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1. Introduction

The Enhanced Uplink concept introduces a 2 ms TTI over the Uu interface. One of the benefits of this new short TTI is the reduced delay of the Radio Access Network. 

During the last RAN3 meeting in October, the impact of the new 2 ms TTI on the Iub/Iur user plane was debated ([1] and [2]). Contribution [1] favoured the present principle of the Iub/Iur user-plane protocol, where data frames are transmitted from the NodeB to the SRNC directly when there is data available in the NodeB. Contribution [2] suggested diverting from this principle by introducing a mechanism for payload buffering in the NodeB. The solution sketched in [2] was based on a Mac-e/es PDU bundling mechanism, where the payload from several Uu TTIs is buffered and bundled into larger Iub/Iur frames. Contribution [2] argued that the additional delay caused by the buffering and bundling is insignificant. 

In this paper, we argue that the Iub/Iur user-plane specification should retain its general principle of transmitting uplink data directly when there is some data available in the NodeB. This approach results in a particularly simple solution requiring minor changes to the Iub/Iur user-plane specification. 

Both contributions [1] and [2] anticipate that a potential delay increase due to a payload bundling mechanism is in the order of 10 – 12 ms. In this contribution, we show that such a delay increase would severely limit the achievable performance of a bearer optimised for delay-sensitive traffic. We argue that such an inherent limitation of the Iub/Iur user-plane protocol should be avoided. Thus, the payload bundling mechanism is not acceptable as a basic mechanism for Iub/Iur transport of Enhanced Uplink user-plane data. 

We are also concerned that a payload bundling mechanism would significantly increase the complexity of both the Iub/Iur user-plane and control plane specifications.

2. Discussion 
The document [3] defines a reduced delay as one of the main targets of the Enhanced Uplink feature. In addition, it states that the added value of any feature should be evaluated to avoid unnecessary complexity. 

The introduction of the 2 ms Uu TTI is one of the main new features facilitating a significant reduction of the uplink delay. The 2 ms Uu TTI can be supported over the Iub/Iur without any TTI-specific changes to the principles of the Iub/Iur user-plane operation. With the aim of providing both a delay-efficient and a simple solution, the Iub/Iur framing principle should be independent of the Uu TTI. Such a solution would comply with the principles of providing both performance and simplicity, as sketched in [3].  Simplicity and performance is achieved by retaining the principle in [4], where it is stated that the NodeB should transmit frames to the RNC whenever there is some data available for transmission.

However, the contribution [2] raises concerns that an Iub/Iur frame transmission frequency corresponding to the 2 ms Uu TTI may result in implementation related problems in the network nodes. Thus, contribution [2] depicts a solution where payload from subsequent Uu TTIs are buffered for less frequent transmission (10 ms interval) over the Iub/Iur. By comparing the anticipated delay increase of this additional function (in the order of 10 –12 ms) to the Quality of Service requirements in [5], it is claimed that the performance degradation of the bundling mechanism is insignificant.

However, the QoS requirements in [5] related to delay defines the upper limits at which a certain service still can operate without malfunction. Since the QoS requirements are the same for both Release 99 channels and Release 6, it is evident that the Enhanced Uplink should fulfil these worst-case requirements with great margins. Considerable end-user performance benefits can be achieved with a delay performance below these maximum limits. Should the frame-bundling mechanism be specified as the only Iub/Iur solution for 2 ms Uu TTI, we regard this as a severe limitation in the achievable delay performance of the Enhanced Uplink. In addition, this performance degradation would come with an additional complexity and could not be considered in line with the targets of the Enhanced Uplink feature as defined in [3].

The contribution [6] discusses the delay performance of the Enhanced Uplink and its effect on the end-user performance. Table 1 and Figure 1 include a delay-breakdown of the UE and the RAN (taken from [6]). The uplink delay can be calculated by adding the delays of the first four rows in Table 1. Corresponding delay components are coloured yellow in Figure 1.  Assuming a 2 ms TTI and the static processing/transmission delays as listed in the table
, the resulting uplink delay contribution of the RAN to the end-to-end delay calculates to 15 ms. The example assumes that the radio access bearer is configured for delay-sensitive services, including e.g. a HARQ operation that targets a single transmission. Thus, the example then shows the performance of the Enhanced Uplink for a delay-optimised bearer.
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Figure 1: Delay model. Yellow-coloured boxes denote delay components of the RAN uplink.
Table 1 Delay breakdown of system round trip time (from [6])

	Parameter
	Value
	Comment

	UE uplink processing delay, L2 and L1
	2.5 ms + TTIUL + 0.5(TTIUL
	TTI alignment is on average 0.5(TTIUL 

	Uu delay, uplink
	TTIUL
	

	Node B, uplink processing
	2.5 ms  + TTIUL
	

	Iub and RNC delay
	3 ms (3 hops assumed)
	Identical delays in UL and DL assumed. 

	Node B, downlink processing
	3 ms
	

	HS-DSCH scheduling delay
	3 ms
	Median scheduling delay for low load 

	Uu delay, downlink
	2 ms
	HS-DSCH is assumed

	UE downlink processing delay, L1 and L2
	4.5 ms
	

	Internet Delay
	Low and high delays approximated by 0 or 50 ms, respectively.
	0 ms correspond to the case with a server in the operators network


Comparing this 15 ms to an additional and inherent Radio Access Network delay of some 10 – 12 ms caused by a payload bundling mechanism, we regard the additional delay as unacceptable. The specification should not impose any such unnecessary and built-in limitations on the performance. 

We also have some concerns regarding the large packet sizes that may result from a frame-bundling mechanism (see also [1]). Very large frames could pre-empt the access to the transport medium affecting the QoS of prioritised traffic such as Iub/Iur control frames, control signalling traffic and conversational services.

We anticipate that any optional bundling mechanism would require substantial changes and increased complexity to the Iub/Iur user plane protocol specification. A potential gain of such a method would be a smaller Iub/Iur protocol overhead. However, the eventual gain of such a function calls for further evaluation, and it should be valued relative to the increased complexity it would bring. In addition, such a mechanism calls for configuration methods, which will have an impact on NBAP/RNSAP.
4. Proposal

We propose that RAN3 agree on the following:

The Iub/Iur user-plane protocol shall retain the principle of sending data from the NodeB to the RNC whenever there is data available for transmission.
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� Note that the processing/transmission delays could potentially be further optimised – it is only the TTI that has an inherent limits the delay-performance.  
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