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1. Introduction

About the indication of PDU session for UAV communication and/or C2 communication, in the latest TS 23.256 v0.2.0 subclause 5.2.3.1, it was specified as below.
"The UAV shall indicate that the PDU Session/PDN Connection is for the UAV communication and/or C2 communication in the PDU Session Establishment/PDN Connectivity request. The PDU Session/PDN Connection is identified by the SMF/SMF+PGW-C as being for UAV/C2 communication based on the DNN or DNN/S-NSSAI combination."

One can see the PDU session for UAV communication and/or C2 communication was implicitly identified by the SMF based on the DNN or DNN/S-NSSAI combination.

This paper attempts to discuss the indication of PDU session for UAV communication and/or C2 communication from stage 3 protocol implementation perspective, typically how to implement above implicit indication and other options in stage 3 and finally propose a way forwards in CT1.
Note that this paper only touches the indication of PDU session for UAV communication and/or C2 communication in 5G, but the discussion, analysis, questions, observations, evaluation and proposals of this paper are also applied to the indication of PDN connection for UAV communication and/or C2 communication in 4G, except S-NSSAI is not used in 4G.

2. Discussion
2.1 Implementation of implicit indication (option #1) in stage 3
Based on the current stage 2 requirements, the PDU session established for UAS services can be used for following three purposes: 

1)
UAV communication only;

2)
C2 communication only;

3)
both UAV communication and C2 communication.
As the required network handling for above three types of PDU sessions are different (e.g. see below SA2 text), so the network needs to clearly distinguish which PDU session for UAS services is established for which purpose.
"When the UAV - UAV-C pairing authorization is revoked by the USS, the SMF or SMF+PGW-C shall release the PDU Session/PDN connection for C2 communication (in case  separate PDU Sessions/PDN Connections are used), or disable C2 communication for the PDU Session/PDN connection (in case common PDU Session/PDN Connection isused)."

Observation #1. The network needs to clearly know which PDU session for UAS services is established for which purpose.

Also based on below stage 2 text in TS 23.256, one can see the dedicated DNN/S-NSSAI combination is required for UAS services.
"UUAA-SM is required at each PDU session establishment (PDN connection in EPS) for a DNN corresponding to UAS services."

"The UAV initiates PDU Session establishment procedure for a DNN/S-NSSAI dedicated for connectivity to UAV-C."

Observation #2. The dedicated DNN/S-NSSAI combination is required for UAS services.

Currently in SA2, it was only specified that the PDU session for UAV communication and/or C2 communication was implicitly identified based on the DNN or DNN/S-NSSAI combination. It does not mention the SMF will also use other information (e.g. pairing information) to identify them. Hence, based on above observation#1 and #2, then three types of dedicated DNN/S-NSSAI combination are required for such PDU session identification:
a)
Dedicated DNN/S-NSSAI combination for UAV communication only (called type A dedicated DNN/S-NSSAI combination).
b)
Dedicated DNN/S-NSSAI combination for C2 communication only (called type B dedicated DNN/S-NSSAI combination).
c)
Dedicated DNN/S-NSSAI combination for both UAV communication and C2 communication (called type C dedicated DNN/S-NSSAI combination).

That is to say, in order to support UAS services, each network needs to configure three types of dedicated DNN/S-NSSAI combination while DNN and S-NSSAI are actually the valuable network resources for the operators. This somehow increases the cost for the operators to deploy the UAS services.
There should be no overlapping between any of these three types of dedicated DNN/S-NSSAI combination; otherwise, the network cannot clearly distinguish between three types of PDU session. For example, if a dedicated DNN/S-NSSAI combination belongs to both type A and type B, then when the UE using it for a new PDU session establishement, the network cannot know whether this PDU session is for UAV communication only or for C2 communication only.

Observation #3. Three types of dedicated DNN/S-NSSAI combination are required for PDU session identification for UAV communication and/or C2 communication.

However, based on below SA2 text, it seems the PDU session for UAV communication only can be modified to the PDU session for both UAV communication and C2 communication. However, the DNN/S-NSSAI combination of a PDU session cannot be modified during the life of the PDU session. Hence, to enable such modification, type A dedicated DNN/S-NSSAI combination can also be type C dedicated DNN/S-NSSAI combination.
"C2 authorization may be carried out:
-
During PDU Session Modification/ UE requested bearer resource modification when the UAV requires to use an existing PDU session/PDN connection to exchange C2 communication related messages."
Then follow question needs to be resolved:
Question #1: How does the network distinguish the PDU session for UAV communication only and the PDU session for both UAV communication and C2 communication based on the dedicated DNN/S-NSSAI combination?
Currently, it was unclear in SA2 on how such three types of dedicated DNN/S-NSSAI combination are available at the network (including the AMF and SMF) and the UE sides. At the network side, the possible available ways include:
(1) Way#1: configuring three types of dedicated DNN/S-NSSAI combination in UDM as part of subscribed data retrieved by the AMF and SMF. Note that this way can only be done by the HPLMN.
(2) Way#2: configuring three types of dedicated DNN/S-NSSAI combination at the AMF and SMF locally.
At the UE side, the possible available ways include:

