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Introduction

In the discussions on MBMS the introduction of new solutions (e.g. simulcast or long block coding) that optimize the delivery of MBMS content over the radio interface have often been resisted, claiming that existing R'99 specifications solutions (longer TTIs and Tx Diversity) can provide an acceptable means for MBMS transmission. In this paper we show that the theoretical performance achievable by R'99 solutions requires significant changes in the UTRAN or a major increase in the UE complexity.
Tx Diversity
It has been claimed that the existing open loop Tx Diversity scheme (STTD) can be directly applied to MBMS transmission. Support for STTD is in fact mandatory in R'99 UEs, but it is not clear how many initial UTRAN deployments are taking advantage of STTD.
In the very likely case of an operator with deployed UTRAN without STTD, the support of MBMS services would require significant new investments, if STTD is necessary. It is important to note the following points:

1. The addition of STTD to an existing network may require hardware and/or firmware changes to all the Node B that have to be upgraded ;
2. Without alternative solutions, STTD would be necessary not only to improve the efficiency of MBMS content delivery, but also to make possible MBMS services at 128 Kb/s, as it has been shown by analysis developed in RAN1 [1];

3. It is doubtful that the addition of STTD alone would even be sufficient to deliver MBMS content at 256 Kb/s, which is a required data rate for MBMS [2].
Longer (>20 ms) TTIs

Most of the analysis on the effect of MBMS on system capacity has been conducted using the reference S-CCPCH configuration included in TR 34.108. Such configuration uses a 20 ms TTI. It has been claimed that it would be enough to use a longer TTI value to achieve a better efficiency over the radio interface. While this argument is academically correct, it overlooks an important system issue: The physical layer memory in the UE required to support longer TTI values exceeds the value of physical layer memory currently specified for the existing UE classes, as shown in [3].
	Data Rate of MBMS service
	UE class

	
	32 Kb/s
	64 Kb/s
	128 Kb/s
	384 Kb/s
	768 Kb/s
	2048 Kb/s

	32 Kb/s
	20 ms
	80 ms
	80 ms
	80 ms
	80 ms
	80 ms

	64 Kb/s
	-
	40 ms
	40 ms
	80 ms
	80 ms
	80 ms

	128 Kb/s
	-
	-
	20 ms
	40 ms
	80 ms
	80 ms

	256 Kb/s
	-
	-
	-
	20 ms
	40 ms
	80 ms


Table 1
Maximum TTI Duration as a function of UE Class and MBMS Data Rate

The table above shows that the TTI duration for transporting MBMS content on S-CCPCH cannot be arbitrarily chosen. It is a function of the smallest UE class being served. Typically, if the UE belong to the class x Kb/s class, it cannot support x Kb/s with TTI longer than 40 ms. In most scenarios, the TTI duration cannot exceed 20 ms.

This implies that, unless only 384 Kb/s class UEs are being served, the diversity gain associated with 80 ms TTI can never be achieved across all data rates. Moreover, even the 384 Kb/s class UEs can not take advantage of longer than 20 ms TTIs if the MBMS data rate is 256 Kb/s.
The analysis above is conservative, since it does not take into account the equivalent of the FACH measurement occasions. The R'99 UE in CELL_FACH state is required to measure interfrequency and inter-RAT cells during FACH measurement occasions. The basic R'99 mobility is based on the fact that the UE which is not in CELL_DCH is able to autonomously select a better frequency or a better RAT. This is based on the paradigm that UE mobility on common channels is not a function of the services the UE subscribes to. This was decided back in 1999. Even if we decided to modify this general rule for MBMS service, we would still need measurement occasions when receiving the MBMS content, since we can assume that MBMS services will be provided on multiple frequency, and probably on multiple RATs (e.g. GSM).
If we accept the conclusion that measurement occasions are needed, it is obvious that the longer the TTI, the higher the power that would have to be used to make up for the gap. In fact, it may seem that the measurement occasions overhead needed to perform such measurements is not related to the TTI length, but, unfortunately, the TTI length affects the latency with which the inter-frequency and inter-RAT measurements can be performed, and as a result the overhead. 
	
	Minimum interval between measurements [ms]

	TTI length
	320
	640
	1280
	2560

	20
	6.25%
	3.13%
	1.56%
	0.78%

	40
	12.50%
	6.25%
	3.13%
	1.56%

	80
	25.00%
	12.50%
	6.25%
	3.13%

	160
	50.00%
	25.00%
	12.50%
	6.25%

	320
	100.00%
	50.00%
	25.00%
	12.50%


Table 2
Measurement occasions overhead [percentage of time]

The table above assumes that a measurement occasion should only last for the duration of a whole TTI, which is similar to the way measurement occasions are defined in R'99 systems. Of course, new techniques could be used to avoid the problems described above. As example the long block coding scheme described in [4] does not have such problem, since the inner code blocks can always be 20 ms long.
It has to be noted that the measurement occasion overhead shown on table 2 translates into a requirement for a higher rate transmission over the S-CCPCH, which in turn results in higher power requirement.
Forward compatibility considerations
In [5], [6], [7] and [8] we have described some of the issues associated with simulcast and we recognize that there are standardization, deployment and planning issues associated with this technique. We also recognize that simulcast as we propose it can not and should not be used in all scenarios.

On the other hand, autonomous combining in the UE as we propose it does not modify the baseline UE architecture and consists in processing common channels in the same way the UE processes dedicated channels in R99. This technique is therefore readily available in the UE; it obviously requires some SW and possibly FW changes which should not represent major design efforts.

Based on the above it is clear that we are in the situation where a feature which benefits the system as a whole is likely to take more effort and time until it is available in the network than to make it available in the UE. Given the “one to many” nature of MBMS services and the fact that the amount of resource necessary to cover a set of UE is related to the UE which requires the most resource it is clear that the network will not be able to benefit from improvements introduced after the initial MBMS release until the complete UE base is replaced with UE complying to the improved release. Consequently, it is important that any reasonable enhancing technique which is available today be supported by all MBMS UE from the beginning; this would allow operators to later introduce support for such techniques in the network and benefit from the associated performance or quality improvements without replacing the legacy terminals. Similar approaches have been used for example for the frequency hopping technique in GSM or transmit diversity techniques in UTRA.

Forward compatibility is very important for MBMS due to the nature of service but also due to the timeline for its availability. Indeed MBMS will be part of Release-6 or even Release-7; at this stage it is quite difficult for anyone to predict to what extent, how and where MBMS services will be used by the time Release-6 or Release-7 networks and terminals are in place. Limiting the scope and efficiency of MBMS at this stage will increase the probability that the service will not be supported in a satisfactory manner by the time it becomes commercially available.
Conclusion

In this document we show that even if existing R'99 solutions are used for the delivery of MBMS content over the radio interface, operators will still have to significantly upgrate existing UTRAN deployments, and UE manufacturers will have to design new hardware (with much more physical layer memory). We also point out that initial MBMS deployment have to take into account forward compatibility issues, since the first generation of low-end MBMS terminals will constrain the MBMS network deployments for several years.
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