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1. Introduction
In R19, a new SI Ambient IoT (Internet of Things) in NR is setup.

In RAN2#125bis meeting, RAN2 reached following agreements on Slotted-ALOHA access.
Agreement

1 RAN2 confirms slotted-ALOHA is the baseline for Ambient IoT random access 

2 We will study the support for access triggering for a single device, group of devices, or all devices.    RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions. 

3 Random Access is triggered by the reader 
4 Reader provides the information that the device needs to respond to the random access trigger.  FFS what those parameters are

5 Study the solution and benefits of both 2-step like random access procedure and 4-step like random access procedure.  FFS the details on each procedure and how we call it.  

6 Handling of contention resolution failure and access failure at the device will be studied in RAN2, including failure detection and re-access.  FFS details

7 For the very first access message from the device to reader in random access an ID is included.  RAN2 to discuss whether a temporary identifier is included, or the permanent device ID is included (considering other WGs input as well).   

In this paper, we will discuss the details of contention-based Slotted-ALOHA access and contention-free Slotted-ALOHA access.
2. Discussion
Issue 1: General proposals for Slotted-ALOHA access procedure
In RAN2#125bis meeting, RAN2 agreed that “We will study the support for access triggering for a single device, group of devices, or all devices.”
The typical case for Slotted-ALOHA access is that a response is expected from multiple devices. The tag will access the network based on its own “slot” with contention.

If the target ambient IOT device is only one and this is special case, i.e., there is only one slot in Slotted-ALOHA access. If the access trigger is for a single device or a group of devices, we assume this case is for single EPC or EPC list trigger. We assume this is for contention free access case. 
So, the Slotted-ALOHA access procedure for multiple devices case and only devices identified by EPC should be common as much as possible. 

Proposal 1: RAN2 is kindly asked to confirm the agreement: 

· access triggering for a single device, group of devices means the triggered devices are identified by one EPC or EPC list in initial trigger message. It will trigger CF access. 
· access triggering for group of devices or all devices means the triggered devices are identified by MASK or “all” indication in initial trigger message. FFS for MASK. It will trigger CB access. 
Proposal 2: Slotted-ALOHA access procedure for multiple devices case (i.e., CB access) and one or a group of devices case (i.e., CF access) should be common as much as possible. 

In FRID, Slotted-ALOHA access is used in inventory procedure. The command procedure is as below.


[image: image1.emf]RN16

ACK with RN16

EPC,RN16

Req_RN with RN16

Tag Reader

Query 

Indicates Q

Generate one random value 

based on Q. Store it as slot-

counter. Store it as RN16

If slot-counter = 0000h?

Handle 

QueryRep like

QueryRep like

ĂĂ

slot-counter decrement by 1

Access command procedure with handle

Select


Step 1: Reader sends Query to tags to indicate Q value.

Step 2: The tag will generate random value based on Q and store this random value in slot-counter, if the slot-counter is 0000h, then the tag will response reader immediately.

Step 3: If the slot-counter is not 0000h, the slot-counter will be decreased by one once the QueryRep is received. If the slot-counter is 0000h, then the tag will response reader.

Step 4: The tag will response RN16 generated based on Q before.

Step 5: The reader will response ACK addressed by RN16 in step 4.

Step 6: The tag will response reader with EPC and RN16 in step 4.

Step 7: The reader will response Req_RN message addressed by RN16 in step 4.

Step 8: The tag will response new RN16 as handle addressed by RN16 in step 4. Then the tag and reader can exchange the access command addressed by handle.

In RFID, the tag will generate one random value based on network configured Q and the tag will decrease the slot-counter (i.e., random value based on Q) by one upon receiving QueryRep. It will result in lots of QueryRep reception for one tag if the slot-counter of this tag is big enough. The tag may also miss the QueryRep and fail to decrease the slot-Counter and the slot will be fallback to next slot. For ambient IOT, the R2D command-based slot definition should be supported. For one ambient IOT device, how to find its own slot should be studied and slot-counter decrement mechanism has some drawbacks as discussed before. 

