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Introduction
In this document, we provide our views on downlink and uplink channel/signal aspects for Ambient IoT including detailed physical layer design aspects such as information payload, time/frequency domain resource, feasibility and required functionalities for proximity determination, etc.
D2R/R2D Control Information
In LTE/NR, PDSCH and PUSCH are used to carry a transport block i.e. MAC PDU. MAC PDU consists of MAC headers, MAC control elements and MAC SDUs. Similarly, we assume that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU). But, details need to be discussed and defined by RAN2, not RAN1. RAN1 should focus on need for preamble/midamble/postamble and any L1 control information.
Proposal 1: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
RAN1 made some agreements on end of transmission in RAN1#116B as follows:
To determine or derive the end of PRDCH transmission, study at least following options:  

· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       

· Option 2: Based on R2D control information.

For the reader to acquire the end of PDRCH transmission, study at least following options:  

· Option 1: D2R postamble immediately follows the PDRCH

· Option 2: Based on control information

For R2D transmission carrying any known command with a fixed TBS, if a device can know a command ID for the R2D transmission, a device could know TBS and length of PRDCH i.e. end of PRDCH. Thus, we can assume that command ID like in RFID is enough to indicate actual TB size, e.g. if command ID is not part of TB. In addition, postamble can be omitted for a command with a fixed TBS.
Observation 1: For R2D transmission, if Command ID is included in L1 control information and implicitly indicates a known size of a fixed TB, we do not need TBS indication or postamble for the transmission.

Proposal 2: For PRDCH including command with a known fixed TBS, command ID implicitly indicating a known size of a fixed TB is included in L1 control information immediately preceding a TB. In this case, neither TBS indication nor postamble is needed for the PRDCH transmission.
Besides, when D2R transmission occurs in response to R2D transmission, a reader may be able to assume TBS and length of D2R transmission. Particularly, when a command in MSG0 triggers MSG1 with a random number, a reader could assume the known fixed size of D2R transmission e.g. in 16 bits of a random number. We think that postamble can be omitted for any known fixed size of D2R transmission.
Observation 2: For D2R transmission in response to R2D transmission, the reader can assume TBS and length of D2R transmission in some cases, e.g. MSG1 responding to MSG0 in contention-based access. The postamble can be omitted for any known fixed size of D2R transmission to avoid overhead.
Proposal 3: For D2R transmission in response to R2D transmission, a known fixed TBS of D2R transmission without postamble based on a command in R2D transmission is supported.
We assume that there will be some R2D/D2R transmissions of which TBS and end point are not known without any control information or postamble. In this case, either TBS indication or postamble can be a solution. 

Assuming that maximum 1000 bit TBS was proposed in RAN1#116B, if MAC PDU are always octet-aligned, we may need 7-bit control information for indication to one of up to 125 TBS values. Thus, if postamble length is close to 7 bits, there seems no big difference between TBS indication and postamble. 
TBS indication may be beneficial since devices with low power level can know when this transmission will end. It seems also good to avoid unexpected lengthy D2R transmission, so that TBS indication in R2D control information can restrict length of D2R transmission. Based on TBS indication, a device could create a TB of which size is up to the indicated TBS. However, one of drawbacks with TBS indication is overhead with padding for a TB to be octet-aligned. Such overhead seems significant when TB size is small. 
Postamble can be also considered as overhead especially when TB size is small. Besides, a receiver may not know when this transmission will end when we only rely on postamble. In particular, it would be beneficial for gNB and UE readers to know end of transmission as early as possible.
Accordingly, we propose to study the following two options for PRDCH/PDRCH with a variable TBS.

Proposal 4: For PRDCH/PDRCH with a variable TBS, RAN1 studies the following options:
· Option 1: Postamble follows PRDCH transmission without padding.
· Option 2: TBS indication can be included in R2D L1 control information. FFS with/without postamble.
· If actual TBS is equal to one of TBS candidate values, TBS indication indicates the TBS value without padding or postamble.
· FFS if actual TBS is less than one of TBS candidate values. 
PDRCH could be possibly transmitted based on TB-level repetitions. The PDRCH repetitions could be possibly controlled by R2D L1 control information indicating the number of repetitions from a reader. However, a reader could not exactly know when D2R repetitions will end, if an exact size/length of PDRCH is variable and unknown to the reader. Thus, it would be beneficial to consider midamble between consecutive TB repetitions. Based on midamble between them, a reader can exactly detect the boundary between them and subsequent repetition. Besides, based on postamble, a reader can detect end of repetitions.
Proposal 5: For PDRCH with TB repetitions, PDRCH transmission can be repeated with midamble and it ends with postamble. FFS whether PDRCH repetition number is indicated by R2D control information.