(1) Way#1: pre-configuring three types of dedicated DNN/S-NSSAI combination in the pre-configured URSP rules at the UE. Note that this way can only be done by the HPLMN.
(2) Way#2: the PCF includes three types of dedicated DNN/S-NSSAI combination in the signalled URSP rules to the UE.
Question #2: How to make three types of dedicated DNN/S-NSSAI combination available at the network (including the AMF and SMF) and the UE sides?
As the new PDU session establishment for UAS services is initiated by the UE based on the request from the UAS application. Hence, assuming the dedicated DNN/S-NSSAI combination is available in the URSP rules at the UE, then how to enable the matching between the UAS application and these three types of PDU sessions considering there is only DNN included in the traffic descriptor of a URSP rule? These matching include:
(1) If the UAS application requests to establish a PDU session for UAV communication only, then how does it match a URSP rule in which includes the type A dedicated DNN/S-NSSAI combination for UAV communication only?

(2) If the UAS application requests to establish a PDU session for C2 communication only, then how does it match a URSP rule in which includes the type B dedicated DNN/S-NSSAI combination for C2 communication only?

(3) If the UAS application requests to establish a PDU session for both UAV communication and C2 communication, then how does it match a URSP rule in which includes the type C dedicated DNN/S-NSSAI combination for both UAV communication and C2 communication?

(4) If the UAS application requests to modify an existing PDU session for C2 communication, then how does it match a URSP rule in which includes the type C dedicated DNN/S-NSSAI combination for both UAV communication and C2 communication?
All above questions needs to be resovle in stage 3 implementation.
Question #3: Assuming the dedicated DNN/S-NSSAI combinations for UAS services are available in the URSP rules stored the UE, then how to enable the matching between the UAS application and different types of PDU sessions for UAS services (i.e. PDU session for UAV communication only, PDU session for C2 communication only and PDU session for both UAV communication and C2 communication)?
2.2 Implementation of explicit indication (option #2) in stage 3
The explicit indication of PDU session for UAV communication and/or C2 communication was actually discussed since very beginning in SA2 but was currently excluded in the latest TS 23.256 v0.2.0. It was noted that the only reason to rule out the explicit indication is due to implicit indication based on DNN or DNN/S-NSSAI combination is sufficient and hence no need to define the new explicit indication for this. That is to say, there is no technical drawback for the explicit indication.

However, we need to evaluate this explicit indication from stage 3 protocol implementation perspective:
(1) Simplicity: The UAS service is totally a new service for 5GS and to enable the 5GC to clearly distinguish different PDU sessions for different UAS services, then to use a new explicit indication is more straigthforward and easier way from protocol implementation perspective. CT1 has added such similar explicit indication for other PDU session purpose in the past, e.g. the "Control plane only indication" and the "Always-on PDU session indication". Also, the already complicated URSP handling will not be impacted for UAS services. The UE NAS just simply sets the explicit indication based on the upper layer request.
(2) Flexibility: To using explicit indication can enable the operator to support UAS service without configuring different types of dedicated DNN/S-NSSAI combination for UAS services. This includes: (a) the operator can use the common DNN and/or S-NSSAI for UAS services; or (b) the operator can still configure but only need to configure one DNN and/or S-NSSAI for UAS services. This will enable flexible network configuration for UAS services for operators.
(3) Extensibility: Considering 5GS is evolving to enable more and more vertical services in the future, so to have a new general explicit indication to indicate the service purpose of PDU session is a future proof way forwards. For example, when new UAS services are supported by 5GS in the future, then this explicit indication can be easily extended to indicate the PDU session for new UAS services.
Hence, comparing to the dedicated DNN/S-NSSAI combination based implicit indication, the explicit indication not only has no any techncial drawback but also has clearly advantages from protocol implementation perspective.

2.3 Implementation of implicit indication plus other IE (option #3) in stage 3
To resolve above Question #1, another alternative could be: in addtion to reply on the dedicated DNN/S-NSSAI combination based implicit indication, also to use another UAS specific IEs to distinguish the PDU session for UAV communication only and the PDU session for both UAV communication and C2 communication. These available UAS specific IEs could be: 
· CAA-Level UAV ID;
· USS address;

· UUAA aviation payload;
· pairing information; and
· flight authorization information.
For CAA-Level UAV ID, it is a mandatory IE for the PDU session establishment for UAS services. Hence, to use CAA-Level UAV ID cannot distinguish different types of PDU session for UAS services. Also, it is an optional IE in the PDU session modification for C2 communication and hence, in case of it was not included, the SMF cannot distinguish between the PDU session for UAV communication only and the PDU session for both UAV communication and C2 communication.
For USS address and UUAA aviation payload, they are optional IEs for the PDU session establishment for UAS services. Hence in case of these IE are not included, the SMF cannot distinguish different types of PDU session for UAS services.
For pairing information and flight authorization information, they are option IEs for the PDU session establishment for C2 communication only and for the PDU session modification for C2 communication. Hence, in case of these IE are not included, the SMF cannot distinguish between the PDU session for UAV communication only and the PDU session for both UAV communication and C2 communication.
Note that this option replies on the dedicated DNN/S-NSSAI combination based implicit indication, hence, all questions in section 2.1 needs to be resolved for this option as well.

