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Introduction
[bookmark: _Hlk58595024]In RAN#102, a new study item on ambient IoT has been approved with SID in [1]. The general scope of the study is defined as:
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. 
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 [2]:
· Deployment scenario 1 with Topology 1
· 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.
From RAN1 perspective, following objectives are included for the study:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. 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 discuss our views on physical channels/signals for downlink and uplink for ambient IoT. In addition, we also provide our views on proximity determination of the ambient IoT devices.
Discussion
General considerations
For the design of physical downlink and uplink channels/signals for ambient IoT device, as a first step, we should focus on identifying the need for each of the downlink and uplink channels/signals that are currently supported in NR. To determine the need for each of the channels/signals, at least following aspects should be considered:

· Ambient IoT device is not expected to perform measurements
· From functionality point of view,
· no mobility support is included in the scope and there is no need to perform RRM measurements
· Typically, for passive devices, coherent detection is not expected to be supported
· From device’s power consumption and complexity point of view, performing measurements may not be feasible, especially for lower-category device

· No specific consideration for autonomous uplink transmission from the ambient IoT device, i.e. the physical channels/signals should be designed to support only DT and DO-DTT type of traffic
· For a fully network-controlled traffic flow, the scheduling requirement and corresponding physical channel design for ambient IoT device need not be as flexible in NR

· Considering harmonized design for lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundreds µW of peak power consumption), the aim should be to strive for supporting or not supporting a given channel/signal for both the category of devices
· Requirement of a physical channel/signal for lower-category device should be the baseline and any additional need for higher-category device should be carefully assessed/justified


Proposal 1: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), as a first step, identify the need for each of the downlink and uplink channels/signals that are currently supported in NR

Proposal 2: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), consider at least following requirement criteria for determining the need of each of the physical channels/signals
· Ambient IoT device is not expected to perform measurements
· No specific consideration for autonomous uplink transmission from the ambient IoT device
· Strive for either supporting or not supporting a given physical channel/signal for both the category of devices, i.e. do not consider device category-specific support of physical channel/signal

Other aspects that may also need to be considered from PHY channels/signaling perspective is whether/how an intermediate is configured/signaled to assist ambient IoT devices. UE may need additional downlink control information to indicate forwarding resources for downlink/uplink forwarding and/or carrier wave generation and corresponding parameters. 

Physical downlink channels/signals
In this section, we discuss and share our views on each of the existing NR physical downlink channels/signals for ambient IoT.


Physical Broadcast Channel (PBCH)

PBCH is used mainly for the purpose of broadcasting system information to the UEs including master information block (MIB). It is attached with PSS/SSS and carries PBCH carries critical information required for further system access, .e.g. to acquire SIB1. From ambient IoT device point of view, especially for low-category device, i.e. passive ambient IoT device, such periodic broadcast of system information may not be needed as typically the device will be asynchronous and not be expected to maintain such information. In our view, PBCH is not necessary for passive ambient IoT device. For active ambient IoT device, under the high-category, we can presume the device may be slightly more sophisticated and may be capable of receiving periodic broadcast information. However, the motivation is unclear on what exact system information may be beneficial for such devices. Moreover, assuming that PBCH is not needed for lower-category of devices, we can consider not supporting PBCH for even higher-category of devices in order to have a harmonized design. 

Observation 1: For lower-category device (~1µW of peak power consumption), it may not be possible for the device to periodically receive broadcasted system information from the network and store temporary memory.

Observation 2: For higher-category device (~ few hundreds µW of peak power consumption), the motivation is unclear on exactly what broadcast information may be necessary/beneficial for such device to be received periodically.

Proposal 3: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we could consider not supporting PBCH


Primary/Secondary Synchronization Signal (PSS/SSS)

PSS and SSS are primarily used for time-frequency synchronization, cell-search, and periodic channel measurements. One of the main requirements to achieve very tight timing synchronization is the presence of accurate clock generators on legacy devices. However, for the ambient IoT device, especially for the lower-category device, we don’t think it is realistic to assume that such tight synchronization will be possible. Furthermore, no measurements are expected to be performed. Therefore, for lower-category device, there is no need to support PSS/SSS. Rather, every downlink transmission can be most likely attached with a simple preamble to achieve coarse level of time synchronization. For the higher-category device, PSS/SSS maybe a possibility to achieve better synchronization for downlink. However, the benefit and the need compared to preamble aided downlink transmission may not be fully clear. Therefore, also considering harmonized design, we can start with the baseline assumption that PSS/SSS is not needed for ambient IoT device.

