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1. Introduction
In RAN1#116, we have the following agreements: 
Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study

Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period.

Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

In this contribution, we share our views on the following aspects: 
· For R2D/D2R data design 
· For R2D/D2R control design 
· For R2D/D2R resource allocation 
· For proximity determination

2. R2D/D2R data design

2.1 R2D preamble for PRDCH

For A-IoT R2D transmission, RAN1 has agreed a R2D preamble is the timing acquisition signal at least provides timing information to receive the associated R2D transmission. For example, if the R2D transmission is modulated by OOK, the timing acquisition signal should at least provide OOK symbol/chip length/duration for the following R2D transmission. Assuming Manchester coding with OOK modulation is adopted for R2D payload (control/data) and CP-OFDM transmitter including CP process is re-used by reader, the waveform of the timing acquisition signal could be such that it has OOK chips with the equal length over the OFDM symbol(s) after the CP addition. Fig. 1 illustrates an example of such sequence.

[image: ]
Fig. 1	Example OOK sequence for R2D timing acquisition signal

With a line coding such as Manchester coding, the A-IoT device would be able to keep tracking symbol boundary after the timing identification using the timing acquisition signal. Therefore, the benefit of midamble for R2D transmission is yet unclear. There might be some cases where the device loses timing and midamble may help to recover the timing. However, considering that no FEC is baseline for a TB in the R2D transmission, it is not clear how much useful if timing recovery is enabled by midamble after A-IoT device loses timing. Errors caused by timing lost, if any, cannot be recovered by midamble without FEC. If there are multiple TBs transmitted for different A-IoT devices in the R2D transmission, midamble per TB may be useful for detection per device.
The benefit of postamble is also not clear. Postamble to indicate ‘end-of-file’ would not work well since miss detection of postamble causes ‘end-of-file’ ambiguity. It is simpler to indicate packet/file/transmission length at the early part of the R2D transmission, potentially as part of R2D control information. In UHF RFID, a reader begins the R=>T communication (R=>T: reader to tag) with either a preamble or a frame-sync. A preamble precedes a Query command. All other signals begin with a frame-sync. The preamble with predefined format can indicate the symbol length for R=>T and T=>R. The frame-sync can be regarded as a shorted version of preamble, which only indicates the symbol length of R=>T. For A-IoT, if the symbol length of D2R is indicated by R2D preamble, it also requires the extension of the signal. The variant symbol length of D2R may require blind detection at A-IoT receiver. A simple way could be to indicate the symbol length of D2R in the R2D control.

Proposal 1:
· R2D timing acquisition signal associated with R2D transmission should at least include preamble
· The preamble provides timing related information to receive the R2D transmission, such as OOK symbol/chip length/duration.
· Further study if it is necessary to introduce midamble/postamble in R2D transmission


2.2 R2D data mapping to PRDCH

The processing structure for a transport block (TB) of the R2D data mapping to PRDCH is illustrated in Fig. 2. 
[image: ]
Fig. 2 R2D data mapping to PRDCH

-     Add CRC attachment to the TB
RAN1 has agreed R2D study assumes use of CRC. For R2D data transmission, the CRC is needed to ensure the validity. The length of CRC could be dependent on the message size and the reliability requirement of the R2D transmission. In UHF RFID, the CRC is used to ensure the validity of each R=>T transmission. There are two CRC types: (1) a CRC-16 and (ii) a CRC-5. Query is protected by a CRC-5. The other command and data use a CRC-16. In NR/LTE, CRC is also used for physical DL/UL channels. For NR data channel, different length of CRC is applied, e.g., a 24-bit CRC for the TB size larger than 3824, and a 16-bit CRC otherwise. Considering complexity and overhead, a fixed size of CRC, e.g., 16-bit CRC, can be attached to the TB of R2D data.

