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1 Introduction 
This is a text proposal to introduce architectural aspects of CELL_FACH etc mobility into TR37.803.
The text proposal contains solutions in subclause 6.1.1.2 from NEC (Variant 1a), Huawei (Variant 1b), NSN (Variant 1c), Alcatel-Lucent(2), and ZTE (3). 

2 Text Proposal

6.1.1 Enhanced Mobility in CELL_FACH, CELL_PCH and URA_PCH
6.1.1.1
Problems to be solved.

6.1.1.1.1
CELL_FACH mobility Support for CSG-capable UEs
The Problem is identified in LS from RAN2 [1]:
It is stated in the RAN2 specifications 25.304 and 25.367 that autonomous search used for cell reselection to CSG/Hybrid cells is applicable in Idle Mode, CELL_PCH and URA_PCH states, but not CELL_FACH. This means that if a CSG/Hybrid cell is not included in the Neighbour Cell List (NCL), a CSG capable UE will not find the neighbour CSG/Hybrid cell in CELL_FACH state. However, if the CSG/Hybrid cell is included in NCL then the legacy measurement, search, and reselection criteria applies, and any UE can find the CSG/Hybrid cell.
6.1.1.1.2
Target HNB acquiring the UE context from the source HNB.
In macro networks the UE context is acquired from the source RNC by the RNC managing the reselected cell by reference to the UE’s U-RNTI. For HNB systems (pre Rel-11) U-RNTI assignment is managed independently by each HNB and hence it is not possible for the HNB or HNB-GW to determine the source cell (HNB) using the UE’s U-RNTI. 

6.1.1.2
Possible solutions

6.1.1.2.1
CELL_FACH mobility Support for CSG-capable UEs
6.1.1.2.2
Target acquiring UE context from the source HNB
Solution 1:Assignment of U-RNTIs by the HNB-GW.
Variant 1a: URNTI Reassignment during UE Registration

When a UE first connects to a HNB, the HNB retrieves a unique U-RNTI from the HNB-GW for the UE. This therefore would provide a single, central place to allocate U-RNTIs, and hence in theory this could provide a guarantee that each U-RNTI allocated is unique across all HNBs registered with that HNB-GW, provided that all HNBs support that functionality.  A similar scheme, maintains the HNB as the “allocator” of the UE’s U-RNTI,  but with a variation and involves enhancement of the HNBAP UE REGISTRATION procedure to allow the HNB to inform the HNB-GW about the U-RNTI(s) assigned to the UE. The HNB-GW is then able to respond with different U-RNTI(s) in case these values are already in use by another HNB registered with that HNB-GW. In case the U-RNTI value(s) suggested by the HNB are not accepted by the HNB-GW, the HNB performs the RRC RECONFIGURATION procedure towards the UE. 
Such a scheme should allow a THNB to query the SHNB from the HNB-GW using the UE’s U-RNTI.
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Figure 6.1.1.2.2.1: Intra HNB GW Intra CSG Mobility in CELL FACH state U-RNTI Management

The description of the procedure assumes the following:

· UE-1 has one or more active PS session on source HNB but has moved to the CELL_FACH state

· The UE is able to find CSG/Hybrid cell assuming that CSG/Hybrid cell is configured in the NCL as already clarified by RAN2[3]. In case CSG/Hybrid cell is not configured in the NCL, autonomous search function in CELL FACH state is FFS (based on the RAN2 work).

1.
UE re-selects to Target HNB while in the CELL_FACH state.

2.
UE sends a Cell Update message to Target HNB including the U-RNTI assigned to the UE by Source HNB. 

3.
The Target HNB sends HNBAP UE Signalling Transfer message to the HNB-GW including the U-RNTI value and the received Cell Update message. U-RNTI is included as a separate IE to prevent the need for HNB-GW to decode the Cell Update message to know the U-RNTI.