According to the procedure of Slotted-ALOHA access in RFID and RAN1/2 agreed that Slotted-ALOHA access is baseline. So the below figure summaries the steps for Slotted-ALOHA access for ambient IOT. 
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Proposal 3a: The Slotted-ALOHA access procedure for ambient IOT includes the flowing 3 steps:

· Step 1: Trigger the device select its own slot, e.g., generate RN value based on the network configured Q.

· Step 2: Make the device enter its own slot.
· Step 3: Device and network handshake successful, i.e., CB access or CF access. 
Proposal 3b: (step 1) The ambient IOT device will generate random value based on reader configured Q as RFID and the random value is the slot index in Slotted-ALOHA access procedure. 
Proposal 3c: (Step 1) R2D command-based slot definition in Slotted-ALOHA access is supported, i.e, the tag considers the beginning of a new slot based on R2D command reception. FFS The mechanism for the device to enter its own slot.
In RFID, the tag will generate one random value based on network configured Q and the tag will decrease the slot-counter (i.e., random value based on Q) by one upon receiving QueryRep. It will result in lots of QueryRep reception for one tag if the slot-counter of this tag is big enough. It will waste more power of the device to receive the so many QueryRep only for maintaining the slot-counter. The tag may also miss the QueryRep and fail to decrease the slot-Counter and the slot will be fallback to next slot. If the tag enters its slot, i.e., the slot-counter is decreased to 0000h, and if the tag failed to access, the slot-counter will be changed to 7FFFh and the tag will have no chance to access the network until the tag receive QueryAdjust message with new Q.
Based on discussion above, the tag enters its own slot by decreasing the slot-counter upon receive QueryRep command should be not supported in ambient IOT. 

Proposal 3d: (step 2) The tag enters its own slot by decreasing the slot-counter upon receive QueryRep command like RFID should be not supported in ambient IOT.
Proposal 4: (step 2) The device power saving/efficiency during access should be studied.
Proposal 5: (step 2) More than one access trigger should be allowed for devices in one slot to reduce the delay and improve reliability.
Issue 2: [Step 3] Contention-based Slotted-ALOHA access - 2 Step VS 4 Step 
In RAN1#116bis meeting, RAN1 agreed to study time-domain multiple access of D2R transmissions and frequency-domain multiple access of D2R transmissions.
	Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.


Considering the massive devices in the ambient IOT system in future, more than one device communicating with reader in one slot should be allowed to improve efficiency compared with RFID.
Proposal 6: Multiple access of D2R transmissions with a reader in one slot should be allowed to improve efficiency compared with RFID. 

In RAN2#125bis meeting, RAN2 agreed to study both 2-step like random access procedure and 4-step like random access procedure.
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In 2 step like access procedure, we assume the TDM/FDM resource was configured before. In one slot, more than one tag will access the network via different TDM/FDM resource. So the RN16 in MSG1 for tags accessing in one slot should be different as much as possible. There are 2 options for 2 step CB access in ambient IOT.
Option 1: The tag will send EPC in MSG1 and the EPC will be sent back in MSG2 for contention resolution confirmation. The reader configures one temporary id to address this tag for further one to one communication.
Option 2: The tag will send RN16 and EPC in MSG1 and at least EPC will be sent back in MSG2 for contention resolution confirmation. The RN16 can be used to address this tag or the reader configures one temporary id to address this tag for further one to one communication.
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In 4 step like access procedure, The TDM/FDM resource was configured before RACH procedure or configured in MSG2 like NR. In one slot, more than one tag will access the network via different TDM/FDM resource. So the RN16 in MSG1 for tags accessing in one slot should be different as much as possible.

There are 4 options for 4 step CB access in ambient IOT.

