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1. Introduction
In RAN#62 meeting, the new WI on dual connectivity (DC) has been approved based on the small cell SI [1]. The main task for RAN3 is to introduce functions and procedures on the S1 and X2 interfaces. In this paper, we analyse the possible procedures and scenarios, and then show our views on the prioritisation in WI.  
2.  Scenarios 
In the draft agenda [2], Chairman lists the procedures of “X2 setup/Addition/Removal/Modification/SeNB Change/handover, etc”, and RAN3 needs to determine the scenarios and prioritisation for Rel-12: 

· X2 setup: since the DC operation is performed through X2 interface, X2 setup procedure is critical to initiate DC related procedures. In this procedure, two eNBs can indicate the eNB’s capability on DC so that the eNB can avoid the unnecessary DC procedure to the non-supporting eNBs.  
· SeNB addition/removal/modification: as SCell management in CA, these procedures define basic SeNB management functions in DC. Moreover, SeNB change can be achieved through SeNB addition and removal.
Thus, we propose that

Proposal 1: X2 setup and SeNB addition/removal/modification should be studied in WI with the highest priority. 

The handover procedure is the most complex procedure in RAN3 to be considered for DC. The possible scenarios can be summarised into three categories:
Scenario 1: Connectivity to a single eNB ( dual connectivity

	Scenario
	Connectivity to a single eNB (before handover)
	Dual connectivity (after handover)
	Description
	Potential procedure

	
	
	MeNB
	SeNB
	
	

	1a
	eNB1(macro cell/small cell)
	eNB2 (macro cell)
	eNB3 (small cell)
	[image: image1.emf] 

eNB 1 eNB 2

eNB 3


eNB1 initiates the HO to eNB2, and then eNB2 sets up DC with eNB3 to increase throughput before responding HO request.
	Handover +  SeNB addition

	1b
	eNB1(small cell)
	eNB2 (macro cell)
	eNB1 (small cell)
	[image: image2.emf] 

eNB 2

eNB 1


eNB1 initiates the HO to eNB2, and then eNB2 sets up DC with eNB1 to increase throughput before responding HO request.
	Handover +  SeNB addition


Scenarios 2: dual connectivity ( Connectivity to a single eNB 
	Scenario
	Dual connectivity (before handover)
	Connectivity to a single eNB (after handover)
	Description
	Potential procedure

	
	MeNB
	SeNB
	
	
	

	2a
	eNB1 (macro cell)
	eNB2 (small cell)
	eNB2 (small cell)
	[image: image3.emf] 

eNB 1

eNB 2


eNB1 hands the UE over to eNB2.
	Handover

	2b
	eNB1 (macro cell)
	eNB2 (small cell)
	eNB3 (macro/small cell)
	[image: image4.emf] 

eNB 1 eNB 3

eNB 2


eNB1 hands the UE over to eNB3 and releases the connectivity to eNB2.
	Handover (eNB1 has to release eNB2 after handover)


Scenario 3: dual connectivity ( dual connectivity
	Scenario
	Dual connectivity (before handover)
	Dual connectivity (after handover)
	Description
	Potential procedure

	
	MeNB
	SeNB
	MeNB
	SeNB
	
	

	3a [3, 4]
	eNB1 (macro cell)
	eNB2 (small cell)
	eNB3 (macro cell)
	eNB2 (small cell)
	[image: image5.emf] 

eNB 1 eNB 3

eNB 2


eNB1 initiates the HO to eNB3 and then eNB3 sets up DC with eNB2 before responding HO request from eNB1.
	Handover + SeNB addition

	3b [3, 4]
	eNB1 (macro cell)
	eNB2 (small cell)
	eNB3 (macro cell)
	eNB4 (small cell)
	[image: image6.emf] 

eNB 1 eNB 3

eNB 2

eNB 4


eNB1 initiates the HO to eNB3 and then eNB3 sets up DC with eNB4 before responding HO request from eNB1. After that, eNB1 releases the connectivity to eNB2.
	Handover + SeNB addition


Based on the above scenarios, we can notice that handover + SeNB addition procedure is very important for the handover procedure considering dual connectivity. Similar as CA, where the SCell can be configured during handover procedure for the usage after handover, the UE can be configured with dual connectivity during handover procedure. Thus, we propose:
Proposal 2: Handover + SeNB addition should be studied in WI with the highest priority.  
3. Signalling flow for handover + SeNB addition
SeNB addition/removal/modification procedures have been captured in small cell TR [5] for future reference. It would be better to provide an example signalling flow for handover + SeNB addition. One possible signalling flow for scenario 3b is illustrated in Fig. 1. 
Below is the detailed description:
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22. Path notification


Fig. 1 Example signalling flow for handover + SeNB addition
1. UE sends the measurement results to S-MeNB;