Observation 3: For lower-category device (~1µW of peak power consumption), it may not be possible for the device to have time timing synchronization based on PSS/SSS due to low-cost and complexity.

Observation 4: For higher-category device (~ few hundreds µW of peak power consumption), the motivation is unclear on additional benefit of PSS/SSS compared to simple preamble-based downlink timing synchronization.

Proposal 4: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we could consider not supporting PSS/SSS.


Physical Downlink Control Channel (PDCCH)

Physical downlink control channels are one of the building blocks in NR as they are essentially responsible for carrying any downlink control information, especially for downlink scheduling and uplink grants. In NR, there are wide variety of use-cases with varying traffic pattern and therefore, the PDCCH configuration for the UE to monitor and receive PDCCH is quite complex and energy consuming. For ambient IoT devices, only DT and DO-DTT traffic type will be supported. Essentially, the device’s UL communication is always triggered by downlink command/query and the scheduling can be quite simplified in comparison to NR. Fundamentally, the downlink command/query to trigger UL transmission can be contained within the PDSCH. In addition, most of the uplink and downlink parameters scheduling parameters transmitted via DCI formats may not be needed for ambient IoT due to fixed/static configuration. Other parameters, e.g. time domain resources for further downlink query/command and/or uplink response or coding rate for DL/UL that might need to be indicated by the network, could be contained as part of the query command that can be transmitted , e.g. via PDSCH.  

Observation 5: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there may not be strong motivation to support PDCCH due to very fixed pattern of traffic/scheduling requirements for DT and DO-DTT
· Moreover, support PDCCH monitoring, and reception could be quite complex procedure for ambient IoT devices, unless if the design is significantly simplified. 

Proposal  5: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), in our view, we can consider the baseline assumption to not support PDCCH


Physical Downlink Shared Channel (PDSCH)

In our view, it is quite straightforward to assume that all the query and command on the downlink will need to be transmitted via PDSCH. Therefore, we expect that PDSCH is supported for both lower-category and higher-category device. Specific design of PDSCH will depend on factors including numerology, symbol duration, waveform type, channel coding scheme, frame structure, scheduling timing requirements, etc. In our view, these aspects are mainly going to be discussed under agenda 9.4.2.1 and 9.4.2.2. More details on these aspects are discussed in our contributions [3] and [4]. Generally speaking, in the absence of PDCCH, PDSCH can contain scheduling related information for further downlink and uplink communication, e.g. for an inventory round by providing information such as time resources for both uplink and downlink, coding rate, etc. Further advanced details for PDSCH transmission can be later discussed, e.g. improve coverage in case the backscattered signal power is not sufficient by repeating the PDSCH transmissions.

Proposal  6: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), PDSCH is supported to perform downlink transmissions including query and commands from the network to the device
· Exact design details for PDSCH will depend on the outcome under agenda 9.4.2.1 and 9.4.2.2
Downlink Demodulation Reference Signal (DL DMRS)

DL DMRS is utilized for coherent demodulation for performing downlink channel estimation. For ambient IoT devices, typically non-coherent detection is sufficient, as in RFID case. Moreover, performing channel estimation at the device required complex operations which will impact the complexity as well the cost of the devices. Therefore, for both lower-category and higher-category-device, we don’t think that the need to support DL DMRS can be justified. 

Observation 6: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no strong motivation to support DL DMRS for DL channel estimation and device is not expected to perform complex operations and measurements.

Proposal 7: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we think that DL DMRS may not need to be supported


Downlink Phase Tracking Reference Signal (DL PTRS)

DL PTRS is utilized for downlink phase noise tracking and moreover, typically beneficial for FR2. For ambient IoT devices in FR1, there is no motivation/benefit of supporting PTRS and also considering no support of any RS measurements at the device side. Therefore, for both lower-category and higher-category-device, we think that DL PTRS is not needed. 