2.4 Evaluation of three options
Based on discussion in above section 2.1, 2.2 and 2.3, the evaluaiton on these three options can be shown in below table 1.

Table 1. Evaluation of three options
	Options
	Pros.
	Cons.

	Option #1: 

Dedicated DNN/S-NSSAI combination based implicit indication
	No clear Pros. can be found.
	· Costly: Operator needs to configure three types of dedicated DNN/S-NSSAI combination for UAS services. This increases the cost for operstors to deploy the UAS services.
· Non-easily-extensible: This is not easily extensible for future-proof as whenever new UAS services support in the future, the new dedicated DNN/S-NSSAI combinations need to be configured as well.

· Complicated: Very complicated to be implemented in stage 3 with some key questions to be resolved first:
· It is unclear for the network to distinguish the PDU session for UAV communication only and the PDU session for both UAV communication and C2 communication.
· It is unclear to make three types of dedicated DNN/S-NSSAI combination available at the network (including the AMF and SMF) and the UE sides.

· Assuming the dedicated DNN/S-NSSAI combinations for UAS services are available in the URSP rules stored the UE, then how to enable the matching between the UAS application and different types of PDU sessions for UAS services.

	Option #2:
Explicit indication
	· Simplicity: It is more straigthforward and easier way to be implemented in stage 3. The complicated URSP handling will not be impacted.
· Flexibility: To using explicit indication can enable the operator to support UAS service without configuring different types of dedicated DNN/S-NSSAI combination for UAS services. This will enable flexible network configuration for UAS services for operators.

· Extensibility: It is easier to be extended to indicate the new UAS services of PDU session.
	No clear Cons. can be found.

	Option #3:
dedicated DNN/S-NSSAI combination based implicit indication + other UAS specific IEs
	Same as Option #1, no clear Pros. can be found.
	· Same as Option #1.
· To use other UAS specific IEs cannot fully work in all cases.


2.5 Proposal
Based on the evaluation from Table 1, even currently SA2 has an interim agreement to go Option #1: dedicated DNN/S-NSSAI combination based implicit indication, but CT1 could also make the decision on this specific point as CT1 holds the stage 3 protocol implementation and about how to define such indication is more protocol implementaion specific. With this, we would propose:

Proposal #1. It proposes to define a new explicit indication for PDU session identification for UAV communication and/or C2 communication in stage 3.

Proposal #2. Once CT1 agreed to use the explicit indication for PDU session identification for UAV communication and/or C2 communication in stage 3, it proposes to send an LS to SA2 for alignment.

3 Conclusion
This paper has discussed the indication of PDU session for UAV communication and/or C2 communication from stage 3 protocol implementation perspective, typically how to implement three options in stage 3.
Based on the discussion, following observations were provided:
Observation #1. The network needs to clearly know which PDU session for UAS services is established for which purpose.

Observation #2. The dedicated DNN/S-NSSAI combination is required for UAS services.

Observation #3. Three types of dedicated DNN/S-NSSAI combination are required for PDU session identification for UAV communication and/or C2 communication.

Based on above observations, following open questions for dedicated DNN/S-NSSAI combination based implicit indication were identified and need to be resolved first:
Question #1: How does the network distinguish the PDU session for UAV communication only and the PDU session for both UAV communication and C2 communication based on the dedicated DNN/S-NSSAI combination?

Question #2: How to make three types of dedicated DNN/S-NSSAI combination available at the network (including the AMF and SMF) and the UE sides?
Question #3: Assuming the dedicated DNN/S-NSSAI combinations for UAS services are available in the URSP rules stored the UE, then how to enable the matching between the UAS application and different types of PDU sessions for UAS services (i.e. PDU session for UAV communication only, PDU session for C2 communication only and PDU session for both UAV communication and C2 communication)?
Based on the evaluation between three options for such indication, the dedicated DNN/S-NSSAI combination based implicit indication is costly, non-easily-extensible and complicated to be implementated, while the explicit indication for PDU session for UAV communication and/or C2 communication is simpler, more extensible and more flexible from stage 3 protocol implementation perspective. Hence, following proposals were provided:

Proposal #1. It proposes to define a new explicit indication for PDU session identification for UAV communication and/or C2 communication in stage 3.

Proposal #2. Once CT1 agreed to use the explicit indication for PDU session identification for UAV communication and/or C2 communication in stage 3, it proposes to send an LS to SA2 for alignment.

The above proposal #1 is captured in CRs C1-213390 for 5G and C1-213391 for 4G. The above proposal #2 is captured in the draft LS was C1-213392.

