discuss how many and where the PRBs should be reserved in the system bandwidth as guard PRBs for in-band deployment scenario.
Proposal 9: For Ambient IoT DL transmission, one or more PRBs are pre-defined by specification or configured in the corresponding system bandwidth defined for in-band, guard-band and standalone band deployments, separately.
· FFS: How many and where the PRBs should be reserved in the system bandwidth as guard PRBs for in-band deployment scenario.
For Ambient IoT uplink transmission, a system bandwidth will also be defined as in our companion tdoc [3]. Since the uplink transmission is more like a single carrier transmission which is backscattered based on the CW, similar to NB-IoT, Resource Unit (RU) can be defined as UL scheduling granularity, in which a RU would correspond to a {Single carrier bandwidth, corresponding time length} pair. For instance, it can be considered one or more RUs can be allocated for a UL transmission. In our view, the single carrier bandwidth size can be an integer multiple numbers of subcarrier size of NR, e.g., 15kHz, 30kHz, 150kHz, 300KHz, etc; and for each single carrier bandwidth, a corresponding time length will be defined, such as 4ms, 2ms, 1ms, 0.5ms. Similar to DL, there may also need some guard sub-band in frequency domain for interference avoidance, for in-band deployment scenario, which can be FFS.
Proposal 10: In the corresponding system bandwidth for Ambient IoT UL transmission, one or more Resource Units (RU) can be allocated for a UL transmission.
· One RU can be defined as the UL resource granularity, which occupies one single carrier bandwidth and has the corresponding length in time domain;
· FFS: The location and size of the guard sub-band in frequency domain for interference avoidance, for in-band deployment scenario.
Feasibility and required functionalities for proximity determination
[bookmark: _Hlk157070211]According to our companion tdoc [2], it is difficult for the Ambient IoT device to perform physical layer measurement (e.g., for RSSI/RSRP/RSRQ acquisition), so we think RAN1 should first clarify the exact meaning of this aspect. For example, does this mean that the gNB (in topology 1) or intermediate UE (in topology 2) measure the signal from the Ambient IoT devices, e.g., by the measurement of pilot tone, for proximity determination.
[bookmark: OLE_LINK146]Proposal 11: RAN1 may need to clarify what does “proximity determination” mean in this sub-agenda and which one is the executing entity of this procedure, e.g., gNB (intermediate UE) or Ambient IoT device.
Furthermore, from our perspective, at least for topology 2, the RSSI measured by intermediate UE from devices can be used for the gNB to decide which UE to be used as intermediate UE, but we think this is out of RAN1 scope. On the other hand, such kind of measurement may have the possibility to facilitate the scheduling, e.g., depend on the results to decide how many RUs are allocated, and the repetition number, etc.
Proposal 12: There are some benefits can be obtained by the “proximity determination”, e.g.:
· Facilitate the scheduling performance by such kind of measurement, which can be further studied by RAN1;
· Determine the intermediate UE or for devices’ positioning in topology 2, which may be up to other WG’s discussion.
Conclusion
In this contribution, initial views on downlink and uplink channel and signal aspects for Ambient IoT were provided. Based on the discussion, the following observations and proposals are proposed:
Observation 1:  Support DL Control + Data channel framework in Ambient IoT may cause more complexity and power consumption for device, meanwhile there is no clear obvious benefits to support such a framework.
Proposal 1: For DL channel, there may be two options about which kind(s) of channels can be introduced for Ambient IoT.
· Option 1: Support DL Data channel only, e.g., RFID like;
· Option 2: Support DL Control + Data channel, e. g., NR/LTE/NB-IoT like.
Proposal 2: DL preamble/frame-sync can be transmitted immediately before DL transmission in Ambient IoT for DL transmission clock timing acquisition.
· A Delimiter, R=>T calibration (RTcal) and potential T=>R calibration (TRcal) may be included in a DL preamble/frame-sync.
· How to design the DL preamble/frame-sync can be further decide after the DL waveform, modulation, and coding schemes become more stable in RAN1.
Proposal 3: NR PUCCH-like control channel is unnecessary to be introduced in Ambient IoT.
Proposal 4: One or two potential formats can be defined for Ambient IoT UL data channel:
· If only one format is defined, it is used for both the transmission of random temporary binary stream (RN16 like) and other UL data (e.g., device ID and the potential subsequent UL data transmission);
· If two formats are defined, the following two formats can be considered:
· A short format is used for the transmission of the random temporary binary stream (RN16 like);
· A long format is used for the transmission of other UL data (e.g., device ID and the potential subsequent UL data transmission).
Proposal 5: UL preamble with potential pilot tone can be transmitted immediately before UL transmission for Ambient IoT UL transmission timing acquisition/alignment.
· How to design the UL preamble may depend on the UL modulation and/or coding scheme, some existing sequence, e.g., m sequence or ZC sequence in NR can be a starting point.
Proposal 6: Mid-amble can be inserted for SFO tracking in-between segments of a long UL transmission.
· Mid-amble can be same, truncated, or a totally different sequence from the sequence of preamble which is transmitted immediately before the UL transmission.
Proposal 7: For DL transmission (mainly for DL command) in Ambient IoT:
· In topology 1, where the DL transmission is from gNB, FDD DL spectrum is used; 
· In topology 2, where the DL transmission is from intermediate UE, FDD UL spectrum is used.
Proposal 8: For UL transmission from Ambient IoT device (including backscattering when used):
· At least FDD UL spectrum can be used;
· FFS: Whether UL transmission from Ambient IoT device can occur in the FDD DL spectrum.
Proposal 9: For Ambient IoT DL transmission, one or more PRBs are pre-defined by specification or configured in the corresponding system bandwidth defined for in-band, guard-band and standalone band deployments, separately.
· FFS: How many and where the PRBs should be reserved in the system bandwidth as guard PRBs for in-band deployment scenario.
Proposal 10: In the corresponding system bandwidth for Ambient IoT UL transmission, one or more Resource Units (RU) can be allocated for a UL transmission.
· One RU can be defined as the UL resource granularity, which occupies one single carrier bandwidth and has the corresponding length in time domain;
· FFS: The location and size of the guard sub-band in frequency domain for interference avoidance, for in-band deployment scenario
Proposal 11: RAN1 may need to clarify what does “proximity determination” mean in this sub-agenda and which one is the executing entity of this procedure, e.g., gNB (intermediate UE) or Ambient IoT device.
Proposal 12: There are some benefits can be obtained by the “proximity determination”, e.g.:
· Facilitate the scheduling performance by such kind of measurement, which can be further studied by RAN1;
· Determine the intermediate UE or for devices’ positioning in topology 2, which may be up to other WG’s discussion.
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