-     Scrambling
In NR/LTE, the data bits after channel encoding are scrambled with a pseudo random sequence, which is based on cell ID and/or RNTI for identification/interference randomization. The information bits of the signal can theoretically be same with other interfering signal which may lead to failure of decoding at the receiver end. This scrambling adds extra randomness to the information bits which provides coding gain by suppressing the interference. In NR/LTE, the scrambling is different and unique for each channel and each cell, by using different initialization seed, c_init, where the c_init is a function of cell ID and UE RNTI for identification. It may also change by time for interference randomization.
In RFID, the coverage is very limited. No scrambling is applied. However, A-IoT communications have larger coverage and the readers in dense scenarios may have overlapping coverage, especially for separate BS/reader tx/rx in Topology 1 and UE/reader in case of Topology 2. It may need to consider scrambling of the control/data for identification and interference randomization. The scrambling sequence of unicast R2D data from a reader to a device may be based on device ID and/or reader ID. 

-     Line code
Line coding is useful for A-IoT device to recover clock or identify symbol boundaries during data reception. Manchester coding would be a better choice than PIE for R2D transmission and more detailed discussion is in [2].

-     Modulation
For R2D transmission, the OOK-1 or OOK-4 can be considered. Assuming Manchester coding and OOK-4 with SCS 15kHz, M = 1, 2, 4, 8, and 16 achieves 7, 14, 28, 56, and 112kbps respectively. The OOK-1/OOK-4 with M-chip per OFDM symbol can use CP-OFDM compatible transmitter and more detailed discussion is in [2].

Proposal 2: For R2D data mapping to PRDCH, the processing structure includes the CRC attachment, scrambling, line code and modulation.


2.3 D2R preamble for PDRCH

There are two types of timing acquisition for D2R:
· D2R timing acquisition 1: A-IoT device to acquire transmission timing, square wave frequency/length, symbol/bit rate/length, of D2R transmission.
· D2R timing acquisition 2: Reader to acquire transmission/symbol/chip timing for D2R reception

For UHF RFID, time window for D2R transmission is specified that starts from the end of the corresponding R2D reception. The square wave frequency (= BLF) is identified based on the R2D preamble waveform (= TRcal) and the indication (= DR) in the R2D message. These enables D2R timing acquisition 1 for UHF RFID device. Further, D2R transmission has a preamble. The preamble enables D2R timing acquisition 2 for RFID reader. 

For A-IoT D2R transmission, similar to UHF RFID, a device cannot arbitrarily select square wave frequency/length, symbol/bit rate/length, and D2R transmission timing. D2R timing acquisition 1 should be based at least on reader’s instructions to some extent. Exact means to provide these timing information may depends on synchronization framework, physical layer waveform design, bandwidth/square-wave frequency, etc.

Proposal 3:
· A-IoT device acquires transmission timing, such as square wave frequency/length, symbol/bit rate/length, of D2R transmission, based at least on reader’s instruction, e.g., by R2D control.

Regarding timing acquisition 2, RAN1 agreed to consider a D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain to the reader for reception. Assuming that the square wave generated by the device in baseband is used for both D2R timing acquisition signal and rest of the associated D2R transmission, it is straightforward to use the square wave with a same frequency for both D2R timing acquisition signal and for the rest of the associated D2R transmission as baseline. Further, timing acquisition 2 must be done before the reader receives rest of the D2R transmission. Therefore, the D2R timing acquisition signal should be at least D2R preamble. Similar as RFID T=>R preamble, where there are 2 preambles for FM0 or Miller message and the Query command tells the Tag which to use, the D2R preamble is generated based on the symbol rate indicated by R2D control. 