Observation 7: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no motivation to support phase noise tracking via DL PTRS in FR1

Proposal 8: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), DL PTRS should not be supported


Channel State Information Reference Signal/ Tracking Reference Signal (CSI-RS/TRS)

Similar to other RS, we don’t think it is feasible for the ambient IoT device, especially lower-category device to perform any RS measurements and moreover, we don’t envision any channel and/or beam measurements for both lower and higher category of devices. Supporting this would significantly impact the device’s complexity and power consumption requirements. Therefore, for both lower-category and higher-category-device, we think that CSI-RS/TRS is not needed.

Observation 8: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no strong motivation to support CSI-RS/TRS as device is not expected to perform measurements, in order to keep the complexity and power consumption very limited. 

Proposal 9: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), DL PTRS should not be supported



Summary of all the DL channels/signals for ambient IoT devices

	Downlink

	Channels/Signals
	Current Functionality
	Need for Low-Cat Device?
	Need for High-Cat Device?

	PBCH
	For broadcasting system information
	No
	No

	PDCCH
	For downlink control information for downlink and uplink including scheduling, power control, etc.
	No
	No

	PDSCH
	For downlink user data including MAC CE and RRC as well
	Yes
	Yes

	PSS/SSS
	For time-frequency synchronization and cell search
	No
	No

	DMRS
	For downlink channel estimation
	No
	No

	PTRS
	For tracking PN
	No
	No

	CSI-RS/TRS
	For downlink channel measurement, beam management, RRM/RLM measurement, and refined time-frequency tracking.
	No
	No



Physical uplink channels/signals
In this section, we discuss and share our views on each of the existing NR physical uplink channels/signals for ambient IoT.

Physical Random-Access Channel (PRACH)

PRACH is used primarily with the purpose of UL timing synchronization and allow orthogonal random access among multiple UEs. For ambient IoT, for the lower-category devices, due to very low-cost  clock generators, it is not expected to achieve similar level of synchronization. Therefore, there is no strong motivation for the lower-category device to support PRACH. However, for higher-category devices, in our view, random access can be improved compared to existing random-access techniques for RFID. Basically, in addition to time-domain random access, we think that frequency and/or code domain access should be investigated for higher-category device. We discuss these aspects more in detail in our contribution [4]. Based on this, we think that PRACH or a similar channel with simplified design can be considered for higher-category device.

Observation 9: For lower-category device (~1µW of peak power consumption), it may not be possible for the device to achieve UL time synchronization and support advance random-access procedures.

Observation 10: For higher-category device (~ few hundreds µW of peak power consumption), relatively better UL timing synchronization could be possible and random access compared to lower-category device could be improved via TDM and/or FDM and CDM based multiple access.

Proposal 10: For the lower- category device (~1µW of peak power consumption), we could consider not supporting PRACH

Proposal 11: For the higher-category device (~ few hundred µW of peak power consumption), we should investigate whether/how PRACH, or a simplified PRACH-like channel is supported
· Exact design details for random access will depend on the outcome under agenda 9.4.2.2


Physical Uplink Control Channel (PUCCH)

PUCCH in NR is used for transmitting uplink control information including SR, CSI, HARQ-ACK. For ambient IoT device, SR may not need to be supported as the traffic type to be supported includes DT and DO-DTT, essentially network triggered UL traffic only. Regarding CSI, since we assume that ambient IoT device may not be capable of performing measurements, therefore no CSI feedback would be expected. Lastly, HARQ-ACK is not supported based on the scope of SID. Therefore, we don’t see any motivation to support PUCCH for both lower-category and higher-category of ambient IoT devices, unless any new UCI for ambient IoT is considered, e.g. energy status/level feedback to network, etc. However, it could be argues that such information, if justified, could be requested by network via PDSCH and responded back by the device via PUSCH.

Observation 11: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), no UCI including HARQ-ACK, SR and CSI feedback is expected to be transmitted.

