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1. Introduction

There is a need to progress the agreed high-level signalling schemes to more detailed procedures. This document analyzes the LTE Inter-RAT Handover procedure.

The inter-RAT Handover procedures described in ref. [23.882] chapter 7.8.2 are all similar to the “Hard Handover with SRNS Relocation” procedure (see ref. [23.060]) and the “PS Handover” procedure (see Ref. [43.129]).

This paper discusses which one to use as a design basis. It describes the location of data bi-casting, in case it shall be used.
This paper is based on ref. [S2-062813].
2. Requirements

There are no specific requirements in ref. [25.913] regarding the design impact of LTE on GERAN and UTRAN, but it can be expected that many operators will demand LTE-UTRAN/GERAN inter-RAT handover and that an overall cost minimization can be achieved if we base the new inter-RAT handover procedure on already existing procedures, as this should minimize specification, design and test effort.
Generally, it is proposed that RAN3 adopts the present design rule “Source adapts to target” also for LTE Inter-system Handover. 

3. High-level comparison of alternatives

The table below lists high-level properties of the currently specified procedures.

	Supported feature
	“Hard Handover with SRNS Relocation”
	“PS Handover”
	Comment

	Handover to/from UTRAN
	Yes
	Yes
	

	Handover to/from GERAN (A/Gb mode)
	No
	Yes
	

	Forwarding of full PDP context incl. ARP, allowing correct bearer allocation priority
	Yes
	Yes
	

	GTP used between MMEs, carrying CN data, e.g. UE capabilities and security context
	Yes
	Yes
	

	Reduction of GBR/MBR per bearer
	Yes
	No
	

	Target may reject selected bearers
	Yes
	Yes
	

	Source has the ultimate decision to proceed or cancel
	Yes
	Yes
	

	Source may initiate multiple HO requests and select the best response
	Yes
	Yes
	

	Data forwarding
	Yes
	Yes
	

	Bi-casting
	Yes
	Yes
	

	Forward containers used for RAN-RAN information
	Yes
	Yes
	Different containers are used per RAT

	Reverse containers used for RAN-RAN information
	Yes
	Yes
	Different containers are used per RAT

	Includes coordination with CS domain
	Yes, but only an indication of “number of domains”, i.e. the CS messages can be omitted
	Yes, but only an indication of “number of domains”, i.e. the CS messages can be omitted
	May be considered an unwanted complexity


The only significant high-level difference is that the PS Handover procedure supports both GERAN and UTRAN. 
The capability to allow reduction of GBR/MBR is deemed less important and instead bearers with too high bit rate can be deleted in the Handover process and the Core Network may re-start the bearers with lower QoS (if needed).

It can be expected that when LTE products exist, then both procedures will be deployed in most products, i.e. both procedures will be equally suitable design bases.
Hence we propose that the LTE-UTRAN/GERAN inter-RAT handover procedure, as seen on the 2G/3G side, shall be an evolution of the current PS Handover procedure.
4. Discussion of alternative solution B

Ref. [23.882] has the following description:
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Figure 1: 3GPP Inter Access System Change between LTE RAN and pre-SAE/LTE 2G/3G RAN for Alternative B

We elaborate the signaling sequence presented in ref. [23.882] chapter 7.8.2, based on the current PS Handover procedure.
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Figure 2: Inter-RAT handover (2G/3G=>LTE) procedure MME / UPE separation 

1)
The IP bearer service is established between the UE and the SAE UPE via 2G/3G access system and 2G/3G MME/UPE (SGSN)

2)
The pre-SAE/LTE 2G/3G Access decides to initiates a handover to LTE Access

3)
The pre-SAE/LTE 2G/3G Access sends a Handover Required to the pre-SAE/LTE 2G/3G MME .

3a)
The 2G/3G MME/UPE selects a SAE MME serving the Evolved RAN nodes the UE is going to use

4)
The 2G/3G MME derives an address of the target SAE MME and sends a Handover Preparation Request to the LTE Access.

5)
The LTE Access sets up user plane contexts for the SAE UE

6)
The LTE Access sends a Handover Preparation Confirm to the SAE MME. The SAE MME sends a Handover Preparation Confirm to the 2G/3G MME.

7)
The 2G/3G MME sends a Handover Command to the UE via the 2G/3G Access.

8)
Data loss may be minimised, e.g by bi-casting or data forwarding. Further details on the data forwarding path are FFS as they depend on the location of header compression and ciphering. In the case of  bi-casting from UTRAN, the RNC forwards the received GTP-U SDUs to the target. In the case of bi-casting from GERAN, the SGSN forwards the received GTP-U SDUs to the target
9)
The UE is detected at the LTE Access.

10)
LTE Access sends a Handover Complete to the SAE MME. The SAE MME initiates the Handover Complete Procedure with the 2G/3G MME.