Each A-IoT device has its clock error such as jitter and drift. If the symbol or square wave has timing error that is beyond tolerance, the reader would not be able to demodulate/decode the information correctly. An option to resolve this is to apply line coding. UHF RFID adopts FM0/MMS as D2R line coding. The other option is to insert D2R timing acquisition signal (e.g., midamble) with a certain rate such that it keeps the timing error within the tolerable range as illustrated in Fig. 3. The timing error caused by imperfect clock highly depends on the clock error model and D2R transmission length. The tolerance of timing error highly depends on modulation/coding scheme, square wave frequency.
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(a) Timing error accumulation without midamble
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(b) Timing error accumulation with midamble
Fig. 3	Impact of D2R timing error

Proposal 4:
· D2R timing acquisition by reader should be done at least using D2R preamble
· Discuss if/how much midamble is necessary together with clock error model and D2R waveform

2.4 D2R data mapping to PDRCH

The processing structure for a transport block (TB) for the D2R data mapping to PDRCH is illustrated in Fig. 4. 

[image: ]
Fig. 4 D2R data mapping to PDRCH

-     Add CRC attachment to the TB
RAN1 has agreed D2R study assumes use of CRC. Similar as that of R2D data transmission, the CRC is also needed to verify D2R data transmission. For sake of simplicity, the length of CRC for D2R data can be same as that of R2D data. 

· Coding (FEC)
The channel coding can be considered for D2R transmission. Simulation shows that PSK with convolutional coding as FEC offers significant improvement than FM0 without FEC. More detailed discussion is in [2]. 
· Scrambling 
Similar as R2D data mapping to PRDCH, scrambling can be considered for the D2R data mapping to PDRCH. Whether the scrambling sequence is based on device ID and/or reader ID can be further studied. 

· Modulation
For A-IoT D2R transmission, data modulation does not need to be limited to a coded modulation such as FM0/MMS. If the timing is acquired by timing acquisition signal, and the timing error can be kept within an acceptable range until the end of the D2R transmission, the data modulation can be based on other option, e.g., PSK, ASK, or FSK. Based on simulation comparison, PSK offers the best performance among PSK, ASK, and FSK with square wave [2]. Therefore, the PSK square wave can be used for D2R data transmission.

Proposal 5: For D2R data mapping to PDRCH, the processing structure includes the CRC attachment, FEC coding, scrambling, and modulation.


3. R2D/D2R control design

3.1 R2D control information/functionality

Compared with UHF RFID, the A-IoT communication is targeting to have larger coverage, support different types of devices, higher data rate, more reliability and better efficiency. The RFID query to get one tag response per round and the data flow for only one tag may not be efficient enough to handle dense scenarios. Besides the basic unicast control/data, the R2D control may schedule multiple transmissions for or from more than one device by TDM or FDM. RAN1 should study how to indicate the R2D control to indicate the scheduling information as well as early identification before the long transmission so that the device can decide to go to sleep if it is not the target. 
The R2D control can provide the information to schedule R2D data reception and/or D2R control/data transmission, including:
· Wake-up signal (WUS) for early indication, e.g., broadcast/groupcast/unicast, device ID/group ID, and reader ID if needed.
· Time/freq resource allocation for R2D or D2R scheduling
· For R2D data: The frequency resources if different than R2D control should be indicated. The time offset relative to R2D control if non-zero.
· For D2R control/data: The frequency shift for D2R backscattering or frequency resources for D2R active transmission is indicated for one or multiple devices. The time offset TR2D between R2D control and corresponding scheduled D2R data, or the time offset TR2D between R2D data and corresponding D2R control (ACK response) may need to be indicated if not predefined.
· Symbol rate and TBS for R2D data or D2R data
· Single-TB or multi-TB scheduling for same or different devices
· FFS: other control information, e.g., power control if configured for D2R of device 2a/2b.

Proposal 6: For R2D control, RAN1 to consider at least the functionality of early indication and scheduling information for R2D and D2R transmission, respectively.

