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1. Introduction

In this contribution we investigate the procedure of inter-RAT mobility between LTE access and WCDMA-HS access in two architecture alternatives. In the first architecture alternative we assume that the WCDMA-HS access is integrated into the LTE architecture, which means that for WCDMA-HS Rel8 the same LTE protocol stack is applied as for the OFDM access, and the WCDMA-HS NodeBs are connected to the Access Core Gateway (ACGW) node via the S1 interface. In the non-integrated architecture the WCDMA-HS access goes via the pre-SAE / LTE system and the WCDMA-HS Rel8 protocol stack is independent of the LTE Rel8 protocol stack.
Regarding the LTE protocol stack in the two architectures we take different assumptions. In the integrated case we assume that the RRC protocol and the outer ARQ protocol are terminated in the ACGW, which is actually what enables to integrate WCDMA-HS into the LTE architecture. In the non-integrated case we assume that in the LTE protocol stack the RRC and outer ARQ protocols are terminated in the NodeB.

· Integrated Architecture: WCDMA-HS access is integrated into the LTE architecture. (LTE architecture: RRC and outer ARQ terminated in the ACGW)
· Non-Integrated Architecture: WCDMA-HS access is not integrated into the LTE architecture. (LTE architecture: RRC and outer ARQ terminated in the NodeB)
The two architecture alternatives for the inter-working of WCDMA-HS and OFDM accesses are illustrated in Figure 1. The integrated architecture is discussed in more details in [1].
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Figure 1: Architecture options for the inter-working of WCDMA-HS and LTE
2. Discussion

The deployment of OFDM access will be most likely done in a step-wise approach, where OFDM access will be first deployed in hot-spot areas providing only sporadic coverage. In such a scenario it is important that the system provides a smooth fallback to a default access type, which should in most cases, be WCDMA-HS as it best matches the capacity and the performance properties of OFDM access. That is, WCDMA-HS can provide the minimal disruption in the user perceived quality when the UE falls back from OFDM access. However, in order for the user perceived disruption to be really small it is vital that the system provides a low interruption time handover between these access types.  
In the integrated architecture the same handover procedure is applied for IRAT handovers between WCDMA-HS and OFDM as it is used for intra-OFDM handovers. This is due to the fact that the protocol stack would be the same for both accesses, which allows for instance, to preserve the protocol states and UE contexts in the ACGW, while going between the two accesses. 
In the non-integrated architecture, the change of access type will be a PS relocation procedure, which is more complicated than an intra-LTE handover and therefore necessarily takes a longer time as well. In this case it is also important to note that performing a PS relocation whenever a UE moves in and out of OFDM access may negatively impact the pre-SAE / LTE system as well. The signaling associated with frequent relocations will significantly increase the load on the 3G SGSNs. Moreover, a PS relocation involves a Routing Area Update (RAU) each time an IRAT handover is made. That is, location information will need to be updated in the HLR, which would significantly increase the load on the HLR.
In the rest of the paper we analyze the IRAT handover procedures and try to quantify the user perceived service interruption times and the handover preparation times for both architecture options.
3. Integrated Architecture
The message chart of the handover procedure is shown in Figure 2. It is the same procedure that is used for intra-OFDM handovers and that has been discussed and analyzed in details in [2]. 



Figure 2: IRAT handover, valid both for HS -> LTE and LTE->HS
- Integrated Architecture -

The message chart shows the delay associated with the individual messages and the resulting preparation time and interruption time. To denote the delays of single messages we write the sum of the transmission delay and the processing delay at the endpoint of the message arrow. The assumed delay parameters are summarized in Table 1. (The table shows also parameters that are relevant only for the non-integrated architecture.)
In the integrated architecture the IRAT handover decision is made by the ACGW, which receives IRAT measurement reports from the UE and possibly cell measurement information from other NodeBs. The ACGW sends RRC command to the UE to perform an IRAT handover. During the inter-system change the RRC connection and the outer ARQ state are preserved in the ACGW. When the UE switches to the new access type the data transmission can be continued with the next expected RLC PDU. 
Since the handover control is located in the ACGW also for the inter-RAT handovers both the preparation time and the interruption time can be kept short. The preparation time would be exactly the same as for an intra-OFDM handover. Keeping a short preparation time is important both from a radio efficiency and also from a user perceived quality point of view. If the preparation takes a long time the UE may move out of the coverage of its current access before it could have changed to the new access.