Option 1: The TDM/FDM resource was configured before RACH procedure. The tag sends RN16 in MSG1 and receives ACK from reader in MSG2, then tag send EPC and RN16 in MSG3. at least EPC will be sent back in MSG4 for contention resolution confirmation. The RN16 can be used to address this tag or the reader configures one temporary id to address this tag for further one to one communication.

Option 2: The TDM/FDM resource was configured before RACH procedure. The tag sends RN16 in MSG1 and receives ACK from reader in MSG2, then tag send EPC in MSG3. EPC will be sent back in MSG4 for contention resolution confirmation. The reader configures one temporary id to address this tag for further one to one communication.
Option 3: The TDM/FDM resource was configured MSG2. The tag sends RN16 in MSG1 and receives ACK with RN16 and TDM/FDM resource from reader in MSG2, then tag send EPC and RN16’ in MSG3. at least EPC will be sent back in MSG4 for contention resolution confirmation. The RN16’ can be used to address this tag or the reader configures one temporary id to address this tag for further one to one communication.
Option 4: The TDM/FDM resource was configured MSG2. The tag sends RN16 in MSG1 and receives ACK with RN16 and TDM/FDM resource from reader in MSG2, then tag send EPC in MSG3. EPC will be sent back in MSG4 for contention resolution confirmation. The reader configures one temporary id to address this tag for further one to one communication.

In 4 step like access procedure, more than one tags may send same RN16 and receive same ACK with this RN16. So the contention resolution will be confirmed only by EPC. So anyway, the EPC is contention resolution information no matter for 2 step like access procedure or 4 step like access procedure. Furthermore, the EPC is also f used or the reader to identify the tag and then perform operations (e.g., write and read) for the concerned tag. In option 1/2 of 4 step like access procedure, we cannot see the key point/benefit to send MSG1 and MSG2. If TDM/FDM resource is configured before RACH procedure, we think the 2 step like access procedure is enough. In option 3/4 of 4 step like access procedure, it is not necessary for tags in one slot with same RN value to send MSG1 only for TDM/FDM resource configuration. Actually, only one tag in this slot send MSG1 is enough for the TDM/FDM resource configuration and it is better to configure the TDM/FDM resource via broadcast signalling before RACH procedure.
In 2 step like access procedure, the RN16 can be used for tag to identify whether the response message is for itself or not quickly. We are open to option 1/2.
Proposal 7: At least Q and TDM/FDM resource should be configured before performing CB access procedure. The details for TDM/FDM resource are FFS and up to RAN1.

Proposal 8a: 2 step like procedure is supported for contention-based access.
Proposal 8b: option 2 in 2 step like procedure is baseline, i.e., the MSG1 will includes EPC and RN16, the MSG2 will include EPC and RN16.

Based on RAN1 agreements, more than one tags will access the network in one slot and these tags has the same RN value generated based on network configured Q. These tags will choose different TDM/FDM resource to initial the access procedure. In NR, the UE will have different RA-RNTI if the RO is different. In order to differentiate the tags with same RN value in one slot, the RN16 in MSG1 should be calculated based on TDM/FDM resource chosen by tag for MSG1 transmission.

Proposal 9: The RN16 in MSG1 will be calculated based on network configured Q and TDM/FDM resource for MSG1 transmission.

In RFID, there is only one tag communicating with reader at one slot. The tags will response the network one by one according to each slot based on random value generated based on Q. So the inventory efficiency is very low due to the one-by-one response mechanism. If there are two tags in one slot, the two tag may failed to response the reader, and its slot-counter will be changed from 0000h to 7FFFh. The failed tag will wait for QueryAdjust command to generate new random value based on new Q indicated in QueryAdjust command. There is no more chance for the failed tags. So more than one access chance should be allowed for tags in one slot.

In RFID, the new RN16(handle) will not collide with other tags during communication because there is only one tag communicating with reader at one slot. However, it results in low efficiency. So considering the massive devices in the ambient IOT system in future, more than one devices communicating with reader in one slot should be allowed to improve efficiency. 

Proposal 10: The network configured RN16’ to address a device during communication is supported. 