3.2 R2D control mapping to a physical channel

There are different alternatives for R2D control mapping to a physical channel, which can be illustrated as Fig. 5: 
· Alt1: R2D control not in MAC-CE, which can be detected separately from R2D data
· Alt1a: R2D control in a new physical R2D control channel (e.g., PRDCCH)
· Alt1b: R2D control in PRDCH, e.g., different PRDCH formats for R2D data and control
· Alt2: R2D control in MAC-CE 
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Alt1
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Alt2
Fig. 5 R2D control mapping to a physical channel

Alt1 can enable separate detection of R2D control and R2D data, e.g., using separate CRC for R2D control and R2D data. Alt1a and Alt1b can be based on similar processing structure similar as that of R2D data mapping to PRDCH. Whether Alt1a or Alt1b may be just a naming issue, in our view.
· Alt1a is similar as that of NB-IoT downlink, where NPDCCH is for downlink control and NPDSCH is for downlink data, and they are using different physical channels, where they are still based on similar processing structure (as given in Appendix A.1). 
· Alt1b is similar as that of NB-IoT uplink, where NPUSCH format 1 is for uplink control and NPUSCH format 2 is for uplink data, and they are using the same physical channel NPUSCH, although they use different processing procedures (as given in Appendix A.2). 

In Alt1a/1b, the CRC and scrambling for R2D control may be different from that of R2D data. RAN1 can study whether the CRC size for R2D control is same or longer than that of R2D data to achieve higher reliability. For NR PDCCH, a 24-bit CRC is attached, and the CRC is scrambled by RNTI to identify the DCI format. In addition, whether to apply cover codes of CRC by the reader ID and/or device ID for R2D control can be further studied. For the scrambling of R2D control, whether to use ID may be dependent on whether R2D control is for a single device or for multiple devices.
Alt2 is similar as some commands defined for RFID transmission. For example, the MAC-CE to indicate the R2D control can be associated with the R2D data for a single device. However, if the reader is to schedule the R2D or D2R data for multiple devices, how to associate the MAC-CE with the data for different devices may need more complicated design. Compared with Alt1, Alt2 may not be able to enable early indication, since the device probably needs to wait until the end of the transmission and check the joint CRC for both the R2D control in MAC-CE and R2D data. Since the data rate and the length of the R2D payload cannot be known based on R2D control, other indication scheme is needed, such as preamble and postamble, which may need further study on the complexity of blind detection and reliability. 

Proposal 7: For R2D control mapping to a physical channel, RAN1 to consider 
· Alt1: R2D control not in MAC-CE, which can be detected separately from R2D data
· Alt1a: R2D control in a new physical R2D control channel (e.g., PRDCCH)
· Alt1b: R2D control in PRDCH, e.g., different PRDCH formats for R2D data and control
· Alt2: R2D control in MAC-CE

3.3 D2R control information/functionality

The D2R control provides the information to respond the reader or other additional information to the reader, such as:
· ACK response: 
· E.g., device ID, bitmap for multi-TB feedback, etc..
· NACK response and other error codes for the NACK: 
· E.g., memory overrun, memory locked, insufficient power, etc.
· FFS: other control information, 
· E.g., D2R SR (scheduling request) for A-IoT device to request scheduling D2R to transfer further data information for DO-DTT.

Proposal 8: For D2R control, RAN1 to consider at least the functionality of ACK response, NACK response and error code.

For contention-based initial access, the device would transmit msg1 after msg0 triggered by the reader [3], where msg0 is similar as Query in RFID. In previous RAN1 meeting, it was agreed that the response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH, which would include msg3/msg5. The msg1 for contention-based access may send the temporary device ID, similar as RN16 for RFID. So, the msg1 can be considered as a special D2R control and uses a physical channel as D2R control.
 
Proposal 9: Msg1 for contention-based access can be considered as a special D2R control and map to the physical channel used for D2R control.


