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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In Rel-19, a new SID for Ambient IoT was approved in RAN#102 [1]. The objectives of RAN2-led SI are listed as below.
	1. 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. 
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.




In this contribution, we discuss Random access procedure for Ambient IoT.

[bookmark: OLE_LINK46][bookmark: OLE_LINK45][bookmark: _Toc423020280][bookmark: _Ref37339923]Discussion
In the last RAN2 meeting, RAN2 discussed random access of ambient IoT devices and came to some agreement:

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).   


[bookmark: OLE_LINK11]Contention free based random access
[bookmark: OLE_LINK3][bookmark: OLE_LINK7]In the legacy NR UE system, contention free based random access means the network allocates a random access resources for the UE, so that the UE has a dedicated random access resource, not by contention. So for an Ambient IoT device, we already agreed that slotted-ALOHA is the baseline for Ambient IoT device random access, we assume that this is a contention based random access, for contention free based random access, the reader should allocate random access resources. 
[bookmark: OLE_LINK5]Proposal 1: for contention free based random access, the reader allocate the random access resources. 

[bookmark: OLE_LINK8]When the reader decides to send paging likely message to a group of Ambient IoT devices, the reader may or may not know the exact number Ambient IoT devices, so the reader may not be able to allocate random access resources for all the devices, in that sense, it is impossible for the reader to provide contention free random access for the Ambient IoT devices. The reader can only allocate random access resource for the determined device, the random access resource should be allocated device by device. 
Proposal 2: The reader can only allocate random access resource for the determined device, the random access resource should be allocated device by device.  

As RAN2 has already agreed that the slotted-ALOHA is the baseline for random access, we believe that in the same batch of paging, the first round paging message will include a large number of devices. If the reader decides to use contention free based random access, it means that the paging message will include many radio resources for each devices. So we suggest not to use contention free random access in the first round of random access in the same batch of random access. 
And in the 2nd and the rest round of random access of the same batch of random access, as there are not that many devices, if the reader still uses contention based random access, it will turn out that the collision may keeps happening and there always some devices will never get accessed to the reader. So the bast way is in the 2nd round and the rest round of random access, the reader can choose contention free random access. 
Observation 1: it is not feasible for the reader to choose contention free random access in the first round of random access due to the large number of devices in the first round of random access.
Proposal 3: the reader should not use contention free random access in the first round of random access of the same batch of random access. 

Mixed mode for contention free and contention based random access.
In one round of random access, there may be some higher priority devices who need to access the network as soon as possible. On the other hand, the rest of Ambient IoT devices may be lower priority devices and should be access to the reader without guaranteed random access resource. It may be beneficial to consider mixed mode for contention free and contention based random access, as both of these two types of devices can be allowed to the reader in the same round of random access.
Proposal 4: RAN2 is asked to consider Mixed mode for contention free and contention based random access.  

TDM and FDM random access

[bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the last RAN2 meeting, it was agreed slotted-ALOHA based access is studied, which is similar to the RFID inventory procedure. In another word, the radio resource for Ambient IoT device random access is distributed allocated in time domain and in different slot. Basically, this is TDM based random access mechanism, i.e. the Ambient IoT devices respond to the reader one by one, and the reader will process the next Ambient IoT device after the reader completes the process for the previous Ambient IoT device. In legacy NR system, the RACH procedure can be multiplexed in frequency domain which can increase the RACH capacity. 
From the RAN2 point of view, FDM is beneficial as more devices will be allowed to access to the reader simultaneously. However, for Ambient IoT device, whether FDM based random access can be studied or not in RAN2 depending on the RAN1 progress, e.g. whether FDMA can be supported for Ambient IoT D2R transmission.
Proposal 5: RAN2 is asked to agree TDM based random access procedure as the baseline. FDM based random access procedure can be beneficial from RAN2 aspect and wait for RAN1 progress.

Conclusion
In this contribution, we discussed the Ambient IoT device paging issue. Then we have the following observations and proposals:
Observation 1: it is not feasible for the reader to choose contention free random access in the first round of random access due to the large number of devices in the first round of random access.
Proposal 1: for contention free based random access, the reader allocate the random access resources, including the radio resource slot. 
Proposal 2: The reader can only allocate random access resource for the determined device, the random access resource should be allocated device by device.  
Proposal 3: the reader should not use contention free random access in the first round of random access of the same batch of random access. 
Proposal 4: RAN2 is asked to consider Mixed mode for contention free and contention based random access.  
Proposal 5: RAN2 is asked to agree TDM based random access procedure as the baseline. FDM based random access procedure can be beneficial from RAN2 aspect and wait for RAN1 progress.
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