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1. Introduction

Solution for allocation of E-RNTI at E-DCH for CELL_FACH and Idle and mapping of H-RNTI and E-RNTI in Node B has been discussed during several RAN3 meetings [1] - [4]. Here we discuss which node (CRNC or NodeB) shall allocate the E-RNTI.

Based on the proposal that NodeB allocates the E-RNTI the following standard impacts are discussed:
1 Introduction of UE Status Update function in NBAP.

2 How to signal the E-RNTI to appropriate nodes. 

3 How to map the dedicated H-RNTI and the E-RNTI in Node B for a UE using E-DCH in CELL_FACH state.
2. Discussion

2.1 Allocation of E-RNTI 
For E-DCH RL for UEs in CELL_DCH the E-RNTI to be used in the serving cell is allocated by the NodeB. With the NBAP/RNSAP Radio Link dedicated signalling the SRNC is informed about allocated E-RNTI (in the response message of the dedicated radio link procedure setting up this serving radio link). After the radio link related NBAP/RNSAP signalling is completed the SRNC informs the UE about the E-RNTI with RRC signalling.
This method is not applicable when the UE is in CELL_FACH state, as there is no dedicated radio link related signalling over Iub and Iur.
Basic assumptions that applies to the discussion below:

· The E-RNTI is allocated when the UE accesses a new cell on CCCH for E-DCH in CELL_FACH and Idle mode (Cell Update and RRC Connection Request). 

· The allocated E-RNTI is sent to the UE by the SRNC in the RRC response messages Cell Update Confirm or RRC Connection Setup.
· There are no change in allocation of other RNTIs

For UEs using E-DCH in CELL_FACH it has been proposed that either NodeB or CRNC allocates the E-RNTI.
If CRNC allocates the E-RNTI, coordination of allocation of E-RNTI between Node B and CRNC will be required, e.g. partition the E-RNTI range in two pools.

If Node B allocates the E-RNTI, a function is required in NBAP to handle UE status change and release of E-RNTI. Chapter 2.2.1 below discusses the implementation, the complexity and performance aspects of such procedure in NBAP.
2.1.2
Comparison of the E-RNTI allocation solutions

There is one obvious merit in letting CRNC allocate the E-RNTI – simplified handling of UE status change that shall lead to release of E-RNTI.

There are several merits in keeping the Node B as the node allocating the E-RNTI. Less complex configuration when introducing E-DCH for CELL_FACH users, as the node configured for E-RNTI allocation is the same as before. No need to split the E-RNTI range in pools, one controlled by CRNC and on by Node B, reducing the risk of shortage of E-RNTIs in cells.  The E-RNTI does not have to be changed when the UE changes state from CELL_FACH to CELL_DCH which facilitates optimisations (in release 8 and in the future) of this state transition, e.g. at seamless status change. 
Merits for the two solutions are listed in the table:

	Node B allocates the E-RNTI
	CRNC allocates the E-RNTI

	No need to partition the E-RNTI in two pools to be used by Node B and CRNC respectively. Reduce risk of shortage of E-RNTI code points in the future.
	CRNC can release the E-RNTI directly when the UE has changed its status and no longer use an E-RNTI for CELL_FACH on E-DCH. There is no need to inform NodeB about the status change. 

	If the UE changes state from CELL_FACH on E-DCH to CELL_DCH (on E-DCH) the E-RNTI doesn’t have to be reallocated.
	

	Less complex configuration when introducing E-DCH for CELL_FACH users, as the principles for allocation of E-RNTI is not changed, e.g. avoid the risk that the same E-RNTI is allocated to different UEs due to miss configuration of NodeB and CRNC. 
	


The discussion above shows that from an overall conceptual point of view the solution that Node B allocates the E-RNTI is the better one as it facilitates configuration, does not waste the number of E-RNTI in a cell and allow future optimisations related to seamless CELL_FACH to CELL_DCH state transition. However it is associated with the “cost” of a class 2 NBAP procedure. As shown in 2.2.1 below the NBAP procedure “UE Status Update” is straightforward with low complexity and can be controlled not to degrade Iub signalling performance.
Conclusion: the merits in keeping the responsibility to allocate E-RNTI in Node B are big enough to motivate implementation of a new class 2 NBAP procedure.  
Proposal: E-RNTI shall be allocated by Node B also for UEs in CELL_FACH state using E-DCH. 
2.2 Node B allocation of E-RNTI

The required standardisation impacts when NodeB allocates E-RNTI at E-DCH for CELL_FACH and Idle are discussed below. 
2.2.1 Introduction of UE Status Update function in NBAP

When the UE leaves the cell or releases the RRC connection (goes to Idle) it should no longer be allocated an E-RNTI, hence the E-RNTI used shall be released by NodeB so that it later can be allocated to another UE in the cell. However the NodeB does not know the status changes of the UE as it does not terminate RRC signalling, nor is in contact with the SRNC via the RNSAP Common Transport Channel Procedures.

