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1. Introduction
This paper details the RANAP-based proposal for HNB-GW controlled inter-HNB mobility of connected mode UEs, which can be considered a completion of the mechanism in Section 5.7.2 of TS 25.467 V9.1.0 [2]. It addresses key points concerning handling of certain RANAP procedures and the Iu User Plane.
The overarching goal of the mobility proposal in this document is to apply to a broad set of scenarios and deployments including different versions of the Iu UP protocol and different capabilities of HNBs. Specific goals of the proposed technique include the following:

1. No new interfaces or protocols.
2. Ensure transparency of the mechanism to the core network in both control and user planes for intra-HNB-GW mobility.
3. Reuse RANAP for inter-HNB mobility since it is essential to macro-HNB mobility.
4. No Stage 3 changes to any protocols or messages. In other words, the proposed mobility mechanism is entirely based on specifying the role of the HNB-GW and does not require HNBs to do anything that they do not already do for Rel-8 or Rel-9 compliance. We believe this also enables the shortest time for intra-HNB-GW mobility to be offered in real deployments
5. No restriction that the two HNBs involved in the UE’s mobility should be of the same origin (vendor) and/or capabilities. It is important to note that there is no such stated restriction or requirement stated. If there were, there would be no issues of interoperability, and hence no need to standardize a mobility mechanism since it could be handled entirely by proprietary methods or implementation within the specific deployment.
6. No restriction on the version of Iu UP protocol in use.

2. Discussion
The HNB-GW based inter-HNB mechanism specified in Section 5.7.2 of TS 25.467 V9.1.0 [2] relies on existing RANAP message exchanges for relocation, and on RUA to carry the RANAP messages. The pictorial representation is reproduced below.
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Figure 1: Connected mode Intra-HNB-GW mobility in 25.467 V9.1.0
While the above figure depicts a complete mobility signalling exchange, it is worth clarifying the functionality of the HNB-GW relating to inter-HNB relocation in two key aspects: handling of certain RANAP procedures, and handling of the Iu UP protocol and the user plane in general.
2.1 RANAP procedure handling

The following RANAP procedures need to be handled by the HNB-GW in order to shield the CN from inter-HNB mobility.
1. Location reporting control: The CN may request the UTRAN to report periodically and/or report on change of SA. Since intra HNB-GW relocation signalling does not involve the CN, and currently the HNB-GW and the source HNB do not have a method to forward the information on location reporting to the target HNB, the target HNB cannot perform the report of the location of the UE. Therefore in order to solve the problem described above, the following mechanism can be utilized.
Solution: The HNB GW appears as logical RNC towards the CN. Therefore, the HNB-GW will terminate the RANAP LOCATION REPORTING CONTROL message and RANAP LOCATION REPORT message. In case of intra-HNB-GW relocation, the HNB-GW recognizes both the SA of the source HNB and the target HNB and can detect a change, but the source and target HNB are not aware of each other’s SA and cannot detect the change. Therefore, the HNB-GW can provide the location report to the CN on change of SA. In the case of periodic location reporting, two options are possible: (a) the HNB-GW relays the RANAP LOCATION REPORTING CONTROL message to the target HNB, possibly updated to indicate the remaining number of reports required after relocation, or (b) the HNB-GW directly provides the remaining location reports to the CN without involving the target HNB. If there is a new RANAP LOCATION REPORTING CONTROL initiated by the CN after relocation, the HNB-GW relays it to the new HNB unmodified, and the rest of the procedure is as described above.

2. Data volume reporting: The UTRAN reports the IE "Unsuccessfully Transmitted DL Data Volume" in RANAP IU RELEASE COMPLETE when the call is finally released and this information can be used by CN as the charging policy may depend on successful packet count. In case of Intra-HNB-GW relocation, the Iu connection towards the CN is not released even though the HNB-GW initiates an Iu Release towards the source HNB; therefore “Unsuccessfully Transmitted DL Data Volume” needs to be maintained until the Iu connection towards the CN exits due to call release.