4.
The HNB-GW looks up the UE's Context based on the U-RNTI value and determines that the UE is currently registered on Source HNB. In case, the target HNB belongs to different CSG than the source HNB, access control of the UE is FFS.
5.
The HNB-GW sends to the Source HNB the HNBAP UE Signalling Transfer for that UE with Cell Update message. HNB-GW shall include Context ID as the Routing Information. HNB-GW shall also send target RNC-Id and target Cell-Identity information to the Source HNB to enable Source HNB to encode RANAP Relocation Required message.

6     The Source HNB decides to relocate the UE to the Target HNB. The Source HNB sends an RNA: CONNECT message containing an RNSAP: ENHANCED RELOCATION REQUEST message to the Target HNB to prepare the Target HNB for relocation.
7. 
The Target HNB sends an RNA:DIRECT TRANSFER message containing an RNSAP:ENHANCED RELOCATION RESPONSE message back to the Source HNB.
8.
The Source HNB may send RNA: DIRECT TRANSFER message containing an RNSAP: RELOCATION COMMIT message, to commit the relocation preparation on the Target HNB.

9.
Target HNB sends UE e.g. RRC Cell Update Confirm message to inform the new S-RNTI for the UE.

10.
Target RNC receives the UTRAN Mobility Information Confirm from the UE.
11.
The rest of the relocation procedure continues as in the Steps 7, 8, 9 of TS 25.467 Figure 5.7.2.1-1.
The solution does not require any new functionality in the UE. In other words, the existing macro behaviour where U RNTI is used at the target to detect the source RAN node is kept unchanged.

However there are some drawbacks to this solution:

· If the HNB-GW determines a clash of U-RNTIs the HNB will have to perform an RRC Reconfiguration procedure to the UE, which can add additional delay. 
· It is very likely that any one HNB-GW will have to support HNBs that comply to different releases of the 3GPP specification, i.e. a “mixed release network”. Therefore HNBs that are registered with the HNB-GW, but are from a previous release will not support the procedure to allow the HNB-GW to allocate URNTIs on their behalf and will still allocate URNTIs autonomously. So U-RNTI uniqueness cannot be guaranteed. In addition the HNB-GW implementation would most likely need to include mechanisms to “audit” the allocation of U-RNTIs across it’s supported HNBs, so as to prevent U-RNTIs being lost (i.e. never being unallocated) during errors etc. 

· The HNB-GW needs to update the U-RNTI/UE-Context to point to the new HNB as otherwise the Cell/URA update will always be sent to the HNB that first registered the UE. The update needs to be done only upon successful completion of the handover procedure.
Variant 1b: URNTI Range Assignment during HNB Registration

The HNB reports the capability or a URNTI range request to the HNB-GW by sending the HNB REGISTER REQUEST message. The HNB-GW can assign the size of the U-RNTI range according to the capability or the URNTI range request of HNBs. E.g. an enterprise HNB can support 16 concurrent users, the HNB-GW can assign 24 or 32 URNTIs for this HNB. During the HNB CONFIGURATION TRANSFER, this range can be exchanged between HNBs if there is a possible Iurh connection. When a UE in Cell_FACH/CELL_PCH/URA_PCH reselects to the target HNB, the target HNB can know the source HNB via the URNTI directly without any extra signalling via the HNB-GW. The current signalling for existing mobility procedures are preserved.
For mobility between HNBs with the Iurh connection, the HNB can get the URNTI range of the other HNBs via the HNB CONFIGURATION TRANSFER via the HNB-GW. The target can identify the source by the U-RNTI in the CELL UPDATE message without via HNB-GW.
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Figure 6.1.1.2.2.2 Example Procedures for URNTI Range Assignment during HNB Registration
1. The HNB sends the HNB Register Request to the HNB-GW with the capacity of the HNB.
2. The HNB-GW response HNB Register Accept to the HNB with a range of URNTI for the HNB.
3. The HNB requests the configuration of the Target HNB(s) by sending HNBAP HNB Configuration Transfer Request to the HNB-GW.
4. The HNB-GW response the range of URNTI for the target HNBs with other parameters.
At some point later the UE reselects to the THNB as follows.

