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1 Introduction

FE-FACH work item [1] was started in TSG RAN#51 meeting. The goal of the work item is to consider several potential enhancements to CELL_FACH state and specify those for which the benefits justify the complexity. The following sub-features have been agreed to be specified under this work item [2]:-

· NodeB triggered HS-DPCCH transmission
· Concurrent deployment of 2ms and 10ms TTI in a cell 

· Reduction in timing of the initial access in the physical random access procedure
· TTI alignment
· Per HARQ process grants

· Second UE DRX in CELL_FACH 

· Fallback to R99 PRACH

· Common E-RGCH based interference control
· Mobility Improvements
· Absolute priority based reselection
· NW triggered mobility enhancements
This contribution addresses some remaining open issues on UE capabilities for some of the above mentioned sub-features.
2 Discussion

2.1 Signalling of UE capabilities 

Issue 1: Whether ‘Fallback to R99 PRACH’ capability should be signalled to RNC (in RRC message)?
It has been agreed that CCCH/DCCH can fallback to R99 PRACH upon receiving a NACK from the NodeB. Since SRB0 carrying CCCH is configured in SIB5/5bis, a cell should always contain SRB0 configuration for both common E-DCH and R99 PRACH in the SIB, in order to receive CCCH data from UE’s which do/do not support Common E-DCH respectively. However, SRB 1/2/3/4 carrying DCCH are configured by dedicated signalling procedures. In Rel-8, if both network and UE support common E-DCH, then the RNC may only configure SRB1/2/3/4 mapping for common E-DCH transmission. However, for the sub-feature of Fallback to R99 PRACH in Rel-11, two kinds of SRB1/2/3/4 mapping options need to be configured simultaneously, one for E-DCH and another for RACH. In the absence of a Fall-back to R99 capability in any RRC message, the RNC would need to configure these two mapping options for all UE’s (Rel-8 and Rel-11) irrespective of whether the UE supports Fallback to R99 PRACH. Whilst the signalling to allow multiple RB mapping options has been in place since Rel-8 in the specifications, it should be discussed whether any potential (in-field) issues are foreseen by introducing RRC configurations (with multiple RB mapping options) for legacy (Rel-8) UE’s that potentially may not have been IOT’d with such configurations. If potential issues are foreseen, the capability of Fallback to R99 PRACH should be introduced in, at the least, UE CAPABILITY INFORMATION and RRC CONNECTION SETUP COMPLETE messages.
If it is agreed to introduce a RRC capability for Fallback to R99 PRACH, then to enable Fallback to R99 for RRC CONNECTION SETUP COMPLETE message, the capability would need to be reported in RRC CONNECTION REQUEST in addition to the above mentioned messages. Fallback to R99 PRACH for transmission of RRC CONNECTION SETUP COMPLETE is desirable as this would enable the UE to complete its connection establishment procedure even in case of E-DCH resource congestion. Thus, if introduced, the capability should also be included in RRC CONNECTION REQUEST message.
Proposal 1: Discuss whether there is need to introduce a RRC capability of the sub-feature of Fallback to R99 PRACH.

Proposal 1a: If agreed to be introduced, the capability of ‘Support of Fallback to R99 PRACH’ should be included in RRC CONNECTION SETUP COMPLETE, UE CAPABILITY INFORMATION and RRC CONNECTION REQUEST message.

Issue 2: Whether ‘Concurrent deployment of 2ms and 10ms TTI in cell’ capability should be signalled to RNC (in RRC message)?
It would be preferable to signal the capability for ‘Concurrent deployment of 2ms and 10ms TTI in a cell’ in RRC message(s) as it is not clear that there is no benefit for the RNC to have this information. For example, if Rel-8 common E-DCH is deployed with 10ms TTI then the RNC knowing the lack of support of this sub-feature for a UE could decide to transition it to CELL_DCH state during high data-rate burst durations. On the other hand, a UE supporting this sub-feature could be kept in CELL_FACH state. Such a behavior is straightforward to achieve by setting the Event 4x thresholds appropriately on a per UE basis, taking into account the UE’s capability for this sub-feature. Thus, in some sense, the capability information helps the RNC decide when/whether to transition the UE to CELL_DCH state. 