11)
The 2G/3G MME acknowledges the handover completion towards the SAE MME.

12)
The SAE UPE switches the user plane towards the new LTE Access. The SAE UPE will now forward all downlink packets to the LTE Access.

13)
The resource in the source system is released.
14)
The IP Bearer service is now established between the UE and the SAE UPE via LTE Access and SAE UPE.

15)
The UE updates its location using a Tracking Area Update Procedure with the SAE MME. 
16) The SAE MME will initiate the Register MME procedure with the HSS.
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Figure 3: Inter-RAT handover (LTE=>2G/3G) procedure MME / UPE separation
Note: There are some other minor proposed updates made in figure 2 and figure 3 compared to the corresponding figure in ref. [23.882]. Message 9 has been renamed to handover complete since it is assumed that the RBs can be established and configured already in message 7 (handover command). Message 11 Handover Complete Ack is removed since it is unclear if it is needed.

As described in ref. [S2-062813], the following information shall be included between MMEs to support the signaling sequence:
· The security context of the source system is transferred in the network to the target system and can be used directly by the UE in the target system without any re-authentication and key management signalling. (Note: Special care may need to be taken in the direction GERAN to LTE due to different level of security).

· The UE capability information (e.g. MS network capabilities, UE RAC, MS RAC) shall be provided by the UE to the source system and shall be forwarded to the target system to be used for further handovers.

· The SAE Bearers / PDP context and their corresponding application binding (e.g. filters) of the source system are transferred to the target system, so that they do not need to be re-established in the target system (the context may be converted in the transfer process).

The information listed above is present in the current PS Handover procedure.
It is proposed that RAN-specific information is sent in transparent containers, in order to minimize changes to UTRAN/GERAN. The content of these containers between LTE and UTRAN/GERAN are FFS, except for the air interface handover message. 
It can be noted that the UE RAC and MS RAC information is sent in transparent containers. For minimum impact on GERAN/UTRAN it is proposed to maintain that principle towards LTE.
This proposal complies with the “Source adapts to target” principle in section 2.
It can be noted that at least parts of the forward container data (UE RAC, MS RAC, START_PS) should preferably be stored in the MME (see [S2-062813]). Hence the “final assembly” of the forward containers should be performed by the SAE MME. This means that the containers will only be “transparent” to the 2G/3G SGSN and not the SAE MME.
5. Conclusion

It is proposed that RAN3
1. adopts the “Source adapts to target” principle for LTE Inter-RAT Handover and states this in R3-018 section 7
2. adopts the working assumption that the inter-RAT Handover procedure is based on the PS Handover procedure, as seen from UTRAN/GERAN, and states this in R3-018 section 7
3. add a description in R3-018 that the point of bi-casting should be the UPE (in case of handover from LTE), where the downlink data has not been subjected to Encryption and Header Compression . 
If this text above is agreeable to RAN3 and considering that S2 holds the description of the procedure, RAN3 may send LS to S2 to document the change.
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6.18.1.3 U-plane interruption time

The delay for each category is estimated in Table 6.19.2-3. Depending on the direction of handover, the time taken by the RRC signaling would be quite different as shown on the table. Although these figures are based on speculations, the values are thought to be valid for this case study, neither optimistic nor pessimistic. Based on this table, the interruption time is calculated as follows.

· Inter-RAT HO from 2G/3G to LTE

· UL : 70 ms

· DL : 65 ms (Forwarded data from the source RAN are available)
        79 ms (No forwarded data from the source RAN are available)
· Inter-RAT HO from LTE to 2G/3G

· UL : 260 ms

· DL : 160 ms (Forwarded data from the source RAN are available)
        174 ms (No forwarded data from the source RAN are available)
The requirements for inter-RAT handover in LTE are specified in TS25.913. The most stringent value is 300 ms for RT services between 3G and LTE. As a preliminary result, it can be said this requirement will be fulfilled. 

Note that the similar analysis are applicable to the bi-cast approach since the interruption time (a)+(b) is common and unavoidable even in the bi-cast approach. In detail, the interruption time is expected to be slightly better than the one without data forwarding because (d) is always excluded.
Bi-casting can be performed from a point, where the downlink data has not been subjected to Encryption and Header Compression. This eliminates the need for node processing of forwarded data, which otherwise may add some delay. At inter-RAT handover from LTE this point is the SAE UPE or “higher”. At inter-RAT handover to LTE this point is 2G-SGSN, RNC or “higher”. 
7.1.x Inter-RAT Handover procedure

The inter-RAT Handover procedure, as seen from UTRAN and GERAN, will be based on the Rel-6 PS Handover procedure. 
The procedure will follow the principle “source adapts to target”.
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