The DT and DO-DTT will be supported and the transmission will be triggered by reader first. After the contention resolution confirmation, the network will not know whether the tag receives the contention resolution confirmation or not, so the network will not know whether to trigger the next transmission or not. So the tag confirms the handle (i.e., RN16’ to address tag for next one to one communication) is needed. 
Proposal 11: RAN2 is kindly asked to discuss whether the tag confirmation for handle (RN16’) is need after contention resolution at least for DT and DO-DTT.
Issue 3: [Step 3] Contention-free Slotted-ALOHA access
In RAN2#125bis meeting, RAN2 agreed that RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions. The key point of contention-free access is there is no collision of RN16 for the access and followed communication. So the target tag is confirmed from both tag and reader perspective. So the contention-free access is defined as the reader will required the tags identified by EPC in initial trigger message to access the network.

Proposal 12: Contention-free access is defined as the reader will trigger the tags to access with EPC(s) in initial trigger message to access the network.
Proposal 13: the network can trigger more than one tags in the followed contention-free access.

[image: image5.emf]EPC, RN16 

ACK（EPC, RN16 and/or RN16'）

Tag Reader

Access command procedure with handle

DL command: Paging (EPC1, EPC2Ă)

Slot 1:

EPC 1

Access command procedure with handle

Slot 2:

EPC 2

Option a

Option b

Tag Reader

Access command procedure with handle

DL command: Paging (EPC1, EPC2Ă)

Slot 1:

EPC 1,

EPC2

Access command procedure with handle

EPC, RN16 

ACK（EPC, RN16 and/or RN16'）

Confirm RN16 or RN16' as handle

Confirm RN16 or RN16' as handle

EPC, RN16 

ACK（EPC, RN16 and/or RN16'）

Confirm RN16 or RN16' as handle

EPC, RN16 

ACK（EPC, RN16 and/or RN16'）

Confirm RN16 or RN16' as handle


In contention-free access, e.g., there are two tags in initial trigger message, e.g., EPC1 and EPC2. There are two options for tags in access.

Option a: The concerned tags will access the network in different slot one by one according the order in EPC list.
Option b: The concerned tags will access the network in one slot one.
According to RAN1 agreements, the TDM/FDM resource will be used for initial access and the concerned tags can access the network on different TDM/FDM resource in one slot and if the different RN value for each concerned is ensured by the network. Then the contention-free access can be ensured. 

For option a, it also works, but the network will send command to indicates the slot and the contention-free access can also be ensured.

The procedure of Option b is more common than option a compared with contention-based access procedure. We should design common procedure as much as possible, so option a is preferred.

Proposal 14: In contention-free access, the concerned tags identified by EPC in initial trigger message will perform access procedure in one slot.

The next key issue is how to specified the different RN value for each concerned tag. Some companies may also think the TDM/FDM resource should also be unique during CF access. We think it is not necessary if unique RN16 is ensured. But we are fine for the network to configure unique TDM/FDM resource for each EPC if more than one tags are triggered in CF access.
Option 1: The index in EPC list is the RN value of each tag.

Option 2: the network will configure the RN value for each tag in EPC list in initial trigger message.
Proposal 15a: The network will configure the RN value for each tag in EPC list in initial trigger message.
Proposal 15b: The network can configure the TDM/FDM resource index for each tag in EPC list in initial trigger message.
Issue 4: [Step 3] Collision/failure evaluation for Slotted-ALOHA access

This part should be discussed when RAN2 decide the details procedure. 

In 2 step like access, after tag sending MSG1 including EPC and RN16, the tag may:
Option 1: no response including EPC is received within a time period from reader, the tag will consider the access failed.