There may be other benefits for the RNC to know about the UE capability for concurrent deployment of 2ms and 10ms TTI in a cell. Considering that introducing the capability in RRC signalling would add only one bit of overhead, we believe there is no downside in having this. 

The same reasoning/use case as above, also applies for the sub-features of Per HARQ process grants and TTI alignment.

Proposal 2: The capability ‘Support of concurrent deployment of 2ms and 10ms TTI’ should be included in RRC CONNECTION SETUP COMPLETE and UE CAPABILITY INFORMATION messages.

Proposal 3: The capabilities of ‘Support of Per-HARQ process grants’ and ‘TTI alignment’ should be included in RRC CONNECTION SETUP COMPLETE and UE CAPABILITY INFORMATION messages.

Issue 3: Which FE-FACH UE capabilities should be included in CELL UPDATE and URA UPDATE messages? 

One use case of including capabilities in CELL UPDATE and URA UPDATE messages is depicted in Figure 1 below. This is a commonly studied scenario which has been used for introducing capabilities in CELL UPDATE and URA UPDATE messages previously [3]. Here, the UE moves from the coverage of a cell under a legacy (S-)RNC that does not support a sub-feature to a cell under a (D-)RNC which supports the sub-feature. Under such situation and assuming there is no SRNS relocation procedure initiated, the UE would need to signal its capabilities to the D-RNC through the CELL/URA UPDATE message when the UE performs cell reselection. If the UE capabilities are not included in the CELL/URA UPDATE message, the (D-)RNC would have to wait for an SRNS relocation procedure to get this information. This use case for including a capability in CELL UDPATE and URA UPATE messages is applicable for the sub-feature of NodeB triggered HS-DPCCH transmission.
Proposal 4: The UE capability of ‘Support of NodeB triggered HS-DPCCH transmission’ should also be included in CELL UPDATE and URA UPDATE messages (in addition to the IE ‘Physical channel capability’).
[image: image1.bmp]
Another scenario for including capabilities in CELL_UPDATE and URA_UPDATE is more specific to the sub-feature of Fallback to R99 PRACH. Same as Figure 1 above, assume that the UE moves from the coverage of a cell under a legacy (S-)RNC that does not support the sub-feature of Fallback to R99 to a cell under (D-)RNC which supports the sub-feature. Under such situation and assuming there is no SRNS relocation procedure initiated, to enable fallback a DCCH radio bearer upon receiving a NACK (from a cell under D-RNC), the UE would require the following:-

· Requirement 1: SRB 1/2/3/4 multiplexing option for both RACH and E-DCH transport channel types be provided
· Requirement 2: The RLC size(s) that apply for SRB 1/2/3/4 mapping option on RACH to be the same as the RLC size(s) that apply for SRB mapping option on E-DCH. 

Both of the above requirements apply to the S-RNC which is a legacy RNC not supporting the sub-feature of Fallback to R99 in the above scenario. In general, it is not desirable to impose requirements on legacy behaviour due to the introduction of a new feature. Then, there are three possible solutions:-
· Option 1: Introduce UE behaviour to not fallback to R99 PRACH and keep using common E-DCH if either of the requirements 1 or 2 is not met (even if the SIB of the current cell indicates CCCH/DCCH fallback).

· Option 2: Introduce UE behaviour to declare an INVALID_CONFIGURATION if either of the requirements 1 or 2 is not met but the feature of Fallback to R99 PRACH is configured (and supported by the UE) in the SIB of the serving cell. Upon declaring INVALID_CONFIGURATION, the UE will move to IDLE mode as per legacy behaviour of INVALID_CONFIGURATION upon cell reselection. When the UE re-establishes its RRC connection, normal fallback to R99 PRACH operation can be enabled by the RNC (previously the D-RNC).
· Option 3: Introduce a UE capability of Fallback to R99 PRACH in CELL UPDATE and URA UPDATE messages. This option enables the D-RNC to detect the situation above and release the RRC connection if needed. Such a method of RRC connection release by D-RNC has been widely used in RAN3 (see [3]) to circumvent problem scenarios such the one described above.  The D-RNC would come to know of the capability of the UE to fallback to R99 PRACH (via CELL UPDATE/URA UPDATE) and act upon the inability of the S-RNC to fallback (by releasing the RRC connection, if needed). When the UE re-establishes its RRC connection, normal fallback to R99 PRACH operation can be enabled by RNC (previously the D-RNC).