In addition to a command ID, it seems good to consider a (temporary) device ID in L1 control information especially when R2D transmission or D2R transmission in response to the R2D transmission targets only one device. A receiver can determine whether to continue to receive subsequent PRDCH transmission by checking the device ID in L1 control information.
Proposal 6: A (temporary) device ID can be included in L1 control information for unicast PRDCH transmission.

We think that if a command ID and/or device ID can be included in R2D L1 control information, devices may be able to know this R2D transmission is for a single device or multiple devices based on the command ID and/or device ID. In this case, we may not need cast-type indication in R2D control information.  
Proposal 7: The cast type i.e. indication to unicast, groupcast or broadcast is not included in R2D control information.
In RFID, a device generates a random number for collision resolution. We think that it is desirable to support a random number for collision resolution in Ambient IoT contention-based access. For example, a device can transmit a random number in MSG1 for contention-based access. Thus, when multiple devices simultaneously try to access to a reader, the reader can resolve collision based on the random number.
As we know, it is the physical layer to attach CRC to a transport block submitted by MAC layer for PDSCH/PUSCH. The same cross-layer operation can be assumed for PRDCH and PDRCH. 
It is not clear whether CRC needs to be attached to a random number for contention-based access. In RFID, CRC-5 is attached to a Query command but CRC is not attached to RN16 (e.g. MSG1 in NR initial access) in reply to the Query command. But, CRC-16 is attached to RN16 for handle (e.g. MSG5 in NR initial access) in reply to the Req_RN command. Thus, if random number is used in contention-based access, RAN1 can further study whether to add CRC to a random number in contention-based access.
Considering that the physical layer attaches CRC to a TB, if CRC is attached to a random number, MAC can generate a random number which can be part of TB. If CRC is not attached to a random number, the physical layer can generate a random number at least for an initial D2R transmission in contention-based access, i.e. the random number is not part of TB in PDRCH. Or, even without CRC, MAC can generate a random number as part of TB but L1 can skip adding CRC e.g. for the initial D2R transmission in contention-based access.

If the random number is not part of TB in PDRCH and an initial D2R transmission i.e. MSG1 only carries the random number as in RFID, MSG1 does not have TB to be transmitted. If it is the case, MSG1 can be similar to PRACH. But, if we do not want other D2R channel than PDRCH, the random number can be part of TB but L1 does not add CRC to the initial D2R transmission.

Proposal 8: Random number can be used in contention-based access for collision resolution. Study whether to add CRC to a random number in contention-based access.
Frame structure
D2R (i.e., device to reader)

In RAN1 #116 meeting, it was agreed to study that D2R preamble is included in time domain frame structure of D2R transmission. But, in some cases (e.g., FEC (Forward Error Correction) is used for D2R), using only preamble can be difficult to maintain time synchronization for the D2R. Therefore, a midamble can be considered in time domain frame structure of D2R transmission in order to assist SFO tracking (or to assist channel estimation). Furthermore, if both preamble and midamble are included in D2R frame structure, it is necessary to study how to distinguish between preamble and midamble from reader perspective using different sequence types, different lengths, and/or different values.

On the other hand, in order to indicate the end of D2R transmission, a postamble may be additionally considered in time domain frame structure of D2R transmission. It is possible to design a postamble similar to using dummy1, which is used to indicate the end of UL transmission in RFID. In this case, it would be desirable to design the postamble to be distinguished from the aforementioned preamble and/or midamble.

Proposal 9: If midamble and/or postamble are additionally included in time domain frame structure of D2R transmission, it can be further studied to define each of preamble, midamble, and postamble to be distinguished from each other.
In addition, RAN1 can also study how to determine chip duration of D2R transmission. For example, RAN1 can discuss how to determine chip durations of preamble and PDRCH.
Proposal 10: RAN1 studies how to determine chip duration of D2R transmission e.g. preamble and PDRCH.
R2D (i.e., reader to device)

In RAN1 #116 meeting, it was agreed to study that R2D preamble is included in time domain frame structure of R2D transmission. However, in the previous meeting, line coding schemes were considered for R2D transmission, and if the line coding schemes are used for R2D transmission, the clock information may be included in that transmission. Therefore, it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.