3.4 D2R control mapping to a physical channel

Similar as R2D control mapping to a physical channel, there could be different alternatives for D2R control mapping to a physical channel, as illustrated in Fig. 6: 
· Alt1: D2R control not in MAC-CE, which can be detected separately from D2R data.
· Alt1a: D2R control in a new physical D2R control channel (e.g., PDRCCH)
· Alt1b: D2R control in PDRCH, e.g., different PDRCH formats for D2R data and control
· Alt2: D2R control in MAC-CE 
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Alt1
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Fig. 6 D2R control mapping to a physical channel


Alt1 is to transmit the D2R control not in MAC-CE. Alt1a and Alt1b can be based on similar processing structure similar as that of D2R data mapping to PDRCH. Whether Alt1a or Alt1b may be just a naming issue, in our view.
· Alt1a is similar as that of NB-IoT downlink, where NPDCCH is for downlink control and NPDSCH is for downlink data, and they are using different physical channels, where they are still based on similar processing structure (as given in Appendix A.1). 
· Alt1b is similar as that of NB-IoT uplink, where NPUSCH format 1 is for uplink control and NPUSCH format 2 is for uplink data, and they are using the same physical channel NPUSCH, although they use different processing procedures (as given in Appendix A.2). 
In Alt1a/1b, since both D2R control and D2R data are transmitted by individual device, most of processing procedure could be common for D2R control and D2R data. For some D2R control with short message, CRC may not be needed to save the overhead. If CRC is needed, whether D2R control and data has the same CRC length can be further studied.
Alt2 is similar as some commands defined for RFID transmission. In case of no D2R data, only D2R control mapping to MAC-CE are transmitted, which is in the unit of bytes. If the D2R data is transmitted together with D2R control , the D2R symbol length and total data rate for the MAC-CE (D2R control) and D2R data will be indicated by R2D control. 

Proposal 10: For D2R control mapping to a physical channel, RAN1 to consider 
· Alt1: D2R control not in MAC-CE, which can be separate from D2R data
· Alt1a: D2R control in a new D2R physical control channel (e.g., PDRCCH)
· Alt1b: D2R control in PDRCH, e.g., different PDRCH formats for D2R data and control
· Alt2: D2R control in MAC-CE


4. R2D/D2R resource allocation

2.4	Time/frequency resource allocation

The SID objective captures the following [1]:
	A. 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
· 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
B.  FR1 licensed spectrum in FDD.
C. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).



For Topology 1 illustrated in Fig. 7 [4], an A-IoT device bidirectionally communicates with a BS. The BS is the reader to configure the resources for R2D control/data and UL control/data. It is also up to BS to trigger the dynamic transmission of R2D control and schedule R2D/D2R data. The interference coordination and coexistence between legacy DL/UL and R2D/D2R will be handled by BS.  
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(a)　Topology 1				(b) Topology 2

Fig. 7　Topologies for A-IoT study

For Topology 2 illustrated in Fig. 7 [4], A-IoT device communicates bidirectionally with a UE as an intermediate node between the device and BS. The UE is the reader, which is within the coverage of a BS. For in-band and guard-band deployment, for interference coordination and coexistence with legacy DL/UL transmission, the BS is to configure the resources for R2D control/data and D2R control/data for each UE/reader. Since the A-IoT devices may be only seen by the UE/reader, e.g., A-IoT device is out of the BS coverage, it is straightforward to let UE/reader to trigger R2D control and schedule R2D/D2R communications. But the BS may need dynamic control of the resources allocated for the R2D/D2R transmission in some cases. For example, BS may indicate to switch off the resources for R2D/D2R communication because of URLLC DL/UL scheduling with low latency requirements. Also, compared with semi-static configured R2D/D2R resources, the BS dynamic control on the R2D/D2R resources is more flexible to improve resource utilization. 
In dense scenarios, it may not be feasible to configure orthogonal time/frequency resources for each UE/reader. For the UE/reader close to each other, how to solve collision among UEs/readers for a shared resource needs to be further studied. 