Whilst Option 1 circumvents the need for introducing UE capability or UE moving to IDLE, it makes the sub-feature of Fallback to R99 PRACH unusable in certain geographic locations (legacy and new RNC boundaries). Option 2 enables the functionality of Fallback even in those geographic locations but involves the UE (autonomously) moving to IDLE. Option 3 provides network the control to release the connection if needed or continue without disruption if it can meet requirements 1 and 2. Since all of the above options require introducing certain UE behaviour, it is proposed to discuss and agree on one of the above options as a way forward.
Proposal 5: Discuss and agree on one of the Options 1, 2 or 3 as way forward on whether a capability of ‘Support of Fallback to R99 PRACH’ should also be introduced in CELL UPDATE and URA UPDATE messages.
Based on the discussion in this section, Table 1 below lists our understanding of the need for FE-FACH UE capabilities in CELL UPDATE and URA UPDATE messages.
Table 1: UE capabilities in CELL UPDATE and URA UPDATE

	FE-FACH sub-feature
	Capability needed in CELL UDPATE
	 Capability needed in URA UPDATE

	NodeB Triggered HS-DPCCH
	Yes
	Yes

	Fallback to R99 PRACH
	Depends on Proposal 5
	Depends on Proposal 5

	Common E-RGCH based interference control
	No
	No

	Concurrent deployment of 2ms and 10ms TTI in a cell
	No (Note 1)
	No (Note 1)

	Per HARQ process grants
	No
	No

	TTI alignment
	No
	No

	Reduction in timing of the initial access in the physical random access procedure
	No
	No

	Absolute priority based reselection
	No
	No

	E-UTRA measurements and reporting in CELL_FACH
	No
	No


Note 1: This assumes the set of MAC-d flows for non-default TTI is a subset of the set of MAC-d flow for default (Rel-8) TTI
For completion it is worth stating that the UE capability for the sub-feature of Second DRX in CELL_FACH has already been agreed to be included in CELL UPDATE and URA UPDATE messages.

Issue 4: Which RRC messages should be included the UE capability of E-UTRA measurements and reporting in CELL_FACH?

During RAN2#78, it was agreed to introduce an optional UE capability for the sub-feature of E-UTRA measurements and reporting in CELL_FACH. However, the messages in which this capability should be included were not discussed. Based on the above discussion related to issue 3, it suffices to include this capability in RRC CONNECTION SETUP COMPLETE and UE CAPABILITY INFORMATION messages.

Proposal 6: The capability ‘Support of E-UTRA measurements and reporting in CELL_FACH’ should be included in RRC CONNECTION SETUP COMPLETE and UE CAPABILITY INFORMATION messages.
3 Summary

In this contribution we have addressed some of the remaining open issues on UE capabilities in FE-FACH. The following proposals have been made:-

Proposal 1: Discuss whether there is need to introduce a RRC capability of the sub-feature of Fallback to R99 PRACH.

Proposal 1a: If agreed to be introduced, the capability of ‘Support of Fallback to R99 PRACH’ should be included in RRC CONNECTION SETUP COMPLETE, UE CAPABILITY INFORMATION and RRC CONNECTION REQUEST message.

Proposal 2: The capability ‘Support of concurrent deployment of 2ms and 10ms TTI’ should be included in RRC CONNECTION SETUP COMPLETE and UE CAPABILITY INFORMATION messages.

Proposal 3: The capabilities of ‘Support of Per-HARQ process grants’ and ‘TTI alignment’ should be included in RRC CONNECTION SETUP COMPLETE and UE CAPABILITY INFORMATION messages.

Proposal 4: The UE capability of ‘Support of NodeB triggered HS-DPCCH transmission’ should also be included in CELL UPDATE and URA UPDATE messages (in addition to the IE ‘Physical channel capability’).
Proposal 5: Discuss and agree on one of the Options 1, 2 or 3 as way forward on whether a capability of ‘Support of Fallback to R99 PRACH’ should also be introduced in CELL UPDATE and URA UPDATE messages.
Proposal 6: The capability ‘Support of E-UTRA measurements and reporting in CELL_FACH’ should be included in RRC CONNECTION SETUP COMPLETE and UE CAPABILITY INFORMATION messages.
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Figure 1: UE in coverage of D-RNC