2. S-MeNB sends HO request message to T-MeNB, including E-RAB characteristics on both S-MeNB and S-SeNB (E-RAB parameters, TNL address information, etc), UE capability, radio resource configuration of the UE, etc.;

3. T-MeNB requests to add T-SeNB for DC, which indicates the characteristics of E-RABs being moved to T-SeNB (E-RAB parameters, TNL address information, etc), UE capability, etc; 

4. T-SeNB provides the new radio resource configuration to T-MeNB for the E-RABs accepted by T-SeNB (including the forwarding address over X2);
5. T-MeNB responses to S-MeNB by including the characteristics of the accepted E-RABs in both T-MeNB and T-SeNB, the forwarding address over X2 (for UP 1A, the forwarding addresses on both T-MeNB and T-SeNB should be included, while for UP 3C, only the addresses on T-MeNB is needed) and radio resource configuration on both T-MeNB and T-SeNB;  

6. S-MeNB notifies S-SeNB to stop the communication with UE. In addition, the X2 forwarding addresses on T-MeNB and/or T-SeNB are included; 

7. S-MeNB sends to the UE the radio resource configuration on both T-MeNB and T-SeNB; 

8. 8a~8f: Depending on the UP architecture, the SN status transfer and data forwarding may be different. For 1A, according to the E-RABs accepted by T-MeNB and T-SeNB, both S-MeNB and S-SeNB can send the SN status transfer and carry out data forwarding to T-MeNB and T-SeNB. While for 3C, SN status transfer and data forwarding are carried out to T-MeNB only; 

9. The UE synchronizes with T-MeNB; 
10. The UE sends to T-MeNB the RRC reconfiguration complete message; 

11. 11a~11b: The UE starts the data transmission with T-MeNB and EPC; 

12.  The UE synchronizes with T-SeNB;
13. T-SeNB informs T-MeNB the synchronization; 

14. 14a~14b: The UE starts the data transmission with T-SeNB and EPC;
15. T-MeNB sends the path switch message to MME, including the updated UP DL path towards EPC (for 1A, including DL UP path towards EPC from T-MeNB and T-SeNB; for 3C, including DL UP path towards EPC from T-MeNB);
16. MME notifies S-GW the updated UP paths;
17. 17a~17c: S-GW switches the UP paths accordingly and sends the end marks to indicate the finish of data transmission on the old path. For 1A, the end marks are sent to S-MeNB and S-SeNB; for 3C, the end marks are sent to S-MeNB;
18. 18a~18c: S-MeNB and S-SeNB notifies the finish of data forwarding. For 1A, depending on the E-RABs accepted by T-MeNB and T-SeNB, both S-MeNB and S-SeNB send end marks to T-MeNB and T-SeNB; for 3C, S-MeNB sends end marks to T-MeNB; 

19. 19a~19c: T-MeNB and T-SeNB (or T-MeNB) start data communication with S-GW. 
20. S-GW informs the new UP UL path addresses. 
21. MME notifies the new UP UL path addresses to T-MeNB. 

22. T-MeNB notifies the new UP UL path information for E-RABs on S-GW. 

23. T-MeNB informs S-MeNB to release UE context.

24. S-MeNB informs S-SeNB to release UE context. 

Although the above procedure is focused on the scenario 3b, it can be applied to other scenarios with some simplification, as shown in the following table. 

	Scenario
	Handover + SeNB addition procedure

	1a
	Since this scenario does not involve S-SeNB, the signalling and data packet to/from S-SeNB in Fig. 1 can be omitted, such as 6, 8c, 8d, 17b, 18b, 24. Moreover, the information on S-SeNB in all signalling can be omitted.

	1b
	The procedure is similar as scenario 1a. Moreover, since the T-SeNB is the source eNB, some signalling and data packet from the source eNB to T-SeNB become the internal processing, such as the SN status transfer and the data forwarding in 8a and 8b, end marks in 18a.

	3a
	The procedure is similar as scenario 3b. Moreover, since the T-SeNB is same as S-SeNB, some signalling and data packet from the S-SeNB to T-SeNB become the internal processing, such as the SN status transfer and the data forwarding in 8c and 8d, end marks in 18b.


The above table shows that the procedure in Fig. 1 is the basis of handover + SeNB addition. Thus, we propose 

Proposal 3: The scenario 3b should be studied in WI with the highest priority for Handover + SeNB addition, and the signalling flow in Fig. 1 can be considered as the baseline.
4. Conclusion

This contribution looks into the signalling procedures and scenarios for WI, and proposes that 
Proposal 1: X2 setup and SeNB addition/removal/modification should be studied in WI with the highest priority. 

Proposal 2: Handover + SeNB addition should be studied in WI with the highest priority.  
Proposal 3: The scenario 3b should be studied in WI with the highest priority for Handover + SeNB addition, and the signalling flow in Fig. 1 can be considered as the baseline.
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