Observation 3: The clock information may be included in the R2D transmission with line coding, so it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.
We think that it is beneficial to define R2D L1 control information between preamble and a transport block. As we discussed above, R2D L1 control information can indicate a command ID e.g. for a known TBS or length of R2D transmission and indicate a TBS for an unknown variable TBS or length of R2D transmission. Considering L2 control information possibly generated by MAC seems a part of a transport block, we think that TBS or length of TB transmission can be known by information outside a transport block, i.e. L1 control information. 
If there is R2D L1 control information between preamble and a transport block, RAN1 can study whether R2D L1 control information is part of premable or PRDCH. In addition, RAN1 can further study chip duration of R2D L1 control information is same as that of preamble or PRDCH, if durations of preamble and PRDCH are different.

Proposal 11: Study the following alternatives for R2D L1 control information:
· Alt 1: L1 control information is in the end of premable as part of R2D preamble
· L1 control info chip duration can be same as premable chip duration
· Alt 2: L1 control information is in the beginning of PRDCH as part of PRDCH.
· L1 control info chip duration can be same as PRDCH chip duration

Time/Frequency domain resource
It is natural to support time/frequency domain resources for Ambient IoT. One or more multiple frequency channels can be configured for the readers such as gNBs and/or intermediate nodes (IN). Multiple channels can be configured to alleviate interference and collision among different readers and multiple devices accessing to a reader. Inter-gNB interference can be alleviated by allocation of different channels to different gNBs. gNB can also reduce inter-IN interference by allocating different channels to different INs. 
Proposal 12: Study the following cases for frequency domain resource allocation:

· Multiple channels for a single cell/gNB

· Multiple channels for different INs under a single cell/gNB

· Multiple channels for different cells/gNBs 
Multiple channels seem not needed to be always contiguous. It seems beneficial to support incontiguous multiple channels for easy deployment of multiple channels. e.g. on spectrum deployment in-band to NR considering NR internal frequency resource allocation.
Proposal 13: Study both contiguous and incontiguous frequency channel deployment.
It will be beneficial to support inter-gNB information exchange for frequency channel coordination among gNBs. For example, if inter-gNB information exchange is supported, adjacent gNBs can avoid interference and collision on the same channel allocation. Adjacent gNBs may allocate different channels based on based on inter-gNB information exchange.
Proposal 14: Study frequency channel coordination among gNBs/INs

Like sidelink resource pools, RAN1 can support time domain resource pools for TX/RX of gNB and UEs functioning as IN. Different gNBs can better coordinate time domain resources on a same channel. gNB can also reduce collision and interference among different UEs functioning as IN in topology 2. Besides, gNB can alleviate collision between Uu DL/UL and R2D /D2R.
In addition, considering backscattering, we can study a time domain resource pool for both R2D and D2R. The time domain resource pool can also include CW transmission resource, especially when gNB or IN is a CW source.

Proposal 15: Study a time domain resource pool for TX and/or RX of gNB and IN.
As we support in LTE and NR, RAN1 can study dynamic resource allocation and semi-static resource allocation for gNB and IN. For example, when gNB or IN performs one-shot transmission e.g. for data exchange with a single device, dynamic resource allocation is beneficial. But, when gNB or IN performs periodic transmission e.g. for Inventory round, semi-static resource allocation seems beneficial. Thus, we propose to study both dynamic resource allocation and semi-static resource allocation for gNB and IN.
Proposal 16: Study both dynamic resource allocation and semi-static resource allocation for gNB and IN.
R2D transmissions from gNB or IN may or may not require backscattering. TX only resource can be allocated for R2D transmissions without backscattering. But, when R2D transmission is followed by D2R with backscattering, TX/RX resource with CW transmission opportunity can be allocated for R2D transmissions with backscattering.
Proposal 17: Study the following resource types for R2D and D2R:

