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1. Background
In RAN2#81bis meeting, solutions for MTC enhancements were initially discussed. Regarding that some of the candidates SDDTE (Small Data and Device Triggering Enhancements) solutions may have RAN3 impacts, RAN2 likes to invite RAN3 to investigate those solutions from RAN3 point of view.
In this contribution, we focus on RAN3 impacts if supporting each of the candidates SDDTE solutions and give the corresponding observations and proposals.
2. Discussion

SDDTE mainly focuses on signaling enhancements in order to solve the problem of disproportionate amount of signaling caused by idle-connected mode transitions due to small data transmission. The related candidates’ solutions in TR 23.887[1] were grouped in five solutions in RAN2 according to RAN impact [2] as below:

· Optimized RRC connection management(Solution 1a)
· Control Plane solutions(Solution 2a)
· Connectionless approaches(Solution 3a)
· S1/Iu-only optimizations(Solution 4a)
· Keep the UE in connected mode(Solution 5a)
In the following part, we will analyze RAN3 impact of each solution.
2.1. Optimized RRC connection management
According to [1] and [2], this solution applies for UMTS and LTE. It refers to “Service Request signaling reduction by RRC message combining” which reduces the amount of RRC signaling messages required in Service Request procedure by combining the information exchanged between the UE and MME/SGSN in fewer RRC messages. The message flow for LTE and UMTS system in [1] are shown in figure 1 and figure 2.
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Figure 1: Service Request procedure for RRC combining for LTE
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Figure 2 Service Request procedure for RRC combining for UMTS
According to the procedures shown in Figure 1 and figure 2, the impacts to signaling procedure mainly focus on RRC layer. So no impact on S1/Iu messages is foreseen. However at implementation aspect, RNC/eNB needs to support new RRC connection establishment procedure, e.g. send RRC connection setup only when receiving RAB Assignment Request/Initial Context Setup Request message. Since it is completely different from current procedure, we think it should be studied carefully.
Oberservation1: If optimized RRC connection management solution is supported, no S1/Iu signaling impact is foreseen, however the impacts to RNC/eNB implementation should be studied carefully.
2.2. Control Plane solutions
According to [1] and [2], this solution only applies for LTE. It consists of piggybacking the IP data packet/SMS (and the response) in control messages without establishing U-plane radio bearers. For MO case, the UL packet and possible acknowledgment DL packet are conveyed in Initial UE Message/UPLINK NAS TRANSPORT and RRC Connection Release/DOWNLINK NAS TRANSPORT messages respectively. For MT case, the DL packet and possible acknowledgment UL packet are conveyed in DOWNLINK NAS TRANSPORT and UPLINK NAS TRANSPORT messages respectively.
As RAN3 impacts are considered, firstly according to [1], small data can be piggybacked into current NAS containers in Initial UE Message, UPLINK NAS TRANSPORT and DOWNLINK NAS TRANSPORT messages and eNB only forwards NAS container transparently. So there is no additional RAN3 impact to support this. However for MT case, it is decided by SA2 that MME should indicate eNB of small data transmission so that eNB could optimise its resource allocation and not configure the UE for measurement reporting. Then an indication is needed in Paging message of S1AP. Furthermore for uplink small data packet transmission, it is also decided by SA2 that MME can tell eNB to release RRC connection by adding a release indication in DOWNLINK NAS TRANSPORT when small data transmission ends,
In summary, to support the control plane solutions, RAN3 impacts are as below: 
· A new 1-bit indication in Paging message of S1AP; 
· A new1-bit release indication in DOWNLINK NAS TRANSPORT message;
We think the above impact only need to add two 1-bit IEs in corresponding S1 messages and related modification on eNB implementation is minor. These impacts are accepted.
Oberservation2: The control plane solutions could be supported by RAN3 with limited modifications on RAN3 specifications.
2.3. Connectionless approaches
According to [1] and [2], this solution applies for both UMTS and LTE. It includes two alternatives which are “fast path” and “connectionless”. Both alternatives are based on the principle of providing information to the UE about the bearer end-point(s) of the PDN Connection(s) in the SGW. The UE can then append this information to small data that is sent UL to the eNB. The eNB uses the appended information and creates a GTP-U PDU and passes the small data packet on the S1-U to the SGW. Both alternatives allow UE to send small data in ECM-IDLE state, which can avoid the signaling between eNB and MME.
For “fast path” solution, according to [1], MME should indicate UE which fast path should be used when paging for DL small data when there are multiple fast path enabled bearers, so the related identity of fast path needs to be included in Paging message. Additionally, a timeout value assigned by the MME for the fast path is sent to eNB and eNB maintains this timer. When timer expires, eNB remove fast path related information.
For “connectionless” solution, according to [1], the mapping of connection ID to SGW TEID is passed to the eNB when security is established, so related IEs need to be added in corresponding S1 messages. eNB will store these information until the UE is detached.
According to above, RAN3 impacts to support the connectionless solutions are: 
· For “fast path” solution, a timeout value is sent to eNB/RNC and eNB/RNC maintains this timer;

· For “fast path” solution, related ID of fast path need to be included in Paging message when multiple fast pathes are enabled;

· For “connectionless” solutions, the mapping of connection ID to SGW TEID is sent to eNB/RNC and eNB/RNC shall store the information for a long time.
While the impacts on S1/Iu messages are limited, maintaining timer will result more complicated implementation in eNB/RNC and storing UE context in eNB/RNC for a long time will bring scalability issues. Regarding these issues, the user plane solutions need to be carefully studied.
Oberservation3: The impacts on RAN3 specifications are limited to support the Connectionless solutions, However, this approach will bring scalability issues due to storing UE context in eNB/RNC and need to be studied cautiously.
2.4. S1/Iu-only optimizations
According to [1] and [2], this solution only applies for LTE. S1/Iu-only optimization refers to “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”. The main concept of this solution is to maintain the device specific context information in the Combined Gate Way (CGW) only for users actively engaged in user data transmission and eliminates signaling between the MME and CGW. 
Obviously, it is CN based solution and the impacts mainly in CN..