Proposal 12: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), PUCCH should not be supported


Physical Uplink Shared Channel (PUSCH)

In our view, it is quite straightforward to assume that all the response from the device on the uplink will need to be transmitted via PUSCH. Therefore, we expect that PUSCH is supported for both lower-category and higher-category device. Specific design of PUSCH will depend on factors including numerology, symbol duration, waveform type, channel coding scheme, frame structure, scheduling timing requirements, etc. In our view, these aspects are mainly going to be discussed under agenda 9.4.2.1 and 9.4.2.2. More details on these aspects are discussed in our contributions [3] and [4].

Proposal  13: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), PUSCH is supported to perform uplink transmissions/backscattering for response to the network from the device
· Exact design details for PUSCH will depend on the outcome under agenda 9.4.2.1 and 9.4.2.2

Uplink DeModulation Reference Signal (UL DMRS)

UL DMRS is utilized for coherent demodulation for performing uplink channel estimation. For ambient IoT devices, typically non-coherent detection is sufficient, as in RFID case. Therefore, for both lower-category and higher-category-device, we don’t think that the need to support UL DMRS can be justified. 

Observation 12: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no strong motivation to support UL DMRS for UL channel estimation.

Proposal 14: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we think that UL DMRS may not need to be supported


Uplink Phase Tracking Reference Signal (UL PTRS)

UL PTRS is utilized for uplink phase noise tracking and moreover, typically beneficial for FR2. For ambient IoT devices in FR1, there is no motivation/benefit of supporting PTRS. Therefore, for both lower-category and higher-category-device, we think that UL PTRS is not needed. 

Observation 13: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no motivation to support phase noise tracking via UL PTRS in FR1

Proposal 15: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), UL PTRS should not be supported


Sounding Reference Signal (SRS)

UL SRS is used for performing channel/beam measurements on the uplink. In NR, multiple usage can be configured for the SRS ports. For ambient IoT device, similar to other RS, we did not identify any motivation to support UL SRS for such low-complexity and low-power devices. Therefore, we think that SRS is not needed for both the lower-category and higher-category ambient IoT devices.

Observation 14: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no motivation to support UL SRS, similar to other RSs

Proposal 16: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), UL SRS should not be supported









Summary of all the UL channels/signals for ambient IoT devices


	Uplink

	Channels/Signals
	Current Functionality
	Need for Low-Cat Device?
	Need for High-Cat Device?

	PRACH
	For random access
	No
	Depends on discussion in 9.4.2.2

	PUCCH
	For UCI including HARQ-ACK, CSI report, SR
	No
	No

	PUSCH
	For uplink user data
	Yes
	Yes

	DMRS
	For uplink channel estimation
	No
	No

	PTRS
	For tracking PN
	No
	No

	SRS
	For uplink channel measurement, time-frequency synchronization, and beam management
	No
	No




Proximity determination
Based on the SID, it should be investigated whether/how proximity determination could be supported for ambient IoT devices. As discussed above for different reference signals and measurements, we think that for both the lower-category and higher-category devices, performing any device side measurements/reporting for proximity could be challenging and should not be considered. Moreover, in our view, the benefit of introducing support for proximity determination may not be fully clear or apparent for indoor inventory management and command use-cases. From our perspective, network may be able to estimate how close or far the device is, based on implementation at the gNB side. Therefore, at least from device perspective, we don’t see a strong motivation to specify support for proximity determination and device-based proximity determination should not be considered. Network-based proximity determination could be considered, provided no additional burden/optimization needed on device side. For example, time-based proximity determination may be used by the network to determine a coarse range of the device relative to gNB. This could be based on the RTT delay of the backscattered wave corresponding to a carrier wave.

Observation 15: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), performing any device side measurements/reporting for proximity could be challenging

Proposal 17: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), device-based proximity determination should not be considered
· Network-based proximity determination could be considered, provided no additional burden/optimization needed on device side


Conclusion
In this contribution, we made the following observations and proposals on PHY channels/signals for uplink and downlink and proximity determination for ambient IoT devices:

Observation 1: For lower-category device (~1µW of peak power consumption), it may not be possible for the device to periodically receive broadcasted system information from the network and store temporary memory.