1. The UE sends Cell Update to a HNB with Cause = Cell Reselection. 

2. The target HNB identify the source HNB based on the range information of the neighbour HNBs.
3. The target HNB includes the Cell UPDATE in the Uplink Signalling Transfer Indication message to the source HNB via Iurh.
4. A relocation is triggered to relocate the UE context from the source to the target HNB.
5. The target HNB then confirms the Cell Update to the UE 
6. The UE responds with a UTRAN Mobility Information Complete.
However there are some drawbacks to this solution:

· This solution is only applicable to the mobility between R11 HNBs.
· It is very likely that any one HNB-GW will have to support HNBs that comply to different releases of the 3GPP specification, i.e. a “mixed release network”. Therefore HNBs that are registered with the HNB-GW, but are from a previous release will not support the procedure to allow the HNB-GW to allocate URNTIs on their behalf and will still allocate URNTIs autonomously. So U-RNTI uniqueness cannot be guaranteed. In addition the HNB-GW implementation would most likely need to include mechanisms to “audit” the allocation of U-RNTIs across it’s supported HNBs, so as to prevent U-RNTIs being lost (i.e. never being unallocated) during errors etc. 

· A central allocation scheme such as this will also limit the total number of URNTIs that can be allocated to 2^20, which in turn places a limit on the number of UEs that can be supported by HNBs accessing that HNB-GW. Such a limit may be undesirable. 
· The target HNB needs to assign a U-RNTI out of its U-RNTI range to the UE during RRC Cell Update Confirm, as otherwise all nodes previously informed by the source HNB need now be informed that this specific U-RNTI value is now hosted by another HNB.
Variant 1c U-RNTI Management by HNB-GW

During the HNB-Registration process the HNB-GW provides a list of U-RNTI values (or a U-RNTI value plus a range of subsequent values) available for exclusive usage by the HNB. An HNB may indicate during HNB Registration the number of requested U-RNTI values. Reason being that the number of UEs HNBs are able to support might be different, or the number of U-RNTIs a HNB has to assign might depend on the HNBs role within the femto network (e.g. HNBs located close to the entrances of an enterprise or mall area). The U-RNTI once assigned by an HNB is not changed until the UE leaves the coverage area of the HNBs connected to the same HNB-GW, e.g. when handed over to a macro NB/RNC. 

The following procedures are described in the next section showing applications of such a centrally managed U-RNTI assignment scheme:
· HNB and UE registration in section below
· UE mobility:

· Cell Update to a second HNB, in ‘UE Mobility: Cell Update to HNB#2’
· HO from a first to a second HNB followed by Cell Update to a Macro NB, in Section ‘UE mobility: HO from HNB#1 to HNB#2 followed by Cell-update to macro NB’.

Section on ‘Support for mixed HNB releases’ describes how different HNB releases can be supported.

HNB registration and UE registration

The message flow depicted below shows one possibility for U-RNTI management by the HNB-GW not introducing additional delays in UE REGISTRATION procedure.
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Figure 6.1.1.2.2.3: U-RNTI coordination at the HNB-GW
1) HNB sends HNB REGISTRATION REQUEST to HNB-GW, optionally indicating the number of U-RNTI values it want to get assigned

2) HNB-GW accepts the HNB REGISTRATION and additionally provides a list of U-RNTI values the HNB may assign to UEs.

· The HNB-GW, when granting a given set of U-RNTI values to a requesting HNB, marks those U-RNTI values as being assigned to this HNB.

3) UE sends RRC Connection Request. 

4) In answering with RRC Connection Setup the HNB assigns a currently unallocated U-RNTI value out of the list of U-RNTI values previously received from the HNB-GW.

5) RRC connection setup is completed

6) HNB needs to register the newly attached UE with the HNB-GW and the HNB-GW is informed about the assigned U-RNTI being now in use by the HNB performing the UE Registration. The HNB may optionally indicate the need for more U-RNTIs for future assignment.

7) HNB-GW accepts the registration and optionally, if the number of U-RNTI values still available at the HNB is below a minimum, it includes a new set of U-RNTI values to the HNB.