It is important that E-RNTI is unique in the cell and that there is no “hanging” E-RNTI allocated to UEs no longer camping in the cell in CELL_FACH or CELL_PCH states. The CRNC should therefore inform the NodeB of any status change for the UE that implies that an E-RNTI should be released.
In [3] a new common class 2 NBAP procedure is proposed (tentative name in this document is “UE Status Update” procedure using UE STATUS UPDATE COMMAND message).

This procedure allows CRNC to send to Node B a list of vacant E-RNTI previously allocated to UEs that no longer have the state CELL_FACH or CELL_PCH, or have left the cell. The trigger to invoke the procedure in CRNC shall be implementation dependent. It may for example be triggered periodically (controlled by a timer), at a threshold (number of vacant E-RNTI) or directly at the status change of a UE. It is essential that the procedure is flexible enough to allow implementations to achieve optimal performance considering the tradeoffs between long and frequent NBAP messages.

Below the NBAP procedure is drafted: 

Draft procedure text in 25.433:

8.2.x
UE Status Update

8.2.x.1
General

This procedure is used by the CRNC to inform NodeB that one or several E-RNTI, previously allocated to UEs in CELL_FACH state, may be released as the UE no longer use the E-RNTI.
8.2.x.2
Successful Operation
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Figure 11: UE Status Update procedure, Successful Operation
The procedure is initiated with a UE STATUS UPDATE COMMAND message sent from the CRNC to the Node B using the Node B Control Port.

Upon reception of the UE STATUS UPDATE COMMAND message, the Node B may use the information about vacant E-RNTI in Vacant E-RNTI IE in Cell E-RNTI status information IE to determine which E-RNTIs are no longer used in the cell and thus allowed to be allocated to another UE using E-DCH.

Draft tabular in 25.433:

9.1.x
UE STATUS UPDATE COMMAND

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Message Discriminator
	M
	
	9.2.1.45
	
	–
	

	Message Type
	M
	
	9.2.1.46
	
	YES
	ignore

	Transaction ID
	M
	
	9.2.1.62
	
	–
	

	Cell E-RNTI status information
	
	1..<maxCellinNode B>
	
	
	EACH
	ignore

	>C-ID
	M
	
	9.2.1.9
	
	–
	

	> Vacant E-RNTI 
	
	1..<maxErntiToRelease >
	
	
	EACH
	ignore

	>> E-RNTI
	
	
	9.2.1.75
	
	
	


	Range Bound
	Explanation

	maxCellinNode B
	Maximum number of Cells in a Node B

	maxErntiToRelease
	Maximum number of E-RNTI to release per cell


From above the following can be concluded:

· A straightforward class 2 common NBAP procedure solves the issue with release of vacant E-RNTI

· The procedure allows CRNC implementations to release E-RNTI in groups (e.g. controlled by timer or threshold) or individual per UE

· A large number of E-RNTIs may be released in one NBAP message. Therefore the number of NBAP messages on Iub can be controlled to be low enough to not negatively influence Iub performance.

Conclusion: it is feasible to introduce a new NBAP procedure to allow CRNC to control release of vacant E-RNTIs. This procedure does not negatively impact the performance or the functionality related to E-DCH handling in CRNC and NodeB.

Proposal: A new procedure “UE Status Update” shall be introduced in NBAP. The procedure allows CRNC to send a list of vacant E-RNTI to Node B. 2.2.2 Signalling of the allocated E-RNTI to CRNC and SRNC

According to RAN2 decision the RRC Cell Update and RRC Connection Request messages are sent in UL on CCCH using a common E-DCH if the UE does not have an E-RNTI in the cell (otherwise it may directly use DTCH/DCCH transmission). The frame is then transported in Iub framing protocol to CRNC (the MAC-c termination point). In case of Iur the RRC message is thereafter forwarded using RNSAP Uplink Signalling Transfer Indication message. 
As described above NodeB shall allocate the E-RNTI. This allocation has to be done when Node B receives the CCCH frame containing the RRC message, as the CRNC need to have the allocated E-RNTI when responding to the RRC message. The only available message from Node B to CRNC at this point in time is the Iub FP that transports the first frame received on CCCH to CRNC. 
Conclusion: To inform CRNC about the allocated E-RNTI Node B shall include it in the Iub FP frame of the UL message carrying the CCCH MAC-c frame.

