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1
Introduction

REL-5 specifications allow for mapping of Signalling Radio Bearers (SRB) on top of HS-DSCH.
This possibility may not seem to be very interesting today, because of the presence of a downlink DCH channel associated to the HS-DSCH, which would typically be the preferred transport for carrying the SRB. Nevertheless, this possibility may gain more interest in the future if considered in the light of some ongoing UTRAN optimisations carried out in other RAN groups (e.g. Fractional DPCH).
The intent of this paper is to discuss the motivation for mapping SRBs on HS-DSCH, the issues with doing so and possible optimisations on Iub/Iur protocols for better support of this feature.
2
Motivation for SRB Mapping on HS-DSCH
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, see [1]). 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 purpose of the Fractional Dedicated Physical Channel (F-DPCH) is to share a set of codes among HSDPA data-only UEs for which the SRBs are mapped on HSDPA 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 the DPCH of a UE (the DPCCH part with TPC and Pilot bits). The use of F-DPCH in the DL does not affect UL normal transmission.

For more detailed presentation on F-DPCH please refer to the companion paper [2].

Assuming hot spot scenarios with large number of active HSDPA-only users in a cell, the downlink code resource may soon become a bottleneck. The perspective of such scenarios in the future is the basic motivation for using the F-DPCH for HSDPA-only users, leading to no other choice than to map the SRBs on the HS-DSCH.
3
Potential Issues with SRB mapping on HS-DSCH in REL-5
Let us assume that the SRB is mapped on the HS-DSCH.

In normal operating conditions, there should be no difficulty to deliver SRB data to the UE in timely manner, with higher priority compared to all other HS-DSCH traffic. The priority mechanisms are already in place in REL-5 e.g. it suffices to configure the Priority Queue carrying the SRB with one of the highest Scheduling Priority Indicator (SPI) values.
The potential issue in REL-5 appears when the HS-DSCH transmission for a given UE deteriorates significantly (e.g. UE drifting on a cell border), so that even HARQ retransmissions are not helpful. The following is likely to happen in such scenario:
· MAC-hs scheduler in the Node B will silently discard the SRB PDUs (upon Discard Timer expiry or otherwise, when the Discard Timer is not used);

· SRNC will time out and retransmit RLC PDUs, which are likely to receive the same treatment in the Node B i.e. unsuccessful retransmissions, then a silent discard;
· Repetition of the previous two steps…
The situation described above may persist for some time if the reception of the associated DCH or F-DPCH is acceptable to the UE. As explained in [3], the following set of events is likely to take place next:
· the RRC connection will eventually fail (e.g. DL RLC unrecoverable error detected by SRNC);

· this will typically trigger the SRNC to delete all RLs for this UE (although, SRNC might as well decide to do nothing and leave it for the UE to detect the RRC failure on its own);

· upon detection of downlink L1 sync failure, the UE triggers a Cell Update procedure to inform the SRNC (most likely in a new cell);
· upon reception of the CELL UPDATE message the SRNC may restore the previous configuration in the new cell (including the HS-DSCH) or make a new one.
The major problem in the described scenario is the response delay: the process leading to the RRC failure (which triggered all subsequent actions) may last too long. The desired behaviour would be to speed-up this process. Given that Node B is the first entity to become aware about the problem, the solution would consist in identifying a mechanism for quickly notifying the SRNC about the imminent RRC connection failure.
4
What Can Be Done in REL-5?
In REL-5 there is a Common Measurement report over Iub allowing the Node B to list a certain number of “costly UEs” (refer to HSDPA Required Power measurement in 25.433). The indication of a “costly UE” may be used by the SRNC to immediately reconfigure the UE before it is too late. Unfortunately, this procedure is applicable only to UEs that have requested at least one MAC-d flow with Guaranteed Bit Rate and is therefore not very well suited for the purpose.

Another possibility is to rely on the HS-DSCH flow control mechanism over Iub/Iur. E.g. in case the HS-DSCH transmission deteriorates significantly the NodeB could simply stop sending credits, causing SRNC buffers to build up and, hopefully, trigger some reaction. Note however, that this mechanism is not well suited either, 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 summary, the existing Iub/Iur mechanisms do not seem to be quick enough or explicit enough for signalling the imminent RRC failure to the SRNC in case the SRB is mapped on HS-DSCH.

5
Possible Optimisation for REL-6
One obvious optimisation would be for the Node B to use an explicit notification over Iub. E.g. when configuring the Priority Queue carrying the SRBs, the SRNC would assign a “PDU Discard Notification Required” (new parameter) to it, instructing the Node B to explicitly notify the SRNC upon Discard Timer expiry. Assuming that the Priority Queue carrying the SRB has been allocated one of the highest possible SPI values, an SRB PDU should be discarded only if transmission to this particular UE is badly impaired. Therefore, upon reception of “PDU Discard Notification”, the SRNC would have a good enough idea that something went wrong with this particular UE and could react by e.g. deleting all RLs, forcing the UE to go through Cell_FACH.

It is FFS whether this notification should be signalled in the C-plane or in the U-plane. Other details (e.g. how to avoid sending notifications for every single discarded PDU) are also left for discussion and FFS.
6
Other
In this contribution we would also like to touch a related issue. Assuming a scenario where the SRNC is not the CRNC, a sudden loss of HSDPA functionality in a cell (e.g. due to a hardware problem in the Node B) cannot be signalled across the Iur interface today. This issue is not directly related to the SRB mapping on top of HS-DSCH, however its impact is particularly emphasised if this is the case.
What a CRNC can do today is to send a RL PREEMPTION REQUIRED INDICATION message to the SRNC concerning all MAC-d flows from all impacted UEs. Apart from generating important signalling load on Iur, we believe that this procedure is not well suited for the purpose for the following reason: the pre-emption indication for MAC-d flows in RNSAP was defined as part of the work on Streaming (GBR) support in HSDPA. The addition of the pre-emption of HS-DSCH MAC-d flows to the RL Preemption procedure was introduced to trigger Iur uplink reaction: based on the HSDPA Required Power common measurement on the Iub and especially the indication of “costly UE”, the DRNC would require the Preemption of HS-DSCH MAC-d Flows of a costly UE to the SRNC. It is likely therefore that this procedure will be used only for GBR MAC-d flows, which clearly does not suit the purpose.
Furthermore, pre-emption usually means that the object (in this case, one or several HS-DSCH MAC-d Flows) to be pre-empted is to be deleted so as to free space for other objects. On the contrary, the goal, when handling the failure of HSDPA in a Cell, is not necessarily to release all the services that were transmitted over HSDPA. The SRNC could be interested in trying to salvage some prioritary services by remapping them to DCHs (e.g. via Synchronised Radio Link Reconfiguration).

It is FFS whether a more efficient and more explicit mechanism is needed for signalling a sudden loss of HSDPA functionality over Iur.
7
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 and RAN2 about our conclusion.
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