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1. Introduction
In RAN2#121 meeting [1], RAN2 handled the conclusions of the following email discussions:
· [Post120][053][AIML18] model transfer delivery [2]
· [AT121][027] model transfer delivery [3]
RAN2 agreed to analyse the feasibility and benefits of the different model transfer/delivery solutions (i.e. Solution 1a, Solution 2a, Solution 3a, Solution 1b, Solution 2b, Solution 3b, and Solution 4) [1].   
In this contribution, we discuss aspects related to Solution 1a, Solution 1b, and Solution 2b, for AI/ML model transfer/delivery.
2. Discussion
In RAN2#121 meeting, RAN2 discussed the report of “[Post120][053][AIML 18] model transfer delivery “ [2], and agreed the following solutions for model transfer/delivery [1]:
	Agreed: 
Aim to at least analyze the feasibility and benefits of model/transfer solutions based on the following:
Solution 1a: gNB can transfer/deliver AI/ML model(s) to UE via RRC signalling.
Solution 2a: CN (except LMF) can transfer/deliver AI/ML model(s) to UE via NAS signalling.
Solution 3a: LMF can transfer/deliver AI/ML model(s) to UE via LPP signalling.
Solution 1b: gNB can transfer/deliver AI/ML model(s) to UE via UP data.
Solution 2b: CN (except LMF) can transfer/deliver AI/ML model(s) to UE via UP data.
Solution 3b: LMF can transfer/deliver AI/ML model(s) to UE via UP data.
Solution 4: Server (e.g. OAM, OTT) can transfer/delivery AI/ML model(s) to UE (e.g. transparent to 3GPP). 




Moreover, RAN2 also handled the report of “Offline 027 model transfer delivery” and concluded that the Table proposed in [3], on Pros/Cons of the different solutions, can be used as starting point for discussion on selection of suitable solution for AI/ML model transfer/delivery [1]:
	The table can serve as starting point for continued discussion (but contains some parts that seems non consensus, e.g. delta configuration). 




In the following we discuss some aspects related to Solution 1a, Solution 1b, and Solution 2b, for AI/ML model transfer/delivery.

2.1 Solution 1a (model transfer/delivery via RRC signalling)
According to [3], the following are the pros/cons of Solution 1a: 
	
	Pros
	Cons

	Solution 1a
	6. The existing RRC signaling solutions can be reused as baseline, at least including delta signaling and segementation
9. Additional security and verification may not be necessary as the UE already established security before the transfer is initiated
11. gNB can take the control of the AIML model transfer itself, which can not be achieved by traditional UP based solution


	1. Face challenges to convey large size or “no upper limit size” AI model by RRC message (e.g. >45kBytes)
2. Maybe high control plane overhead, as a large model size may need segmentation/transmission/acknowledgment. This consumes critical configuration time for model transfer/delivery
3. An incomplete control plane model transfer has to be restarted upon mobility, as there are no current procedures to resume transmission across gNBs. Some companies wonder whether it is critical or not as it depends on how frequent the gNB to send new/updated AI/ML to the UE



Observation 1: Model transfer/delivery using Solution 1a has limited impact to specifications and low model transfer/delivery latency.
One issue is that existing downlink RRC transmission supports a maximum of 45KB by DL segmentation while 144KB is supported by UL segmentation. According to TS 38.331, different length of SN is supported for DL and UL.
Observation 2: Model transfer/delivery using Solution 1a may not support transfer/delivery of large size AI/ML model (e.g. model size> 45kB) over the air interface.
Another challenge for transferring AI/ML related information (e.g. model, model data, etc.) over RRC signalling, is that the RRC messages carrying AI/ML related information and RRC messages carrying important information to support UE’s connection management and mobility would be sharing same SRBs. However, the AI/ML related information may not be as important and/or urgent (or time-sensitive) as the connection establishment RRC messages. This means that some prioritisation of RRC messages should be considered. For example, considering that SRB1 is used to carry important RRC messages (e.g. RRCSetupRequest, RRCSetup, RRCSetupComplete, RRCResumeRequest, RRCResume, RRCResumeComplete, RRCReconfiguration, RRCReconfigurationComplete, RRCReestablishment RRCReestablishmentRequest, etc.), sending RRC messages, carrying AI/ML related information, on SRB1 would require allocating lower priority to the AI/ML related RRC messages. 
Observation 3: AI/ML model transfer/delivery using Solution 1a may require introducing some prioritisation rules for RRC messages over existing SRBs.
 2.1.1 New SRB
Another way to address the above challenge is to introduce a new SRB for sending AI/ML related information. For example, SRBx (e.g. SRB5) that can be configured to send/receive RRC messages for AI/ML related information, the network can configure LCP parameters (i.e. allocation of a priority and a prioritised bit rate (PBR)) for SRBx to control the prioritization of data transmission over SRBx.
Observation 4: AI/ML model transfer/delivery using Solution 1a may require introducing a new low priority SRBx (e.g. SRB5) to carry AI/ML model and related data.