· The HNB-GW when accepting the UE registration marks the U-RNTI value indicated in the UE REGISTRATION REQUEST message as “assigned to UE” and additionally stores the information where to retrieve the corresponding UE context. As long as the UE is not handed-over to another HNB, the information about the HNB that was initially assigned the U-RNTI and the HNB where to retrieve the UE context are identical.

UE mobility: Cell Update to HNB#2

The message flow given below provides details of how the UE context is retrieved based on the U-RNTI contained in the CELL UPDATE message. 
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Figure 6.1.1.2.2.4: U-RNTI coordination at the HNB-GW: Cell Update to other HNB
1) HNB#1 and HNB#2 register with the HNB-GW, being provided with U-RNTIs.

2) The UE connects to HNB#1, which registers the UE with the HNB-GW, which is informed about the U-RNTI “in use” at HNB#1.

3)
The UE changes from CELL_DCH state to e.g. CELL_FACH state and due to physical movement, it discovers an acceptable other HNB cell.

4) UE performs Cell Update procedure and presents the previously assigned U-RNTI to the selected HNB.

· The receiving HNB needs to query the HNB-GW about the HNB that is known to currently host the UE context.

There are two possibilities to request for the HNB holding the UE context denoted by the indicated U-RNTI. Either:
5a/5b) Request the HNB-ID from the HNB-GW, holding the UE context denoted by the received U-RNTI.

· The HNB-GW, when retrieving the request about the HNB last serving the UE, stores the identity of the requesting HNB as the “next serving” HNB.

5c)
Like in between macro RNCs, the RRC Cell Update is forwarded to HNB#1via RNSAP means.

or:

6a/b) The RRC Cell Update is forwarded to HNB#1 via the HNB-GW by HNBAP means. As after step 5b, the HNB-GW memorizes the fact that the UE context denoted by the U-RNTI is being transferred to HNB#2

7) The receiving HNB, triggers RNSAP relocation. Upon HNBAP Relocation Complete the UE context can be regarded as being successfully transferred to HNB#2.
UE mobility: HO from HNB#1 to HNB#2 followed by Cell-update to macro NB

The message flow given below provides details how to keep the information about the “last” serving HNB up to date in the HNB-GW. This is considered key for scenarios, where a UE first is handed-over to an HNB of e.g. in case of enterprise or mall scenario and then in turn is handed over to a series of other HNBs, before the UE state changes from CELL-DCH to any other non-CELL_DCH state.
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Figure 6.1.1.2.2.5: U-RNTI coordination at the HNB-GW: HO followed by Cell Update to macro NB
1) HNB#1 and HNB#2 register with the HNB-GW, which in turn provides U-RNTIs for being assigned to UEs.

2) The UE connects to HNB#1, the HNB-GW marks the U-RNTI as being “in use” in HNB#1.

3) The UE, in e.g. CELL_FACH, moves to HNB#2 and the HNB-GW is informed about the U-RNTI “in use” in HNB#2. 

4) The UE performs Cell Update procedure and presents the U-RNTI assigned originally by HNB#1 to the RNC controlling the selected cell. 

· Based on the RNC-ID which is part of the U-RNTI the receiving RNC is starting RNSAP procedure towards the HNB-GW.

5) The received U-RNTI is passed to the HNB-GW via RNSAP Uplink Signalling Transfer Indication.

· The HNB-GW, when retrieving the information about the last serving HNB, stores the identity of the requesting RNC as “next” serving node.

6) The HNB-GW relays the RNSAP Uplink Signalling Transfer to the serving HNB#2

7) The HNB#2 triggers an Enhanced Relocation procedure, during which the U-RNTI will be released from being in use, hence being “freed” for further usage.