The interruption time compared to an intra-OFDM handover increase only with the delay that is needed for the UE to switch its radio rx/tx from one access to the other. This delay is assumed to be 40 ms in this case. Otherwise the IRAT handover would have the same delay as the intra-OFDM handover.
Note also that the above message chart and delay calculation holds for IRAT handovers both when the UE goes from WCDMA-HS to OFDM access and vice versa.
	UE-RNC UL/DL delays (WCDMA)
	25 ms

	UE-ACGW UL/DL delays (LTE)
UE-NodeB UL/DL delays (LTE)
	7 ms
2 ms

	CN and Iu transmission delays
	1 ms

	Message processing times WCDMA / LTE
	5 ms / 2 ms

	RAB setup time (WCDMA)
	60 ms

	Radio switchover time + synch time at UE
	60 ms


Table 1: Assumed delay parameters

4. Non-Integrated Architecture

The message chart of the IRAT handover when going from OFDM access to WCDMA-HS in the non-integrated architecture is shown in Figure 3. 
In this architecture the source NodeB has to instruct the UE to perform inter-RAT measurements and it has to decide when to perform an inter-RAT handover. It is unclear, however, how the NodeB can receive cell resource information about WCDMA cells, which could be necessary for the handover decision. Supporting an interface from each LTE NodeB to a 3G RNC seems to be infeasible. 
The handover procedure is initiated by the s-NodeB which requests the relocation from the ACGW by identifying the target RNC. The ACGW forwards the request to the corresponding SGSN, which, in turn, requests RAB setup from the RNC. After the relocation response gets back to the ACGW, it triggers the relocation by sending the Relocation Command to the s-NodeB. In response to the command the s-NodeB sends out the RRC handover command to the UE and at the same time starts the backward forwarding of remaining PDUs to the ACGW. These are RLC/PDCP PDUs, for which header compression and ciphering had been already applied at the ACGW. Now, the ACGW has to decipher them and then forward them to the target RNC. Deciphering is needed, since the protocol format and even the ciphering algorithms will most likely be different in the LTE and in the WCDMA system, even though the ciphering keys are assumed to be preserved. 
After the UE switches its radio and synchronizes at the target WCDMA NodeB and sends the RRC handover complete message, data transmission may be started between the RNC and the UE. Then, the SGSN asks the reconfiguration of the packet routing from the ACGW by sending the PDP context update requests. When this is accomplished packets will flow from the ACGW toward the SGSN and the ACGW will acts as a GGSN. Note that until that point the packets are flowing on the route ACGW-sNodeB-ACGW-RNC with ciphering and deciphering applied in succession.
Finally, the UE has to perform a routing area update with the new SGSN, which will result in the update of the location information in the HLR. Since IRAT handovers may happen quite frequently due to the sporadic coverage of OFDM access, the load on the HLR could increase significantly.

The estimated preparation time is 106 ms, while the interruption time is 115 ms. Both of them are larger than in the integrated architecture. Although the user perceived performance in case of the two architectures may not be substantial, the PS relocation is a more complicated scheme, it involves more signaling exchanges, larger messages over the radio interface and results in larger impacts on the pre-SAE / LTE system.
The procedure is similar when making the IRAT handover in the other direction, i.e., when going from WCDMA-HS to LTE. Therefore it is not discussed here in details. The corresponding message chart can be found in the Appendix. The preparation time and the interruption time are somewhat lower due to the shorter delays in the LTE architecture. The estimated preparation time is 100 ms, while the interruption time is 96 ms, in this case.


Figure 3: IRAT handover LTE->HS
- Non-Integrated Architecture - 
5. 
Conclusion

In this contribution we have analyzed and compared the inter-RAT handover schemes between WCDMA-HS and OFDM in two architecture alternatives, one where WCDMA-HS is integrated into the LTE architecture and another one where WCDMA-HS is kept as a separate system. The following drawbacks and problems have been identified in case of a non-integrated architecture:
· Both the preparation time and the interruption time are larger in the non-integrated architecture. The interruption time exceeds 100 ms, which could result in a noticeable disruption in the user application, especially for real-time services (e.g., VoIP).

· The PS relocation is a more complex procedure, which involves a higher number of nodes including pre-SAE / LTE nodes as well and results in more signaling exchanges between these nodes.  
· The forwarding of data from an LTE NodeB to a WCDMA RNC (when making a handover from OFDM access to WCDMA-HS) has an additional complexity due to that packets first have to be sent back to the ACGW and deciphered before they can be forwarded to the RNC.
· There could also be a negative impact on the pre-SAE / LTE system in terms of excessive load on the 3G SGSN and HLR as a result of frequent relocations, which may occur often due to the sporadic coverage of OFDM access.
· It is unclear how the LTE NodeB can collect cell resource information about WCDMA cells and how it would obtain information of UE subscription on roaming restrictions, which would all be needed to make the IRAT handover decision.
· The possibility of using shared networks both for WCDMA-HS and OFDM access in a flexible way will not be available in the non-integrated architecture. In contrast, the integrated architecture enables to use the shared network concept also for WCDMA-HS access and in a flexible combination of a shared use of OFDM access (e.g., sharing WCDMA-HS access without sharing OFDM access).
Based on the above considerations on system performance and complexity we propose to integrate WCDMA-HS into the LTE architecture.
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7. Appendix
The message chart of the handover procedure when going from WCDMA-HS to OFDM access in the non-integrated architecture is shown in Figure 4.


Figure 4: IRAT handover HS->LTE 
- Non-Integrated Architecture - 
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