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1. introduction

This contribution evaluates HS-DSCH data stream transport over Iub and Iur interfaces. Based on the evaluation a new alternative way of HS-DSCH transport is proposed. This HS-DSCH transport option has already been discussed in the past but due to the tight schedule of the HSDPA WI, the discussion was postponed back then. This contribution is now aiming at closing one of the open issues in HSDPA.

2. discussion

High Speed Downlink Shared Channel (HS-DSCH) has been defined for providing an efficient way of tranporting bursty high-speed packet data over the radio interface. However, so far the way how HS-DSCH data streams are transported over Iub and Iur does not reflect the same efficiency as is there in the corresponding Radio protocols. This is especially so in AAL2/ATM transport.

According to the current Rel5 specifications each HS-DSCH data stream is conveyed by a separate transport bearer. In case of AAL2 the ALCAP is used for setting up and releasing these bearers. In this contribution the existing Rel5 approach is referred to as “TNL multiplexing”. This is to imply that the multiplexing of HS-DSCH streams is done by AAL2 protocol. In the following the efficiency related problems of this approach are described.

2.1 Transport resource reservation for HS-DSCH bearers in TNL multiplexing 

Today in Rel5 each data stream is conveyed by an individual AAL2 connection that is setup through the AAL2/ATM network potentially containing AAL2 switching nodes. These AAL2 connections are sharing the transport resources with all other AAL2 connections. The distinctive characteristic of HS-DSCH data stream compared to any other existing transport channel is its high burstiness. That is, the peak rate of the stream may be several Mbits/s while the average rate can be significantly lower, e.g., 10kbit/s. This kind of a traffic source is a challenge for AAL2 transport primarily due to the connection oriented nature of AAL2. That is, there needs to be an end-to-end connection with associated resources through the transport network. An additional challenge comes from the fact that the different HS-DSCH streams wont be at their peak rate at the same time. Then, how to take these characteristics into account in any standards based AAL2 network or equipment?

An example is given of the options and the issues involved with them: An option where no resources are reserved for any of the individual AAL2 connections conveying HS-DSCH streams would solve the resource reservation dilemma. However, then the HS-DSCH transport would provide best effort service. This is not acceptable as it would generally compromise the viability of HSDPA as a whole. An other important aspect is that the best effort service on AAL2 level would imply the need for policing function on AAL2. Only then it can be ensured that the best effort traffic would not damage the service of other traffic. It has been agreed already both by ITU-T and by 3GPP that no policing shall be expected on AAL2. Provided that the needed resource per a stream would be determined by its average bit rate, the probability of service degradation would be imminent in case of a burst, thanks to the high burstiness (e.g., peak/average=100). The option where the needed resource would be determined by the peak rate would not be feasible as it would reduce the number of allowed streams far too much. That is, the AAL2/ATM CAC would start rejecting bearer requests soon due to insufficient capacity. So, these examples suggest that the resource reservations should be based on some value between the average and peak rates. Let us consider an example with 20 HS-DSCH streams existing simultaneously, each having their average rate at 30kbit/s and the peak at 1Mbit/s. The CAC would be rather aggressive and would determine the resource to be in 100kbit/s per connection (only 10% of the peak). The CAC would have then admitted 2Mbit/s from the available interface capacity to these 20 HS-DSCH streams. Overall this allocation would not be economical as it would take twice the capacity that is available in the radio interface as a whole for these same HS-DSCH streams. Here it was assumed that the peak rate of each individual stream equals the max. allowed HSDPA capacity in the radio interface, in this example limited to 1Mbit/s.

The TNL multiplexing approach can be enhanced by using dedicated ATM VCs for HS-DSCH data streams. Then the capacity of any individual AAL2 connection would not be an issue as the capacity as seen in the TNL would be the capacity of the underlying ATM VC. In the example above the VC capacity would then be about 1Mbit/s and the AAL2 layer would only provide the multiplexing function. The fundamental drawbacks of this enhancement are as follows:

- It does not support AAL2 switching as the VC needs to be end-to-end in order to  isolate the individual AAL2 connections from other AAL2 connections. 

- The dimensioning of the underlying VC. How to dimension it without wasting the available capacity in the interface? How to re-dimension/modify it if the available HSDPA capacity in the destination is increased or decreased? There is no ATM signalling in 3GPP specifications, so no multivendor operability can be guaranteed as soon as something else than PVCs are used. Additional management of PVCs introduces an O&M burden for the network operator.

- The number of ATM PVCs would go up, representing an increase in the O&M load as well as in the OPEX.

- All individual AAL2 connections still need to be setup and released by ALCAP.