Support for mixed HNB releases

To allow for a mixed deployment of HNBs supporting central U-RNTI management and HNBs not supporting central U-RNTI management, the HNB-GW should assign an extended RNC-ID to those HNBs not supporting central management of U-RNTIs during the HNB Registration process. According to TS 25.469 clause 9.2.26 the RNC-ID could either be of traditional 12bits length or of 16 bits length (“extended RNC-ID”). The assignment of the extended RNC-ID should be done in a way to ensure that bits 1 up to 12 are identical with the RNC-ID assigned to HNBs supporting central management of U-RNTI values. In this way, bits 13 up to 16 of a specific extended RNC-ID may form a numbering space indicating that the corresponding U-RNTI was assigned by a HNB not supporting central management of U-RNTIs. 

Note, that all HNBs served by the same HNB-GW share the same RNC-ID considering bits 1 to 12 only. This ensures that all HNBs served by one HNB-GW are seen as one single RNC from the Core Network or an Iur-connected macro RNC, based on the assumption that the RNC-ID known to the CN node or Iur connected macro RNCs is a 12 bit identifier.

The HNB-GW procedure assigning centrally managed U-RNTI values does not provide U-RNTI values that might be confused with those not centrally managed. In this way, the U-RNTIs allocated by HNBs not supporting central U-RNTI management are distinguishable from U-RNTIs allocated for UEs served by HNBs supporting central U-RNTI management.

The HNB-GW’s awareness of the HNBs’ support of U-RNTI management may be either based on the HNB identity or on the presence of information during HNB Registration

.

Solution 2 Pre-knowledge of Cell_FACH/Cell_PCH/URA_PCH mobility. 
When a UE is about to reselect to another HNB it informs the SHNB before the reselection procedure. The SHNB can then inform the THNB that a UE is about to reselect to it. This has some advantages, since the THNB will “know” which SHNB the UE was accessing when it performs the reselection. In addition such a scheme could allow the THNB to prepare resources if required, so for example if the UE is in Cell_FACH and supports RABs, the impact on the data sent via those RABs during the reselection procedure could be minimised if the THNB was aware of the pending reselection. This would require the UE to report the intended reselection cell to the SHNB in e.g. a Measurement Report and the SHNB to then send an indication to THNB.

As the THNB has “pre-knowledge” of Cell_FACH/PCH/URA_PCH mobility the procedure for this can be quite simple. Such scenarios are shown in the following sequence diagram.
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Figure 6.1.1.2.2.6 Intra HNB GW in CELL FACH state Pre-knowledge version
1.
UE sends RRC message to it’s serving HNB

.Note: The actual RRC message/procedure used is TBD by RAN2

2.
The Serving HNB uses the information provided by the UE to determine the address of  the HNB that the UE is planning to reselect to.
3.
Serving HNB sends an RNA Connectionless Transfer message to the THNB containing an indication that there is a pending reselection about to take place. This message contains the UE context.

Note: The Pending Reselection Indication message is TBD and could be either an RNSAP or RNA message.

At some point later the UE reselects to the THNB as follows.

4.
UE sends Cell Update to a HNB with Cause = Cell Reselection. 

5.
Target HNB determines that it already has a “pending” context for the UE
Note: If the Reselection is Inter-CSG, the Target HNB will have to trigger an Access Control procedure towards the CN.

6.
The target HNB updates the transport network layer information for any RABs that are to be relocated to it by sending a HNBAP TNL Update Request message to the HNB-GW, the HNB-GW responds with a HNBAP TNL Update Response.
7.
Target HNB indicates to the HNB-GW that the UE has successfully relocated via the HNBAP UE Relocation Complete. The HNB-GW also switches the Uplane to the Target HNB.

8.
The HNB-GW sends the HNBAP UE DEREGISTER to the Source-HNB indicating Successful RNSAP Relocation with an appropriate cause value
9.
Target HNB then confirms the Cell Update to the UE 
10.
UE responds with a UTRAN Mobility Information Complete
The solution outlined above, allows the THNB to complete the Reselection procedure very quickly as minimal messaging is used and hence avoids drawbacks of the THNB having to first retrieve the UE context from the SHNB before it can complete the procedure. If for some reason the UE does not trigger a Cell Update to the THNB after previously indicating that it was going to, the THNB can simply release the “pending” UE context after a period of time, which would be implementation specific.

