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1 Introduction

Radio spectrum is the rarest and the most expensive resource in the UTRAN. Therefore, all means should focus on the best utilisation of this resource.

The most expensive transport resources after the radio spectrum are the Iub resources, followed by Iur resources.

This contribution is intended to show that radio spectrum optimisation is not contradictory to Iub/Iur bandwidth optimisation in the UTRAN. In other words, it is possible to optimise Iub/Iur bandwidth utilisation without degrading radio spectrum utilisation.

It also shows an example where radio spectrum is used efficiently and Iub/Iur bandwidth is optimised by introducing two traffic classes.

2 Discussion

2.1 Radio resources optimisation

Radio resources are controlled at three different levels in the downlink:

1- At “static” SRNC/CRNC level: Radio Admission Control (RAC) applies before RAB (or Radiolink) is established. Based on RAB parameters, known load, etc., RAC accepts or rejects the RAB/Radiolink setup request.

2- At Node B/UE level: Node B and UE control the DL and UL resources in a dynamic way, mainly by Inner Loop Power Control. This control applies once the RAB is established and is very fast.

3- At “dynamic” SRNC/CRNC level: MAC-d in SRNC or MAC-c in CRNC is responsible for the scheduling of user data MAC-PDUs. This scheduling applies once the RAB is established.

These entities are intended to send MAC-PDUs at the appropriate TTI on the air: 

· MAC-d is responsible for the CFN in case of DCH transport channel,

· MAC-c is responsible for the SFN in case of FACH transport channel.

MAC scheduling is the most efficient when it knows exactly the amount of radio resources that will be available for a given CFN/SFN before allocating that CFN/SFN to a MAC-PDU. 

Due to fast power control between the UE and the Node B, it is not possible for the SRNC or the CRNC to be informed on the availability of radio resources sufficiently in time: the power control occurs at each slot (0.625 ms). Since a step could be up to 2 dB, this means up to 2 x 15 = 30 dB every 10 ms frame. There is no fast enough signalling from the Node B to inform the SRNC/CRNC on time.

Therefore, MAC layer does not get more information on the radio resources availability for short coming TTI’s than for distant TTI’s. In those conditions, MAC layer is limited to quasi-statistical multiplexing and cannot rely on real-time radio resources availability.

Additional following constraints come from macrodiversity and mobility in UTRAN:

1. Macrodiversity:

In case of macrodiversity, a SRNC has to allocate the same CFN to all the Radio Links. In the case of stringent delay objectives between SRNC and the Nodes B, the efficiency of the radio resources usage is questionable.

2. Distributed SRNC’s:

A given cell may be shared by several users involving several SRNC’s at the same time. Since a RNC cannot be aware of the instantaneous decisions of another RNC, it is not possible for that RNC to know what amount of radio resource is left for a given TTI. A consequence is that the Node B may not be able to send all the downlink MAC-PDUs coming from SRNC’s/CRNC for a given TTI. It may have to discard some MAC-PDUs according to their “discard priority” given in NBAP messages.

2.2 Iub/Iur bandwidth optimisation

According to all simulations, the bandwidth use can be optimised by a huge amount, by introducing segmentation/reassembly and transfer-delay/priority-differentiation at Transport Layer (AAL2, ATM, IP, etc.). Refer to [1] and [2].

3 Iub/Iur traffic classes

This section shows an example where radio spectrum is efficient and Iub/Iur bandwidth is optimised.

Let us consider a configuration with two SNRC’s and one CRNC, which controls one Node B. And one cell in this Node B.

We take the example of DCH’s only used for Conversational and Streaming traffic, and FACH/RACH for Interactive and Background traffic.

Transfer Delay between SRNC and Node B for Conversational and Streaming Class traffic should be in the order of magnitude of 5 ms per interface. Whereas on Iur, the transfer delay for Interactive and Background Class traffic should be less stringent (i.e. in the order of magnitude of 50 ms per interface) since the scheduling between users flows is done in MAC-c (CRNC). Note that those figures are not defined, the main idea is to consider two transfer delays “Stringent” and “Tolerant” as per ITU-T recommendation I.356.

In addition, as shown above, MAC-c has not a better knowledge of available radio resources for short coming TTI’s than for distant TTI’s (50 or 100 ms later), and it can send MAC-PDU’s with distant SFN’s without significant radio spectrum degradation.

Therefore, we can assume “Tolerant” delay for MAC-c PDU’s over the Iub when these PDUs carry interactive or background traffic.

The use of Stringent and Tolerant delays over Iur and Iub is shown in the following figure.
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4 Conclusions

The radio spectrum cannot be optimised in the MAC layer by restricting the CFN/SFN allocation to short coming TTI’s. Therefore, stringent delay objectives on Iur/Iub are not needed for interactive or background class traffic. 

It is then possible to save Iub/Iur bandwidth by implementing priority differentiation at Transport Layer since it does not impact significantly the radio resource optimisation.

5 Proposal

It is proposed to split Iur/Iub delay requirements into stringent delay requirements and tolerant delay requirements, and to associate these delays to RAB Traffic Classes (Conversational, Streaming, Interactive, Background), in section 12.1 (UTRAN Delay Requirements) of TS 25.401 [3] and Delay Budget TR [4].
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