2.2. Solution 1b and Solution 2b (model transfer/delivery via UP data)
The UP data is the user/application data that needs to be exchanged between the user device and servers in a DN (data network). Typically, CP packets have a smaller payload, compared with the UP packets, so the  CP path is currently designed to handle small messages between entities such as UE, RAN and CN. However, the CP design may not be suitable to transfer/deliver an AIML model (and/or any related data), which could be very large in size, as this could create network congestion and negatively impact the latency of other, more important, CP packets.
Observation 5: the CP has been designed to carry control messages which are typically small in size. However, AIML model (and/or any related data) may violate this design principle, given that some AIML models (and/or related data) could be very large in size (e.g., AIML model weights/parameters and/or model training data).
The AI/ML data size may depend on the AIML use case and/or data collection requirements of different model LCM procedures, e.g. model training data. In this case, if an AIML model needs to be frequently trained (or re-trained) in the network and then transferred/delivered to a given UE (or a group of UEs), this type of data or model transfer/delivery could require exchanging a large volume of data between the UE and the network. Similarly, transferring or delivering large training datasets across multiple network entities may be frequently needed, especially for distributed model training (which is a common case in the Federated Learning frameworks). Hence, using an UP-based solution for transferring/deliverying the model and/or related data, in this case, would be the more suitable approach. 
In other AIML use case or LCM procedure, the AIML model and/or related data may be small in size. For example, in the case of model inference or monitoring, where an AIML model has already been deployed, and only measurement data may need to be exchanged between the UE and other network entities (e.g., UE and gNB). In this case, using a CP-based solution could be a suitable approach for transferring/delivering the AIML model and/or related data. 
Observation 6: considering that data related to a given AI/ML model, may vary in size, as it depends on model use case and/or model LCM procedure. Therefore, it would be beneficial to transfer/deliver larger size models and/or related data using the UP-based solution, while the CP-based solution may be used for the transfer/delivery of a smaller size model and/or related data. 
Another important aspect is how time-sensitive the data related to a given AIML model. For example, in the case of online monitoring or inference, it may be suitable to use a CP-based solution (e.g., via RRC signalling) because it may provide a higher data transmission priority compared to available UP-based solutions. This is crucial when AIML data (e.g. measurements) is needed for model training in short intervals.
Apart from AIML data size, data time-sensitivity (or latency requirements), and the data termination point(s), i.e. the consumer of the transferred/delivered model (and/or model related data). For example, considering the model deployment side, i.e. whether the model is deployed at the UE-side, network-side or a two-sided model. This aspect may also influence the selection of a CP- or UP-based solution for the transfer/delivery of model (and related data).  
[bookmark: _Toc134171644]Observation 7: when selecting between a UP- or CP-based solution for model (and/or related data) transfer/delivery, aspects such as latency (or time-sensitivity) of model (and/or data) delivery, termination points, i.e. whether a UE-side, network-side, or a two-sided model should be considered.  
Finally, in RAN2#121bis-e, RAN2 discussed the potential additional meta data and agreed the following:
	R2 assumes that Information such as FFS: vendor info, applicable conditions, model performance indicators, etc. may be required for model management and control, and should, as a starting point, be part of meta information. 