Solution: The HNB-GW accumulates data volume reports from the different HNBs involved in a UE’s mobility and reports the final value to the SGSN at RAB release.
3. Parameters needed to compose RANAP Relocation Request message: The HNB-GW needs to populate the RANAP RELOCATION REQUEST message towards the target HNB. In order to accomplish this, the HNB-GW needs to have the necessary RAB and security parameters.

Solution: The HNB-GW can maintain a list of the active RABs (the list is typically small) along with the RAB Parameters IE. Additionally, if the CN included the Alternative RAB Parameters IE in the RAB Assignment Request to indicate that QoS negotiation is allowed, the HNB-GW would store this IE. It is also possible that the source HNB returned the Assigned RAB Parameter Values IE in the RAB Assignment Response. If so, the HNB-GW would store this as well. 

The HNB-GW can obtain the IMSI from the Common ID procedure. It also caches the most recent Security Mode Command since that contains the Integrity Protection Information IE and Encryption Information IE. Note that chosen integrity protection and encryption algorithms as well as the keys are included in the Source RNC to Target RNC Transparent Container IE in RANAP Relocation Required message sent by the source HNB. The CSG Id and Cell Access Mode can be obtained from the HNBAP HNB and UE registration messages (they are also included in the RANAP Relocation Required message sent by the source HNB).

Note that the HNB-GW does not have to create these IEs, but only retrieve and store them.
4. QoS Negotiation: During RAB assignment, the CN can indicate in the RANAP RAB ASSIGNMENT REQUEST message whether QoS negotiation is possible, and may additionally suggest alternative values for key parameters. When relocating such a RAB, as per Section 8.7.2 of TS 25.413 [5], the target HNB must successfully relocate the RAB with its current set of parameters. If the target HNB assigns the resources with RAB parameters different from those at the source HNB, there are two alternatives: (a) the HNB-GW cancels the relocation and initiates relocation through CN, or (b) the HNB-GW initiates a RAB modify request procedure to the CN.
2.2 Iu UP Handling

Since the proposed mechanism makes no assumptions on the Iu UP protocol version supported, it is assumed that the HNB-GW terminates the Iu UP protocol and conjoins the CN((HNB-GW leg with the HNB-GW((HNB leg. Given this implementation choice, the following describes how Iu UP protocol procedures specified in TS 25.415 [3] are addressed.
2.2.1 Transparent mode

Iu UP operation in Transparent Mode does not involve any Iu UP protocol exchanges, and hence does not require any special support from the HNB-GW in this regard. It only involves transparent data transfer.