However there are some drawbacks to this solution:

· A THNB could be “informed” about a pending reselection and the UE may not actually perform the reselection procedure.

· This solution is only applicable to the mobility between R11 HNBs.
· This solution requires a change in the UE behaviour; send the measurement report to the source HNB, before sending the Cell Update to the target node. Furthermore there is no mechanism to ensure that the “pre-information” is received by the target before the Cell Update.
Solution 3 Use of DSCR
In macro system, both SRNS relocation and DCSR (Directed Signalling Connection Re-establishment) can achieve mobility between RNCs. SRNS relocation procedure can guarantee the continuity service. The RNC will send a RRC CONNECTION RELEASE message with cause "Directed Signalling Connection re-establishment" when it is unable to contact the SRNC to validate the UE due to lack of Iur connection. DSCR procedure is simpler, more suitable for the mobility of non-real time/non- continuity services.

Regarding the choice of transport channel, DCH is used for applications requiring high data rate and low delay services. FACH is designed for applications requiring very low data throughput rate. In Cell_PCH and URA_PCH states, there is no user data transfer.
According to the choosing of transport channel for different services, when UE is in CELL_DCH, high data rate and low delay services are running, SRNS relocation is more suitable for the inter-RNC mobility. When UE is in CELL_FACH/CELL_PCH/URA_PCH, low data throughput rate services are running or there is no user data transfer, DSCR is the best choice to realize the inter RNC mobility.

For HNB, similar principle would be applied.

The procedure of DSCR to achieve the inter HNB mobility is illustrated in the following figure.
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Figure 6.1.1.2.2.7 Use of DSCR

1.
UE sends Cell Update to the target HNB. 

2.
Target HNB sends RRC CONNECTION RELEASE message with the release cause “Directed signalling connection re-establishment”. 

3.
UE sends RRC CONNECTION REQUEST to target HNB with the cause “Call re-establishment”.

4.
The call is re-established through the target HNB.

The source HNB releases the old RRC connection upon expiry of the timer.

Using DSCR to realize the inter HNB and HNB-Macro mobility in CELL_FACH /CELL_PCH /URA_PCH states, the impacts on current specification is minimized. It’s the simplest way.

6.1.1.3 Comparison of solutions
	Aspect
	HNB-GW U-RNTI management
	Pre-knowledge
	DSCR

	
	URNTI Reassignment during UE Registration 1a
	URNTI Range Assignment during HNB Registration 1b
	U-RNTI Management by HNB-GW 1c
	
	

	Elements Impacted
	HNB-GW, HNB
	HNB-GW, HNB
	HNB-GW, HNB
	HNB, UE
	

	Backward compatible
	HNBs and HNB-GW must be R-11,
	HNBs and HNB-GW must be R-11
	HNBs and HNB-GW must be R-11, but co-existence with not R-11 HNBs possible
	HNBs and UEs must be R-11
	

	U-RNTI uniqueness to a local area
	Essential locally
	Essential locally
	Essential locally
	Not needed.
	

	No of non-RRC messages involved
	8
	7
	6-7
	5
	

	Existing Procedures impact
	A new procedure to transfer Cell UPDATE via HNB-GW
	No impact, the existing procedures can be reused.
	A new procedure to update HNB-GW U-RNTI to HNB mapping
	A new procedure to be introduced
	

	RRM Aspects compare with existing Macro procedure.
	The Cell UPDATE will always transfer via the HNB-GW
	No extra delay
	No extra delay
	Uncertain: less message interaction but the conditions and delay necessary to reliably receive the RRC message to inform the S-HNB of Cell Reselection are FFS (to be evaluated by RAN2).
	


6.1.1.4 Conclusion on CELL_FACH

3 References

To be included in TR with appropriate numbers.
[1]. R3-103129 LS from RAN2 on CELL_FACH
[2]. 3GPP TS 25.133 
Requirements for support of radio resource management (FDD)
[3]. 3GPP TS 25.304  
User Equipment (UE) procedures in idle mode and procedures for cell reselection in connected mode
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