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1
Introduction

 One of the HSDPA Enhancements studied by RAN1 for Release 6 under the study item: “Radio link performance enhancement” is the Fractional Dedicated Physical Channel (F-DPCH). 

A Work Item on “Optimisation of DL channelisation code utilisation” was approved at RAN#23 and F-DPCH is now discussed under this work item.

The current specifications mandate the setup of dedicated physical channels both in the UL and in the DL whenever a user is configured to use HS-SCCH(s) and HS-PDSCH(s). In the case of HSDPA data-only UEs the corresponding DPCH channel will carry TPC and pilot bits on its DPCCH channel while the DPDCH channel will carry the DCH channel on which SRBs may be mapped. 
The purpose of the F-DPCH is to share given codes among HSDPA data-only users in order to allow a more efficient management of the code resource, i.e. one code is time shared between different users to carry a fraction of a DPCH (the DPCCH part with power control and pilot bits). The use of F-DPCH in the DL does not affect UL normal transmission.
For a HSDPA data-only UE it is assumed that RRC signalling is carried in the DL on HS-DSCH while in UL it is carried on a DCH channel.

This contribution proposes for discussion this assumption. 
2
SRBs mapping on HS-DSCH is allowed by the REL-5 specifications
The Release 5 specifications already allow the mapping of SRBs to HS-DSCH.

2.1
MAC aspects
The R5 MAC specification allows the mapping of SRBs on HS-DSCH. The MAC header for DTCH/DCCH mapped on HS-DSCH is defined in 25.321 section 9.2.1.1a.

The NodeB scheduler can be configured with appropriate priority queues such that the MAC-d flow carrying the RRC signalling is handled with highest priority.
It may be expected that the MAC-hs retransmission will speed up the RRC message transmission compared to RLC only retransmissions and therefore the overall transmission delay may be decreased.
2.2
RLC aspects

No impact identified to the specification.

The RLC configuration for the SRBs will have to be optimised for transmition on HS-DSCH.
2.3
RRC aspects
2.3.1
Configuration
The RRC protocol allows the configuration in the DL with a HS-DSCH/HS-PDSCH and a DPCH (without a DCH mapped on it). The RRC specification does not exclude the transfer of RRC DL messages on the HS-DSCH.
2.3.2
Mobility
It should be noted that in the TR 25.899 the use of soft handover for F-DPCH is not precluded although it requires an increased coordination effort in the RNC between F-DPCHs transmitted in neighboring cells.

It may be assumed also that if the UE is in soft handover then both the DL F-DPCH and UL DCH are in soft handover.

The mobility scenarios described in section 9 of 25.308, e.g.:

· Intra-Node B synchronised serving HS-DSCH cell change
· Inter-Node B synchronised serving HS-DSCH cell change during hard handover
· Inter-Node B synchronised serving HS-DSCH cell change after active set update (radio link addition) 
are also applicable in the case when the SRBs are mapped in DL to HS-DSCH and in UL to a DCH and there is a  DL F-DPCH. 
3
What happens when the RRC Connection fails
All the above considerations assume that SRBs are delivered normally. One particular aspect that should be considered is what happens when RRC connection fails. Some simple exemples when this may happen are:

· Due to radio conditions (e.g. the UE is at the cell border) the MAC-hs is not able to transmit correctly the RLC PDUs of the SRBs,
· the HS-DSCH handled by DRNC does not operate properly and the SRNC is not (yet) informed via Iur,
· etc.

In such a situation the questions that need to be solved are:

· how the SRNC knows that how the SRBs are not available ? In that situation, does the RRC connection need to be considred as failed ?
· how the RRC connection is re-established after a failure ? 
3.1
Detection of the RRC Connection failure
In the current specifications the failure of the RRC connection is tipically detected in the SRNC:
· if the Layer 1 level failed 
· when the DL L1 synchronization is lost the UE triggers a cell update procedure to inform the SRNC, or
· when the UL L1 synchronization is lost the SRNC is informed by the NodeBs of the active set 