In our understanding, in additional to the above information, a model meta data may include information on model description (e.g. architecture (e.g. number of layers, activation functions, connections between neurons), version history, software, hardware), training data used for the model, training completion time window, loss function, entropy, prediction accuracy, etc.). This meta data have (typically) small size compared to the actual model itself (e.g. model parameters, layers, weights, etc.), and contains very important information related to the model. On that basis, it seems reasonable to treat the meta data differently than the actual model itself (e.g., in terms of priority and reliability of data transfer/delivery) because if some bits from the actual model are corrupted during its transmission, the model is still functional, but if some bits in the meta data are corrupted, then the model may not be functional because the description of model construction is included in the meta data.
Observation 8: a model meta data may be transferred/delivered to a given entity using a CP-based solution due to its importance, high latency requirement and small data size. 
[bookmark: Signet15]2. Conclusion
In this contribution, we discussed aspects related to Solution 1a, Solution 1b, and Solution 2b, for AI/ML model transfer/delivery. The following are observations and proposal in this contribution:
Observation 1: Model transfer/delivery using Solution 1a has limited impact to specifications and low model transfer/delivery latency.
Observation 2: Model transfer/delivery using Solution 1a may not support transfer/delivery of large size AI/ML model (e.g. model size> 45kB) over the air interface.
Observation 3: AI/ML model transfer/delivery using Solution 1a may require introducing some prioritisation rules for RRC messages over existing SRBs.
Observation 4: AI/ML model transfer/delivery using Solution 1a may require introducing a new low priority SRBx (e.g. SRB5) to carry AI/ML model and related data.
Observation 5: the CP has been designed to carry control messages which are typically small in size. However, AIML model (and/or any related data) may violate this design principle, given that some AIML models (and/or related data) could be very large in size (e.g., AIML model weights/parameters and/or model training data).
Observation 6: considering that data related to a given AI/ML model, may vary in size, as it depends on model use case and/or model LCM procedure. Therefore, it would be beneficial to transfer/deliver larger size models and/or related data using the UP-based solution, while the CP-based solution may be used for the transfer/delivery of a smaller size model and/or related data. 
Observation 7: when selecting between a UP- or CP-based solution for model (and/or related data) transfer/delivery, aspects such as latency (or time-sensitivity) of model (and/or data) delivery, termination points, i.e. whether a UE-side, network-side, or a two-sided model should be considered.    
Observation 8: a model meta data may be transferred/delivered to a given entity using a CP-based solution due to its importance, high latency requirement and small data size. 
[bookmark: _GoBack]Proposal 1: RAN2 to continue discussion on selection of suitable solution(s) for transfer/delivery of AI/ML model and/or model related data.
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5. Annex A ([3])

	
	Pros
	Cons

	Solution 1a
	6. The existing RRC signaling solutions can be reused as baseline, at least including delta signaling and segementation
9. Additional security and verification may not be necessary as the UE already established security before the transfer is initiated
11. gNB can take the control of the AIML model transfer itself, which can not be achieved by traditional UP based solution


	1. Face challenges to convey large size or “no upper limit size” AI model by RRC message (e.g. >45kBytes)
2. Maybe high control plane overhead, as a large model size may need segmentation/transmission/acknowledgment. This consumes critical configuration time for model transfer/delivery
3. An incomplete control plane model transfer has to be restarted upon mobility, as there are no current procedures to resume transmission across gNBs. Some companies wonder whether it is critical or not as it depends on how frequent the gNB to send new/updated AI/ML to the UE

	Solution 2a and 3a
	5. Service continuity on model transfer/delivery is easy to achieve compared with Solution 1a
6. Impacts on RAN2 may be limited (some companies think that LPP signalling is in RAN2 scope)
	1. Face challenges to convey large size or “no upper limit size” AI model by RRC message (e.g. >45kBytes)
3. If NAS does the segmentation, it may introduce some overhead
4. (only valid for Solution 2a) CN is not a good option for later on model monitoring/activation/deactivation/fallback/update that requires less latency. The model transfer/delivery is transparent to gNB, it could be tricky to get gNB involved in the AI model LCM. It could be problematic when the network needs to be in control of what happening at the UE side and especially in two-sided models where one side of the model is intended to be located at the network side

	Solution 1b
	1. The network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g. can support large model size)
2. Compared with CP-based solutions, this Solution 1b can reduces control plane overhead, reduces overhead at gNB for model delivery/transfer
5. Compared with CP-based solutions, it may not need to consider CP message segmentation, CP message blocking issue
	5. Not compatible with current mobility procedure. Supporting model transfer during mobility is not so straightforward

	Solution 2b and 3b
	1. The network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g. can support large model size)
5. Compared with CP-based solutions, it may not need to consider CP message segmentation, CP message blocking issue
	2. CP signalling is needed to configure and initiate the model transfer from the CN
4. May be unable to support delta-model transfer/delivery based on current user plane framework

	Solution 4
	2. If 3GPP network can be aware of AI/ML model in this Solution 4, the network can provide different 5QIs for model transfer/delivery with different QoS requirements (e.g. can support large model size). How to synchronize 3GPP and server so that the network can take appropriate actions is not clear, and it may not be fully under 3GPP control
	2. There may be inter-operability issues, such as:
a)	Different implementations may lead to different model performances and a huge burden of model management (e.g., frequent model activation/deactivation)
b)	Massive offline coordination is needed or requires lots of coordinations among vendors, especially for the CSI compression use case
4. When network cannot control the model transfer/delivery, the transfer of large model may impact important and delay sensitive user data traffic




