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1 Introduction
The handover procedure currently assumed [1] mostly follows that of UMTS at the moment. RAN2 has not discussed it through taking into account the architectural changes and possible protocol optimizations.
In this document we try to raise some issues that we think need to be discussed in RAN2. Finally, we will propose possible protocol changes for the handover procedure. The proposed protocol architecture provides the following benefit.
· Easier inter-operability between eNB implementing different protocol version – Enables frequent protocol upgrades

· Easier inter-operability between eNBs from different vendor

· Simpler protocol
2 Discussions
2.1 Protocol termination for “Handover Command”
It is sensible to assume that the common understanding is that “Handover Command” is an RRC signalling message. In the regular handover, the message is physically transmitted by the source cell. It is however not discussed how the protocol is terminated when the physical network entities are taken into account.
It is natural that the HO command message is created by the RRC in the serving eNB, in case of intra-eNB handover.
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Figure-1: HO command message transfer in case of intra-eNB handover
On the other hand in case of inter-eNB handover, we have to recognize the fact that RRC is terminated in the eNB as opposed to the RNC in UMTS. It is possible that the target eNB supports a newer RRC protocol version with respect to the one that the source eNB implements. The target eNB may want to configure radio parameters that are only realize by the new RRC protocol, which would not be understood by the source eNB.
The following figure shows a scheme where HO command message created by the target eNB is forwarded by the RRC in the source eNB. The handover message is encapsulated into an appropriate RRC message (e.g. “RRC direct transfer”) by the source eNB. The source eNB does not have to understand all the contents in the HO command message (i.e. it just needs to know it is a HO command message, and possibly to where).
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Figure-2: HO command message transfer in case of inter-eNB handover
It should also be noted that integrity protection and ciphering needs to be done by the source eNB. Some RRC header, such as message discriminator and transaction identifier, would need to be added by the source eNB. The HO Command message by the target eNB is encapsulated into the source eNB RRC message. The HO command message alone should be self-decodable.
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Figure-3: HO Command message structure

The proposed scheme avoids the case where a new version radio configuration can not be used due to the fact that the source eNB does not support the corresponding protocol version. Operators can benefit from frequent protocol (incl. Physical layer) upgrades which would result in “spotty” upgraded areas in their network.
2.2 Measurement report handling in case of inter-eNB handover
In E-UTRAN, RRM is more distributed function than that of UTRAN. This means that the source eNB would not have accurate knowledge of the situation of the target eNB. We think that the inter-eNB mobility can be further optimized by making the target eNB process Measurement Report from the UE.
In the currently envisioned scheme, Measurement Report is processed by the source eNB. The responsibility of the source eNB seems to be to only look at the best candidate cell indicated by the UE. The cell is identified with a locally unique identity which would be similar to the scrambling code in UMTS.
It would make sense to send the complete contents of the Measurement Report to the target eNB so that the target eNB can take the best handover decision. This also addresses the fact that the source eNB can not have the perfect knowledge for RRM conditions in the target eNB.
Along with the discussion from the previous section, the typical message exchange in an inter-eNB handover becomes between the UE and the target eNB from logical view point. In the following figure, the brackets “[ ]” indicates the encapsulation of the message.
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Figure-4: Signaling flow for inter-eNB handover

The proposed simple forwarding of the messages eliminates the need of having complicated co-ordination between the source eNB and the target eNB. This would provide great incentive for operators to aggressively employ “multi-vendor” network.
2.3 Necessity of “HO Complete” message
The current working assumption for the handover signaling for LTE is to have the same 3-way handshake (Measurement Report, HO command and HO Complete) as in UMTS.

Our experience tells that relying on HO complete message sometimes leads to unstable protocol behaviors. Indeed, some procedures in UMTS rely on the L2-ACK for the complete message and RAN2 had spent a lot of time to discuss issues around it.
In LTE, we could avoid this by putting necessary information in HO command message or possibly in Measurement Report message. Here it is assumed that the simple indication of the UE having completed the physical part of the handover can be obtained by L1/L2 signaling (e.g. as part of random access in the target cell).

The following table discusses the information elements included in XX_Complete message in UMTS.

	#
	Information Element
	Comments

	1
	RRC transaction identifier
	Would be more useful when a response message from the UE is XX_Failure, so that the network knows in which configuration the UE has failed. For successful cases, this information does not seem to be necessary, unless the network initiates convoluted reconfigurations.

	2
	Activation time for integrity protection in UL
	Can be determined by the network and included in the HO Command message. This would anyway be desirable for the simplicity of the security procedure in LTE, even without the discussion of the present document.

	3
	Ciphering activation time for RB using RLC-TM
	Not relevant any more in LTE where ciphering for RLC-TM relying on RLC sequence number is not envisaged.

	4
	PDCP sequence number info to support lossless SRNS relocation
	It is our understanding that lossless SRNS relocation does not have to rely on the information from the UE [2].

	5
	START values for COUNT-C initialization (SRNS relocation)
	Same as #2


From the above discussions, it is hard to see a real benefit of having the HO Complete message in LTE. RAN2 should discuss this aspect as a part of the effort to achieve “minimized complexity” for LTE [3].
3 Conclusion
In this document we proposed a new architecture for handover procedure. It was shown that the proposed protocol architecture provides the following benefit.

· Easier inter-operability between eNB implementing different protocol version – Enables frequent protocol upgrades

· Easier inter-operability between eNBs from different vendors
· Simpler protocol

RAN2 is asked to discuss the possibility of;
· Having the logical protocol termination between the UE and the target eNB for inter-eNB HO signalling

· Eliminating the HO Complete message in LTE
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