2.2 ALCAP Signalling load and bearer establishment delay in TNL multiplexing

ALCAP is used for setting up, releasing and modifying the AAL2 bearer in any 3GPP compliant UTRAN. The use of ALCAP introduces another problem, again related to the connection oriented nature of AAL2 versus the bursty nature of HS-DSCHs. It is expected that the HS-DSCH data streams are bursty not only in terms of their peak vs. average bit rates but also in terms of their birthrates and lifetimes. That is, the frequency of new HS-DSCH streams to appear and disappear can be high. If the TNL did not follow this, there could be significant amount of “hanging resources” in the system. That is, existing transport bearers that were not used for anything. The application of ALCAP in packet data communication introduces the following drawbacks: 1) additional establishment delay for each individual MAC-d flow as the transport bearer request and confirmation needs to be signalled end-to-end 2) Increase in the volume of signalling traffic over the interface 3) Increase in the processing load in the node as it is a function of the procedure frequency. It is noted that the problem with ALCAP is not only related to HSDPA but to all transport channels that are used for irregular communications. However, as the HSDPA is specifically targeted to downlink packet data, it is seen reasonable to address this issue here.

2.3 New approach – multiplexing on Frame Protocol layer: RNL multiplexing

As it was shown above, there are some real issues in the current Rel5 transport solution of HS-DSCH data streams. The fundamental problem was shown to be the mapping of a very bursty HS-DSCH data streams into AAL2/ATM transport in a standards defined way while still providing some deterministic degree of QoS&throughput. 

In order to remove this issue, a new approach is introduced for the transport of HS-DSCH data streams. In this new approach it is the Frame Protocol layer that provides the multiplexing function for HS-DSCH streams. It allows the streams to share a common AAL2 connection. This approach is referred to as “RNL multiplexing” as it is now the RNL protocol instead of TNL that is providing the multiplexing. In the RNL multiplexing it is no longer needed to map the characteristics of any individual HS-DSCH data stream to an AAL2 connection but instead the mapping is done on HS-DSCH aggregate level. As a result the capacity of the HS-DSCH transport can now be determined by the HSDPA capacity commonly available for all multiplexed streams in the bearer destination, without requiring any non-specified arrangement in the TNL. 

The RNL multiplexing mechanism works as follows: During the RL Setup phase, the RNC will send to the Node B a list of transport bearers that can be shared. If the RNC does not want to share any transport bearer, it will not send the list. If the Node B receives the transport bearer list, it will again decide whether to do the multiplexing on the existing transport bearer or not. If the Node B decides to share the transport bearer, it will choose one of the transport bearers in the list. On the contrary, if the Node B decides not to share, it will assign a new transport bearer and will send the binding ID and the transport layer address as usual.

The following points further illustrate the proposed new transport arrangement and its benefits:

- Only data streams that have similar enough QoS requirements are multiplexed into a common transport bearer. Accordingly the Frame Protocol only needs to provide the multiplexing ID while all QoS related functions remain in the MAC-d and in the TNL. 

- The multiplexing ID is proposed to be unique enough to allow the multiplexing of HS-DSCH data streams destined for different UEs (i.e. HS-RNTI-ID + MAC-d Flow ID).

- The control of the shared AAL2 connection is provided by ALCAP in RNC. The ALCAP protocol allows on-demand connection establishment as well as on-demand and on-the-fly connection modification in case of a change in the needed aggregate capacity. From the ALCAP viewpoint no new requirements are introduced.

- AAL2 switching is allowed similarly as to any other transport bearers. That is, the transport bearer(s) conveying HS-DSCH aggregate streams share the same ATM VCs with other transport bearers. This in effect simplifies the TNL operation and management.

- For all HS-DSCH data streams but the “first” one there is no need to perform transport bearer establishment but instead only an existing bearer needs to be selected as part of the standards defined NBAP/RNSAP procedures. Neither new signalling messages nor any new signalling procedures are introduced. The bearer selection is proposed to be based on “transport bearer candidate list” provided by the RNC. This way the control of the bearer usage remains in the RNC.

In the earlier given example with 20 HS-DSCH data stream with average 30kbit/s and peak 1Mbit/s rates the needed/admitted TNL capacity could now be somewhere below 1Mbit/s, depending on the aggressiveness of the CAC. E.g., admitting 500kbit/s for the aggregate would be 50% of the peak (compared to 10% earlier) and still only 25% of the capacity of 20*100kbit/s that was needed earlier.

3. conclusions and proposal

As it can be seen from above, the transport resource issue is relevant primarily in AAL2 transport option. For this reason the new multiplexing approach is proposed to be an optional feature, targeted especially for environments where TNL capacity is at a premium. At the same time it is emphasised that also in IP transport option the new approach can provide significant capacity savings depending on the QoS and transport resource control mechanisms used in the TNL (so far unspecified). 

Related CRs (R3-022231,R3-022232) to the relevant 3GPP specifications have also been submitted to this meeting for RAN WG3 approval.
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