Observation 2: For higher-category device (~ few hundreds µW of peak power consumption), the motivation is unclear on exactly what broadcast information may be necessary/beneficial for such device to be received periodically.

Observation 3: For lower-category device (~1µW of peak power consumption), it may not be possible for the device to have time timing synchronization based on PSS/SSS due to low-cost and complexity.

Observation 4: For higher-category device (~ few hundreds µW of peak power consumption), the motivation is unclear on additional benefit of PSS/SSS compared to simple preamble-based downlink timing synchronization.

Observation 5: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there may not be strong motivation to support PDCCH due to very fixed pattern of traffic/scheduling requirements for DT and DO-DTT
· Moreover, support PDCCH monitoring, and reception could be quite complex procedure for ambient IoT devices, unless if the design is significantly simplified. 

Observation 6: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no strong motivation to support DL DMRS for DL channel estimation and device is not expected to perform complex operations and measurements.

Observation 7: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no motivation to support phase noise tracking via DL PTRS in FR1



Observation 8: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no strong motivation to support CSI-RS/TRS as device is not expected to perform measurements, in order to keep the complexity and power consumption very limited. 

Observation 9: For lower-category device (~1µW of peak power consumption), it may not be possible for the device to achieve UL time synchronization and support advance random-access procedures.

Observation 10: For higher-category device (~ few hundreds µW of peak power consumption), relatively better UL timing synchronization could be possible and random access compared to lower-category device could be improved via TDM and/or FDM and CDM based multiple access.

Observation 11: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), no UCI including HARQ-ACK, SR and CSI feedback is expected to be transmitted.

Observation 12: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no strong motivation to support UL DMRS for UL channel estimation.

Observation 13: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no motivation to support phase noise tracking via UL PTRS in FR1

Observation 14: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), there is no motivation to support UL SRS, similar to other RSs

Observation 15: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), performing any device side measurements/reporting for proximity could be challenging


Proposal 1: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), as a first step, identify the need for each of the downlink and uplink channels/signals that are currently supported in NR

Proposal 2: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), consider at least following requirement criteria for determining the need of each of the physical channels/signals
· Ambient IoT device is not expected to perform measurements
· No specific consideration for autonomous uplink transmission from the ambient IoT device
· Strive for either supporting or not supporting a given physical channel/signal for both the category of devices, i.e. do not consider device category-specific support of physical channel/signal

Proposal 3: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we could consider not supporting PBCH

Proposal 4: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we could consider not supporting PSS/SSS.

Proposal  5: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), in our view, we can consider the baseline assumption to not support PDCCH

Proposal  6: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), PDSCH is supported to perform downlink transmissions including query and commands from the network to the device
· Exact design details for PDSCH will depend on the outcome under agenda 9.4.2.1 and 9.4.2.2

Proposal 7: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we think that DL DMRS may not need to be supported

Proposal 8: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), DL PTRS should not be supported

Proposal 9: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), DL PTRS should not be supported

Proposal 10: For the lower- category device (~1µW of peak power consumption), we could consider not supporting PRACH

Proposal 11: For the higher-category device (~ few hundred µW of peak power consumption), we should investigate whether/how PRACH, or a simplified PRACH-like channel is supported
· Exact design details for random access will depend on the outcome under agenda 9.4.2.2

Proposal 12: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), PUCCH should not be supported

Proposal  13: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), PUSCH is supported to perform uplink transmissions/backscattering for response to the network from the device
· Exact design details for PUSCH will depend on the outcome under agenda 9.4.2.1 and 9.4.2.2

Proposal 14: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), we think that UL DMRS may not need to be supported

Proposal 15: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), UL PTRS should not be supported

Proposal 16: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), UL SRS should not be supported

Proposal 17: For both the lower- category device (~1µW of peak power consumption) and higher-category device (~ few hundred µW of peak power consumption), device-based proximity determination should not be considered
· Network-based proximity determination could be considered, provided no additional burden/optimization needed on device side
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