· TX only resource (used for R2D)
· TX/RX resource with or without CW transmission (used for D2R)
Proximity determination
Study on the feasibility and required functionalities for proximity determination is part of the SI objectives. If proximity determination is used for the reader to determine device(s) in proximity, there seem two cases that RAN1 can consider in this study: 
· Case 1: The TX or RXreader (gNB or IN) determines proximity of one or more identified devices
· Case 2: The TX or RX reader (gNB or IN) determines proximity of one or more unidentified devices

In the first case, it is assumed that the reader has identified a specific device and may also have performed data exchange with the device before. For some reasons, the reader may want to check if the identified device is still in proximity of the reader since the device can move any time without any notification to the reader. The reader may perform this process for responses from multiple identified devices e.g. a specific group of identified devices. Multiple channels can be considered for multiple responses in a timely response time.
In the second case, it is assumed that the reader did not identify any device in proximity. It is not clear whether the reader needs to perform CW transmission or any R2D information transmission towards devices not identified yet. gNBs or UEs functioning as IN may need proximity determination of unidentified devices for battery saving.
Proposal 18: Study the following cases for Proximity determination
· Case 1: The TX or RX reader (gNB or IN) determines proximity of one or more identified devices
· Case 2: The TX or RX reader (gNB or IN) determines proximity of one or more non-identified devices

RAN1 agreed that proximity determination based on device side measurements is not considered. RAN1 also discussed the following proposal without conclusion in RAN1#116bis to determine whether the device is near the reader or not:
· Option 1: If reader receives response from the device, then device is determined as near

· Option 2: Device is determined to be near the reader based on measurements

Regarding option 1, RAN1 can first discuss when the reader determines that a response from the device is received. If PDRCH is transmitted with CRC, the reader may determine the reception based on CRC check result. Or, the reader may determine the reception based on detection of D2R premable from the device. 
RAN1 can also discuss the scenarios of proximity determination e.g. when the reader performs proximity determination. For example, the reader may determine whether device is near or not when the reader accepts a non-inventoried device in contention-based access during inventory process, or when the reader wants to check whether a certain inventoried device is still near the reader or not. 
RAN1 can also discuss whether proximity determination is based on one shot measurement result or averaging multiple measurements, especially for option 2, in addition to measurement details e.g. which signal will be measured. 
For procedural perspective, RAN1 can also discuss whether to support D2R transmission specific to proximity determination is supported or not and whether to measure D2R transmission not specific to proximity determination.
Accordingly, we propose that RAN1 study the following issues for proximity determination by readers:

Proposal 19: Study the following issues to determine which option is used for proximity determination by reader:
· how to determine successful reception for proximity determination
· whether to consider identified devices and non-identified devices for proximity determination
· whether to support one-shot reception based determination or average reception quality based determination.
· which sequence/signal is used for D2R measurement
· whether proximity determination procedure is known to devices e.g. whether to support measurement-specific D2R transmission e.g. without a TB.
Topology 2 specific issues

In Topology 2, it is not clear whether UEs functioning as IN can generate a complete payload of R2D information for every procedural step. For example, if a UE inventories devices in proximity as IN, it is not clear whether or not the UE triggers inventory round by their own decision and generates a complete payload of R2D information for this step. 
Besides, it is not clear whether UEs functioning as IN can allocate TX/RX resources for IoT devices or gNB allocate TX/RX resources to INs. We assume that gNB can allocate TX/RX resources to IN because gNB controls NR resources e.g. especially in case of spectrum deployment in-band to NR
Accordingly, we propose to study functional split between gNB and IN in topology 2 e.g. which functions gNB or IN performs for IoT devices.

Proposal 20: Study functional split between gNB and IN

In NR sidelink, gNB allocates resource pools where a UE can select a TX resource in the pool or gNB can dynamically allocate a resource to a UE. We think that similar resource allocation mechanisms can be considered for Ambient IoT topology 2.
Like in SL mode 1, gNB can use DCI to dynamically allocate R2D resources with or without backscattering. In addition, like in SL mode 2, UEs functioning as IN can perform IN autonomous resource allocation on a resource pool for R2D resources with or without backscattering.
Proposal 21: Study DCI based resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 1
Proposal 22: Study IN autonomous resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 2

It seems assumed during the previous discussion that UEs functioning as an IN in topology 2 are in RRC_CONNECTED while UE in topology 4 can be in RRC_IDLE/INACTIVE. Considering different UE operation in RRC_CONNECTED and RRC_IDLE/INACTIVE, it will be easy to support only connected UEs functioning as IN.
Proposal 23: Agree that UEs functioning as IN should be in RRC_CONNECTED.