 According to [1], RAN3 impacts are:

· Anew1-bit  indication in S1 message tells MME whether eNB support this solution; 
· A new1-bit indication in X2 message tells target eNB whether SGW support this solution;
Oberservation4: The “Stateless Gateway for cost efficient transmission of infrequent or frequent small data” solution can be supported by RAN3 with limited modifications on RAN3 specifications.
2.5. Core Network assisted eNB parameters tuning for small data transfer
According to [1], this solution only applies for LTE. The concept of this solution is that the MME provides assistance information to assist the RAN in optimizing RAN parameters, the DRX cycle (i.e. period of discontinuous reception when the UE is in connected or idle state) and/or the RRC user inactivity timer (i.e. timer used in the RAN to release the RRC signaling connection of the UE). Two examples call flows provided in [1] are showed in following:

[image: image3.emf]MME

4. MME stores date/time of S1 connection release 

and RAN assistance data

UE

On-going signalling connection

eNodeB

Expiry of RRC user 

inactivity timer in eNB

1. S1-AP UE Context Release Request (user inactivity cause)

2. S1-AP UE Context Release Command

3. S1-AP UE Context Release Complete

(RAN assistance data for next signalling connection)

New small data available

for transmission

5. NAS Service Request

6. MME sets CN assistance data based on 

subscription data and/or dynamic monitoring of 

UE activity, e.g. MME detects frequent transitions 

between idle and connected states.

8. S1-AP Initial Context SetupComplete

7. S1-AP Initial Context Setup Request

(CN assistance dataand/or RAN assistance data)

Radio Bearer Establishment

eNB adjusts the RRC user 

Inactivity timer and/orDRX parameters 

to reduce Idle <> connected transition frequency 

and optimize battery usage

 Figure 3: Core Network assisted eNB parameters tuning for small data transfer
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 Figure 4: Core Network relayed eNB parameters tuning for small data transfer
From above flow figure, it can be seen that impacts to eNB are:
· tuning of RAN parameters (e.g. DRX cycle and/or RRC inactivity timer) using CN and/or RAN assistance information;
·  providing the RAN assistance information to the MME during the release of the RRC signalling connection and S1 and X2 handover procedures.

The impacts to S1/Iu signaling are:

· RAN assistance information (e.g. DRX cycle and/or RRC inactivity timer) is included in UE CONTEXT RELEASE COMPLETE or S1and X2 handover related messages(e.g. HANDOVER REQUIRED);
· CN assistance information is included in INITIAL CONTEXT SETUP REQUEST.

Based on above analysis, we think this solution mainly impacts MME. The impacts to eNB and S1/Iu signaling is acceptable.
Oberservation5: “Core Network assisted eNB parameters tuning for small data transfer” can be supported by RAN3 with limited impacts on RAN3 specifications.
3. Conclusion
In this contribution, we analyze the impacts on S1/Iu for solutions of Signaling overhead reduction. The impacts are concluded in Table 1:
Table 1 Comparison table of solutions for signalling overhead reduction
	Solutions
	Impacts to S1/Iu signaling
	Impact to eNB/RNC implementation

	Optimized RRC connection management
	none
	Support of new RRC connection establishment procedure

	Control Plane solutions
	· A 1-bit small data flag in paging message
· A 1-bit release command in DL information transfer  message
	eNB does not configure AS security and measurement parameters according to indication from UE or MME.

	Connectionless approaches
	· For fast path, A timeout value is sent to eNB/RNC;

· For fast path, related ID of fast path need to be included in Paging message when multiple fast pathes are enabled;

· For connectionless, the mapping of connection ID to SGW TEID is sent to eNB/RNC
	· eNB/RNC maintain a timer for one fast path;

· eNB/RNC store UE context until UE is detached.

	S1/Iu-only optimizations
	· Including 1-bit eNB support indication in S1 message; 
· Including 1-bit SGW support indication in X2 message;
	· when sending NAS or HO related messages to MME indicate support of optimized signalling (S1-MME);

· on X2 HO, include the SGW support indication to the target eNB (X2).

	Core Network assisted eNB parameters tuning for small data transfer
	· RAN assistance information (e.g. DRX cycle and/or RRC inactivity timer) is included in UE CONTEXT RELEASE COMPLETE or S1and X2 handover related messages(e.g. HANDOVER REQUIRED);
· CN assistance information is included in INITIAL CONTEXT SETUP REQUEST.
	· tuning of RAN parameters (e.g. DRX cycle and/or RRC inactivity timer) using CN and/or RAN assistance information;
·  providing the RAN assistance information to the MME during the release of the RRC signalling connection and S1 and X2 handover procedures.


Based on above analysis, we have the following proposals:
Proposal1: Provide feedback to RAN2 based on the above Table1.
Proposal2: It is proposed RAN2 to carefully study the scalability issues due to storing UE context in RNC/eNB for connectionless approaches and impacts to RNC/eNB for Optimized RRC connection management.
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