Proposal 11: For time/freq resource allocation of A-IoT communications
· For Topology 1: BS configures R2D/D2R time/freq resources for A-IoT
· BS/reader to control dynamic R2D/D2R within the configured time/freq resources.
· For Topology 2: BS semi-statically or dynamically configures the time/freq resources per the UE/reader via Uu, at least for inband/guardband operation.
· UE/reader to trigger R2D/D2R within the configured time/freq resources
· FFS: how to solve collision among UEs/readers for a shared resource


2.5	Power control

For UHF RFID, there is no normative power control for the reader and tags. The device 1 with very low peak power consumption would be similar as tags, which may just use full power and does not need power control. However, for the device 2a/2b with power amplification, the transmission power could be much higher. The full power may be not needed if the A-IoT device is close to the reader. To lower the power can save the energy to extend the on duration of transmission/reception. Also, the power control for device 2a/2b would be useful to reduce the interference. 
If there are a large number of A-IoT devices and UEs/readers within a cell, it may not be feasible/efficient to allocate orthogonal time/frequency resources per UE/reader. For a shared resources, it would be beneficial for BS to configure the transmission power for each UE/reader and control the coverage of distributed UEs/readers and with minimum interference among the R2D/D2R associated with different UEs/readers, as shown in Fig. 8. 
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Fig. 8　Power control for UE/reader coverage in Topology 2

Proposal 12: Study whether/how to apply power control for A-IoT devices and UE/reader.


5. Proximity determination

3.1	Use cases 

Based on the updated SID [1], 
· Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).

The proximity determination to support the reader to identify whether a target A-IoT device is in very close proximity range, e.g., within 10 or 20 centimetres relative to the reader or not. Proximity determination is a function of relative distance between the reader and A-IoT devices, but unlike positioning, it doesn’t target determining the distance, it just makes a binary determination whether the distance is within a few tens of centimetres or not. When the distance is larger than a few tens of centimetres, proximity determination doesn’t attempt to determine whether the distance is 2 metres or 20 metres, for example.  Also, unlike legacy positioning, it does not require high accuracy or advanced trilateration methods (e.g., UL-TDOA, DL-TDOA, etc.). No dedicated RS, such as PRS or SRS for positioning purposes, need to be defined for A-IoT proximity determination or A-IoT positioning. 
The feature can be applicable to all types of devices but it is especially relevant to handheld UE-based readers, or fixed readers placed at certain processing points in a manufacturing chain. As an example, it is a requirement for a handheld reader to be able to identify a particular A-IoT device it is pointed at, even if there are dozens of other A-IoT devices within communication range. As the achievable communication range increases, the relevance of proximity determination also increases. 

Observation 1:
· Useful to consider the proximity determination for a very close distance between a reader and an A-IoT device.
· Unlike positioning, proximity determination does not target determining a distance or location, it just makes a binary determination whether a distance is within a few tens of centimetres or not.

3.2	Feasibility and functionality

 We think simple schemes can be considered for proximity range estimation between the A-IoT devices and a reader with no or minimum impact on RAN4. RAN1 can study the following options:
· Opt1: Response thresholding based on A-IoT device measurement/detection.
· Opt1a: Response based on R2D rx power measurement > threshold of R2D rx power
· Opt1b: Response based on successful detection of R2D > threshold of successful times
· Opt2: Reader measurement/detection
· Opt2a: device indicates the type and amplification factor if used for D2R
· Opt2b: reader indicates the required tx power (after amplification if any) for D2R


For Opt1, the A-IoT device could measure the received power of the R2D control/data transmitted from the reader. The reader can configure a threshold of the received power to trigger the A-IoT response. No RSRP/RSRQ measurement and no measurement reporting is needed from A-IoT devices. Whether to support such A-IoT device rx power measurement may be dependent on the A-IoT device type or capabilities. 
For Opt2, the reader can measure the received power of the D2R control/data transmitted from the A-IoT device. The transmission power impact the received power. In order to correctly estimate the distance, the device type (e.g., whether it is device 1 or 2) and the power amplification factors (if applied for device 2a/2b) may need to be known by the reader. Alternatively, the reader indicates the required tx power (after amplification if any) for D2R to reach the target proximate range.
For both Opt1 and Opt2, lower power for R2D/D2R for proximate range than that of the max coverage, as shown in Fig. 9.
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Fig. 9　Low power for proximity determination