2.2.2 Support Mode procedures and parameters
This section details the handling of Iu UP Support Mode procedures during relocation. 
1. Frame Quality Classification: As per [3], the FQC IE is added by the sending RNC (HNB) on a per frame basis to indicate whether erroneous frames should be forwarded by the CN. This is done on a frame-by-frame basis and is hence a stateless procedure that is independent of mobility. Therefore, the HNB-GW simply relays the messages between the HNB and CN and does not need further involvement.
2. Initialisation: As per [3], the invocation of this procedure is mandatory for support mode, and is performed by the RAN node at RAB assignment and SRNS relocation. Therefore, regardless of the protocol used for mobility signalling, the target HNB will invoke this procedure on receiving the relocation request for the UE. The Initialisation shall not be re-invoked by the serving RAN node for the RAB without a RAB modification requested via RANAP. In the interest of shielding the CN from inter-HNB mobility, the HNB-GW terminates the Iu UP Initialisation message by responding with an INITIALISATION ACK or NACK as appropriate (as per [3], a NACK is sent if the IuUP Init frame is incorrectly formatted or if the receiving node does not support the Iu UP mode version. Upon reception of a NACK, the Iu UP Init will be resent. After NINIT successive NACKs, erroneous ACKs or TINIT expiry for Iu UP Init frames, the Iu UP protocol layer in the HNB takes appropriate local actions). 
It may happen that there is a mismatch between RFCI values sent from the SHNB and THNB. In that case, since the HNB-GW is aware of the initial parameters negotiated for the RAB from the initial exchange between the source HNB (or HNB that first registered the UE) and the CN, the HNB-GW can therefore provide the necessary RFCI values mapping across the two legs.
3. Rate control: As per [3], Rate Control is invoked in order to modify the maximum bit rate over Iu, and can be initiated either by the RNC or the CN. The procedure is the same even when the peer Iu UP entity is the TrFO partner. In case of SRNS relocation, the target does not invoke rate control until it has received the relocation execution trigger, for instance, from the Uu interface. Further, as described in Section 6.5.3.2A of [3], the most recent Rate Control procedure takes precedence and any previous unacknowledged Rate Control procedure is discarded. Therefore, this is a stateless procedure that is independent of mobility, and the HNB-GW only needs to transparently relay
 rate control frames between the HNB and CN.. 
4. Time alignment: As per [3], Time Alignment is a non-mandatory procedure that may be invoked to minimise the buffer delay in RNC by controlling the downlink transmission timing in the peer Iu UP protocol layer entity. Time alignment is dismissed for TFO and TrFO (Section 6.1.2 of [4]). The granularity of time alignment is 500 microseconds. This is a stateless procedure that is independent of mobility. Therefore, the HNB-GW transparently1 relays the messages between the HNB and CN and does not need further involvement.
Remark: The Time Alignment procedure would be effective when (i) the transport network underlying the Iu interface is capable of deterministic delays, and (ii) the RNC is constrained by processing demands that could result in increased buffer delays. In HNB deployments, the Iu interface is carried on variable-delay IP networks between the HNB-GW and the HNB, and hence deterministic delays are hard, if not impossible, to achieve. On the other hand, buffer delay management at HNBs is an implementation issue, and so it is reasonable to expect that HNBs would effectively manage buffer delays. Therefore, the efficacy and practically achievable benefit of the Time Alignment procedure for HNB deployments is questionable.
2.2.3 Other user plane considerations

1. Iu UP frame numbers: Iu UP frame numbers can be based either on time (in increments of Iu Timing Interval, which in turn is dependent on the RAB and is the ratio of maximum SDU size and maximum bitrate) or by Iu UP PDU numbers. It is only 4 bits, and thus rotates every 16 frames. For conversational RABs (including AMR speech) the frame number is based on time, and the HNB-GW does not need to map frame numbers after relocation. Any missing frames are handled by the AMR codec as appropriate. In case frame numbers are based on Iu UP PDU numbers, a frame is considered lost if there is one missing frame in a sequence. An unexpected frame number is not considered a loss. However, the HNB-GW can perform frame number mapping to ensure continuity.
2. RTP Sequence numbers: For IuCS-over-IP, Iu UP frames are carried by RTP/UDP/IP between the HNB and the CN, via the HNB-GW. For uplink transmissions, the CN expects consistent RTP sequence numbers and timestamps regardless of inter-HNB relocation. The HNB-GW, by virtue of being an anchor node, is fully aware of uplink RTP session parameters and can ensure the necessary consistency with both sequence numbers and timestamps.
2.3 Summary of discussion
The above discussion clearly shows that the RANAP-based HNB-GW controlled mobility mechanism that exists in Section 5.7.2 of TS 25.467 V9.1.0 can be practically realized by Stage 2 clarifications comprising of functionality description, particularly that of the HNB-GW. We reiterate that no Stage 3 changes have been proposed or needed.
3. Conclusion

The above discussion demonstrates that the proposed HNB-GW controlled mobility mechanism is eminently capable of handling RANAP-based mobility messaging as well as providing almost completely transparent handling of the Iu User Plane. It is important to note that no protocol changes are necessary, and all the necessary functionality is localized to the HNB-GW, and shows that the existing specifications need only clarify this functionality at most. Needless to say, this eliminates the need for HNB development and the attendant interoperability tests.  Therefore:
Proposal: The co-sourcing companies propose that the mobility mechanism in Section 5.7.2 of [2], and necessary clarifications described in this document be adopted for HNB-GW controlled Cell_DCH mobility.
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� Annex A.3 of TS 29.232 � REF _Ref268795507 \r \h ��[6]� describes transparent relaying of Iu UP control frames such as FQC, Rate Control and Time Alignment frames transparently across a MGW that links two separate Iu interfaces.
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