· if the Layer 2 level failed
· when the DL RLC unrecoverable error is detected in the SRNC, or
· when the UL RLC unrecoverable error is detected the UE triggers a cell update procedure to inform the SRNC
In the case when the SRBs are mapped in the DL on HS-DSCH the most critical scenario seems to be when the RRC DL messages are not delivered anymore and the UE did not detect it. This scenario may happen when the UE may not detect DL RL failure (triggered by a L1 desynchronization on the F-DPCH) while the SRNC detects a DL RLC unrecoverable error.
It should be noted that in the DL the L2 failure detection may be triggered by HS-DSCH (mapped on HS-PDSCH) failing to transmit MAC-d PDUs while the L1 failure is triggered by L1 desynchronization on a PhCH different than HS-PDSCH i.e. the F-DPCH channel. A typical example could be when the F-DPCH is in SHO and L1 is in sync while MAC-d PDU cannot be delivered to the UE through HS-PDSCH.

The detection of the RRC Connection failure in the DL by means of a DL RLC unrecoverable error could be quite long (it depends anyway on the RLC configuration). However, this could be condidered acceptable for data only connection if this is a rare event.
3.1.1
Potential optimisations to improve the detection speed of the RRC Connection failure in the DL

One optimization to improve the rapidity of the RRC connection failure detection in the DL would be to use a mechanism in the NodeB in the MAC-hs to detect an unrecoverable error similar to the existing function in the RLC. Then the NodeB will notify the SRNC via Iub/Iur about this error.
In REL-5 it is already possible to assign a Discard Timer value to a MAC-hs queue in the NodeB (a.k.a. Pririty Queue in NBAP spec). Upon arrival in the NodeB, each PDU is time stamped with the Discard Timer value and is discarded from the NodeB buffer if the PDU is still present upon timer expiry. This PDU discard is silent today. A possible optimisation would be that the SRNC is informed by the NodeB about the PDU discard.

Another possibility is to rely on existing mechanism in the Iub/Iur U-plane. The HS-DSCH transport over Iub/Iur is flow controlled by the NodeB, i.e. the SRNC is allowed to transmit data only if it has been granted credits by the NodeB. In case the HS-DSCH transmission deteriorates significantly, the NodeB could simply stop sending credits, causing SRNC buffers to build up. Note however, that this mechanism may not be well suited for the purpose, because the NodeB may decide to stop granting credits for reasons which are not related to the radio conditions (e.g. temporary overflow of the global buffer space). 

In REL-5 there is a Common Measurement report over Iub allowing the NodeB to list a certain number of “costly UEs”. Note however that this procedure is applicable only to UEs that have requested at least one MAC-d flow with Guaranteed Bit Rate and therefore not very well suited for the purpose.
3.2
RRC Connection re-establishment after failure
3.2.1
RRC Connection failure detected by the UE  
If the RRC Connection failure is detected by the UE, a cell update procedure will be triggered and the RRC connection may be re-established possibly in a different cell than the previous HS-DSCH serving cell.
3.2.2
RRC Connection failure detected by the RNC and not by the UE 

If the RRC Connection failure is detected by the SRNC and not by the UE (e.g. in the DL) it is up to UTRAN implementation to recover from this situation. Several approaches could be envisaged:

· do nothing. Due to UE mobility or non-ancknowledged UL RLC PDUs (e.g; measurement reports) a RRC connection failure may be detected by the UE which will trigger a cell update to re-establish the RRC connection, or
· SRNC (over Iub/Iur) performs the deletion of the RL(s) in the active set in order to trigger an RL failure in the UE followed by a cell update procedure, or
· etc

3.2.3
New mechanism in the UE
Another approach to be discussed is to introduce a new mechanism in the UE to trigger a cell update procedure when the quality of the HS-DSCH serving cell is below a certain threshold. This may allow either to re-establish the RRC connection on HS-DSCH (possibly in a different cell than the previous HS-DSCH serving cell) or to perform a transport channel reconfiguration from HS-DSCH to DCH (possibly in the same cell).    
4
Proposal
In this contribution it is proposed:

· to discuss the above points and see whether the existing mechanisms are sufficient to have a reliable transfer of RRC signalling over HS-DSCH or if some optimisations would be useful, and
· to inform RAN1 about our conclusion.
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