Proposal 12: Study the schemes for proximity determination:
· Opt1: Response thresholding based on A-IoT device measurement/detection.
· Opt1a: Response based on R2D rx power measurement > threshold of R2D rx power
· Opt1b: Response based on successful detection of R2D > threshold of successful times
· Opt2: Reader measurement/detection
· Opt2a: device indicates the type and amplification factor if used for D2R
· Opt2b: reader indicates the required tx power (after amplification if any) for D2R



6. Conclusion

In summary, we have the following observation and proposals for 9.4.2.3:

For R2D/D2R data design 
Proposal 1:
· R2D timing acquisition signal associated with R2D transmission should at least include preamble
· The preamble provides timing related information to receive the R2D transmission, such as OOK symbol/chip length/duration.
· Further study if it is necessary to introduce midamble/postamble in R2D transmission

Proposal 2: For R2D data mapping to PRDCH, the processing structure includes the CRC attachment, scrambling, line code and modulation.

Proposal 3:
· A-IoT device acquires transmission timing, such as square wave frequency/length, symbol/bit rate/length, of D2R transmission, based at least on reader’s instruction, e.g., by R2D control.

Proposal 4:
· D2R timing acquisition by reader should be done at least using D2R preamble
· Discuss if/how much midamble is necessary together with clock error model and D2R waveform

Proposal 5: For D2R data mapping to PDRCH, the processing structure includes the CRC attachment, FEC coding, scrambling, and modulation.

For R2D/D2R control design:
Proposal 6: For R2D control, RAN1 to consider at least the functionality of early indication and scheduling information for R2D and D2R transmission, respectively.

Proposal 7: For R2D control mapping to a physical channel, RAN1 to consider 
· Alt1: R2D control not in MAC-CE, which can be detected separately from R2D data
· Alt1a: R2D control in a new physical R2D control channel (e.g., PRDCCH)
· Alt1b: R2D control in PRDCH, e.g., different PRDCH formats for R2D data and control
· Alt2: R2D control in MAC-CE

Proposal 8: For D2R control, RAN1 to consider at least the functionality of ACK response, NACK response and error code.

Proposal 9: Msg1 for contention-based access can be considered as a special D2R control and map to the physical channel used for D2R control.

Proposal 10: For D2R control mapping to a physical channel, RAN1 to consider 
· Alt1: D2R control not in MAC-CE, which can be separate from D2R data
· Alt1a: D2R control in a new D2R physical control channel (e.g., PDRCCH)
· Alt1b: D2R control in PDRCH, e.g., different PDRCH formats for D2R data and control
· Alt2: D2R control in MAC-CE

For R2D/D2R resource allocation 
Proposal 11: For time/freq resource allocation of A-IoT communications
· For Topology 1: BS configures R2D/D2R time/freq resources for A-IoT
· BS/reader to control dynamic R2D/D2R within the configured time/freq resources.
· For Topology 2: BS semi-statically or dynamically configures the time/freq resources per the UE/reader via Uu, at least for inband/guardband operation.
· UE/reader to trigger R2D/D2R within the configured time/freq resources
· FFS: how to solve collision among UEs/readers for a shared resource

Proposal 12: Study whether/how to apply power control for A-IoT devices and UE/reader.

For proximity determination:
Observation 1:
· Useful to consider the proximity determination for a very close distance between a reader and an A-IoT device.
· Unlike positioning, proximity determination does not target determining a distance or location, it just makes a binary determination whether a distance is within a few tens of centimetres or not.

Proposal 12: Study the schemes for proximity determination:
· Opt1: Response thresholding based on A-IoT device measurement/detection.
· Opt1a: Response based on R2D rx power measurement > threshold of R2D rx power
· Opt1b: Response based on successful detection of R2D > threshold of successful times
· Opt2: Reader measurement/detection
· Opt2a: device indicates the type and amplification factor if used for D2R
· Opt2b: reader indicates the required tx power (after amplification if any) for D2R
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Appendix:
A.1 NB-IoT DL data/control
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A.2 NB-IoT UL data/control
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