Conclusion
In conclusion, we propose that RAN1 agree to study the following proposals:
Proposal 1: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
Observation 1: For R2D transmission, if Command ID is included in L1 control information and implicitly indicates a known size of a fixed TB, we do not need TBS indication or postamble for the transmission.

Proposal 2: For PRDCH including command with a known fixed TBS, command ID implicitly indicating a known size of a fixed TB is included in L1 control information immediately preceding a TB. In this case, neither TBS indication nor postamble is needed for the PRDCH transmission.
Observation 2: For D2R transmission in response to R2D transmission, the reader can assume TBS and length of D2R transmission in some cases, e.g. MSG1 responding to MSG0 in contention-based access. The postamble can be omitted for any known fixed size of D2R transmission to avoid overhead.
Proposal 3: For D2R transmission in response to R2D transmission, a known fixed TBS of D2R transmission without postamble based on a command in R2D transmission is supported.
Proposal 4: For PRDCH/PDRCH with a variable TBS, RAN1 studies the following options:
· Option 1: Postamble follows PRDCH transmission without padding.
· Option 2: TBS indication can be included in R2D L1 control information. FFS with/without postamble.
· If actual TBS is equal to one of TBS candidate values, TBS indication indicates the TBS value without padding or postamble.
· FFS if actual TBS is less than one of TBS candidate values. 
Proposal 5: For PDRCH with TB repetitions, PDRCH transmission can be repeated with midamble and it ends with postamble. FFS whether PDRCH repetition number is indicated by R2D control information.

Proposal 6: A (temporary) device ID can be included in L1 control information for unicast PRDCH transmission.

Proposal 7: The cast type i.e. indication to unicast, groupcast or broadcast is not included in R2D control information.
Proposal 8: Random number can be used in contention-based access for collision resolution. Study whether to add CRC to a random number in contention-based access.
Proposal 9: If midamble and/or postamble are additionally included in time domain frame structure of D2R transmission, it can be further studied to define each of preamble, midamble, and postamble to be distinguished from each other.
Proposal 10: RAN1 studies how to determine chip duration of D2R transmission e.g. preamble and PDRCH.
Observation 3: The clock information may be included in the R2D transmission with line coding, so it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.
Proposal 11: Study the following alternatives for R2D L1 control information:
· Alt 1: L1 control information is in the end of premable as part of R2D preamble
· L1 control info chip duration can be same as premable chip duration
· Alt 2: L1 control information is in the beginning of PRDCH as part of PRDCH.
· L1 control info chip duration can be same as PRDCH chip duration

Proposal 12: Study the following cases for frequency domain resource allocation:

· Multiple channels for a single cell/gNB

· Multiple channels for different INs under a single cell/gNB

· Multiple channels for different cells/gNBs 
Proposal 13: Study both contiguous and incontiguous frequency channel deployment.

Proposal 14: Study frequency channel coordination among gNBs/INs

Proposal 15: Study a time domain resource pool for TX and/or RX of gNB and IN.

Proposal 16: Study both dynamic resource allocation and semi-static resource allocation for gNB and IN.

Proposal 17: Study the following resource types for R2D and D2R:

· TX only resource (used for R2D)
· TX/RX resource with or without CW transmission (used for D2R)
Proposal 18: Study the following cases for Proximity determination
· Case 1: The TX or RX reader (gNB or IN) determines proximity of one or more identified devices

· Case 2: The TX or RX reader (gNB or IN) determines proximity of one or more non-identified devices

Proposal 19: Study the following issues to determine which option is used for proximity determination by reader:
· how to determine successful reception for proximity determination
· whether to consider identified devices and non-identified devices for proximity determination
· whether to support one-shot reception based determination or average reception quality based determination.
· which sequence/signal is used for D2R measurement
· whether proximity determination procedure is known to devices e.g. whether to support measurement-specific D2R transmission e.g. without a TB.
Proposal 20: Study functional split between gNB and IN

Proposal 21: Study DCI based resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 1

Proposal 22: Study IN autonomous resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 2

Proposal 23: Agree that UEs functioning as IN should be in RRC_CONNECTED.[image: image1.png]
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