In 4 step like access procedure, after tag sending MSG1 including RN16, the tag may:

Option 1: no response including RN16 is received within a time period from reader, the tag will consider the access failed.
If MSG2 including RN16 is received, then tag can continue access in MSG3. The tag sends MSG3 including EPC and RN16, the tag may:

Option 1: no response including EPC is received within a time period from reader, the tag will consider the access failed.
Proposal 16:
· In 2 step like access, no response including EPC is received within a time period from reader, the tag will consider the access failed.
· In 4 step like access, no response including RN16 is received within a time period from reader after sending MSG1, the tag will consider the access failed.

· In 4 step like access, no response including EPC is received within a time period from reader after sending MSG3, the tag will consider the access failed.
3. Conclusions

Based on the above discussion, we propose following proposals:
General part for Slotted-ALOHA access:
Proposal 1: RAN2 is kindly asked to confirm the agreement: 

· access triggering for a single device, group of devices means the triggered devices are identified by one EPC or EPC list in initial trigger message. It will trigger CF access. 

· access triggering for group of devices or all devices means the triggered devices are identified by MASK or “all” indication in initial trigger message. FFS for MASK. It will trigger CB access. 
Proposal 2: Slotted-ALOHA access procedure for multiple devices case (i.e., CB access) and one or a group of devices case (i.e., CF access) should be common as much as possible. 

Proposal 3a: The Slotted-ALOHA access procedure for ambient IOT includes the flowing 3 steps:

· Step 1: Trigger the device select its own slot, e.g., generate RN value based on the network configured Q.

· Step 2: Make the device enter its own slot.
· Step 3: Device and network handshake successful, i.e., CB access or CF access. 
Proposal 3b: (step 1) The ambient IOT device will generate random value based on reader configured Q as RFID and the random value is the slot index in Slotted-ALOHA access procedure. 
Proposal 3c: (Step 1) R2D command-based slot definition in Slotted-ALOHA access is supported, i.e, the tag considers the beginning of a new slot based on R2D command reception. FFS The mechanism for the device to enter its own slot.
Proposal 3d: (step 2) The tag enters its own slot by decreasing the slot-counter upon receive QueryRep command like RFID should be not supported in ambient IOT.
Proposal 4: (step 2) The device power saving/efficiency during access should be studied.
Proposal 5: (step 2) More than one access trigger should be allowed for devices in one slot to reduce the delay and improve reliability.
CB based 2 Step VS 4 Step like access:
Proposal 6: Multiple access of D2R transmissions with a reader in one slot should be allowed to improve efficiency compared with RFID. 

Proposal 7: At least Q and TDM/FDM resource should be configured before performing CB access procedure. The details for TDM/FDM resource are FFS and up to RAN1.

Proposal 8a: 2 step like procedure is supported for contention-based access.
Proposal 8b: option 2 in 2 step like procedure is baseline, i.e., the MSG1 will includes EPC and RN16, the MSG2 will include EPC and RN16.

Proposal 9: The RN16 in MSG1 will be calculated based on network configured Q and TDM/FDM resource for MSG1 transmission.

Proposal 10: The network configured RN16’ to address a device during communication is supported. 

Proposal 11: RAN2 is kindly asked to discuss whether the tag confirmation for handle (RN16’) is need after contention resolution at least for DT and DO-DTT.
CF based access:
Proposal 12: Contention-free access is defined as the reader will trigger the tags to access with EPC(s) in initial trigger message to access the network.
Proposal 13: the network can trigger more than one tags in the followed contention-free access.
Proposal 14: In contention-free access, the concerned tags identified by EPC in initial trigger message will perform access procedure in one slot.

Proposal 15a: The network will configure the RN value for each tag in EPC list in initial trigger message.
Proposal 15b: The network can configure the TDM/FDM resource index for each tag in EPC list in initial trigger message.
Collision/failure evaluation for Slotted-ALOHA access

Proposal 16:

· In 2 step like access, no response including EPC is received within a time period from reader, the tag will consider the access failed.

· In 4 step like access, no response including RN16 is received within a time period from reader after sending MSG1, the tag will consider the access failed.

· In 4 step like access, no response including EPC is received within a time period from reader after sending MSG3, the tag will consider the access failed.
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