If the UE has an RRC connection with a SRNC over Iur the CRNC, when receiving the RRC Cell Update message, forwards it to the SRNC in the RNSAP Uplink Signalling Transfer Indication message (the SRNC address is derived from the U-RNTI received in the RRC message). CRNC includes the allocated E-RNTI received from Node B in the RNSAP message.

Conclusion: add E-RNTI IE to RNSAP Uplink Signalling Transfer Indication message
When Node B receives a MAC-i frame on CCCH it does not know if the SRNC will reconfigure the UE to CELL_DCH as a result of the UL RRC message. If Node B supports E-DCH for CELL_FACH users it shall always allocate an E-RNTI when the UE accesses the enhanced RACH channel on CCCH and include it in the FP frame on Iub. For backwards compatibility reasons the allocated E-RNTI also has to be included in the Radio Link Setup response if the SRNC decide to change the UE state to CELL_DCH and the NodeB receives a Radio Link Setup Request.
Note: Node B (and CRNC/SRNC) know if a frame is sent on CCCH or DTCH/DCCH as CCCH has a particular logical channel configured for the common E-DCH resource and the logical channel identity is part of MAC-i and the Iub FP frame (logical channel id is included in the same way as for enhanced L2 in UL for CELL_DCH UEs).
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Figure: UE makes initial access on enhanced RACH, Node B allocates E-RNTI

Proposal: 
- E-RNTI shall be allocated by Node B when the first CCCH frame is received
- Node B shall include the allocated E-RNTI in the UL Iub FP frame carrying the received MAC-c
- E-RNTI IE shall be added to RNSAP UPLINK SIGNALLING TRANSFER INDICATION message

2.2.3 Mapping of E-RNTI and H-RNTI in Node B 
RAN 2 has in LS to RAN 3 requested that the mapping between E-RNTI and dedicated H-RNTI shall be made known to NodeB for UEs in CELL_FACH using E-DCH [5], [6]. The mapping is intended for 1) allowing an HS-DPCCH to be configured with E-DPCCH/E-DPDCH and 2) Enhanced UE DRX.
For both functions Node B must have knowledge about the mapping between E-RNTI and H-RNTI before it grants E-DCH resources to the CELL_FACH UE (and UE enters Collision Resolved Phase). The mapping should therefore be in place in Node B when the UE first accesses E-DCH in CELL_FACH using DTCH/DCCH with E-RNTI for contention resolution. If the mapping is not known in Node B at this point in time the collision resolution phase will be extended as Node B has to wait for the mapping of E-RNTI-to-H-RNTI before granting resources to the UE. Extension of collision resolution phase will result in longer service access times and waste of radio resources.
The only available message from CRNC to Node B between sending of MAC-c to the CRNC to that the UE is allowed to use DTCH/DCCH for collision resolution is the Iub FP that transports the RRC response message in DL (on DL CCCH with a common H-RNTI). This message informs the UE about the allocated E-RNTI, hence this is the message that triggers the UE to enter collision resolution phase. Note: if the DL RRC message will reconfigure the UE to CELL_DCH the E-RNTI / dedicated H-RNTI shall not be included.
Conclusion: To inform Node B about the mapping between E-RNTI and dedicated H-RNTI CRNC shall include these two RNTIs in the Iub FP frame carrying the RRC response message to be sent out in DL on CCCH. The new fields shall be included using spare extensions.
The point when and where the allocation of E-RNTI and dedicated H-RNTI are done and the mapping E-RNTI to H-RNTI in Node B is shown in the figure below:  
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Figure: Allocation and signalling of E-RNTI and dedicated H-RNTI 
Change of H-RNTI:

If for some reason the CRNC changes the dedicated H-RNTI the procedure is always associated to a DL RRC message informing the UE about the new dedicated H-RNTI. CRNC shall include the E-RNTI / new H-RNTI in the header of the Iub frame and NodeB has to check the Iub frame header also for this case when the UE is using DTCH/DCCH.  
Proposal: When the Iub FP frame is carrying an RRC message that configures the UE with a new or changed dedicated H-RNTI to be used in CELL_FACH state using E-DCH in UL, the Iub FP header shall contain the dedicated H-RNTI as well as the E-RNTI allocated to the UE.
3. Proposal

It is proposed that RAN3 agrees to the proposals listed in chapter 2.
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