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Introduction

It has been shown [5] that simulcast transmission of MBMS content allows the utilization of autonomous soft combining in the UE. The capacity gains of these techniques have been discussed in RAN1 [7]. The purpose of this document is to show how simulcast transmission can be achieved in UTRAN networks, with minimum or no changes to the R-99 UTRAN interfaces. It is also discussed the use of simulcast transmission at the border of the MBMS service area.
Discussion

Timing considerations

It is desirable that the autonomous soft combining of the MBMS content in the UE would require the same amount of physical layer memory that is needed to perform the soft combining of the R'99 DPCH, i.e. the memory required by the R'99 macro diversity. In R'99 the UE is required to soft combine DPCH signals from different Node Bs, provided that these signals are received within a time window of +/- 148 chips.
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Figure 1. Hexagonal base station layout
If we assume omnidirectional cells, and we call R the radius of a cell, then the distance D between neighbour base station antennas is:
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Figure 2. Time offset due to different propagation delays
Case A: Differential propagation delay perceived by a UE which is colocated with one base station antenna
If we assume that the MBMS transmission is perfectly aligned in the base stations, the UE could receive the signals with an offset due to the different propagation delays:
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Case B: Differential propagation delay perceived by a UE which is at the edge of the soft handover area (assumed to start at a distance D/4 from one base station antenna)
In this case the time offset is:
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The differential delay due only to the different propagation delay is listed in the following table for different values of cell radius. Case A is probably the worse case (max delay = D/C, where C is the speed of the radio signal), while Case B is a more "realistic" worse case (max delay = R/C, if the UE is at the edge of the soft handover area):
	Max cell radius
	Max delay: Case A
	Max delay: Case B

	R [Km]
	D [Km]
	D/C [µs]
	D/C [chips]
	D/(2C) [µs]
	D/(2C) [chips]

	1
	1.73
	5.77
	22
	2.89
	11

	2
	3.46
	11.55
	44
	5.77
	22

	3
	5.20
	17.32
	67
	8.66
	33

	4
	6.93
	23.09
	89
	11.55
	44

	5
	8.66
	28.87
	111
	14.43
	55

	6
	10.39
	34.64
	133
	17.32
	67

	7
	12.12
	40.41
	155
	20.21
	78

	8
	13.86
	46.19
	177
	23.09
	89

	9
	15.59
	51.96
	200
	25.98
	100

	10
	17.32
	57.74
	222
	28.87
	111

	11
	19.05
	63.51
	244
	31.75
	122

	12
	20.78
	69.28
	266
	34.64
	133

	13
	22.52
	75.06
	288
	37.53
	144

	14
	24.25
	80.83
	310
	40.41
	155


Table 1. Offset values in the UE
The R'99 UEs are able to soft combine signals received within a time window of +/-148 chips, i.e. with a maximum delay of 296 chips. If the maximum cell radius is 5 Km, the above table shows a maximum delay of 55 chips (Case B) due to propagation delays. A R'99 UE would therefore be able to accommodate 296-55=241 chips of time inaccuracy in the simulcast transmission of the MBMS content. In such a case (5 Km max radius), the MBMS transmission would need to be aligned within 241 chips (63 µs) in order to be soft combined by a UE which supports only a +/-148 chips receive window, i.e. similar to R'99.
There is a clear trade-off between the time accuracy required in the simulcast transmission and the UE receive window. If the receive window requirements for MBMS capable UEs is extended, the accuracy required in the simulcast transmission from distinct Node Bs is relaxed by the same amount.

Time alignment of simulcast transmissions

In order to maintain the required accuracy in the simulcast transmission toward the UEs, the RNC needs to compensate time misalignments among the involved Node Bs. This is similar to the offset between P-CCPCH and DPCH transmissions employed to allow R'99 soft combining of the DPCH in the UE. The main difference is that for DPCH the time offset is derived by measurement reports sent by the intended UE, while, in case of simulcast transmissions, the offset could be calculated in multiple ways.
In the most general case Node B transmissions are not time aligned, and the transmissions of two neighbour Node Bs could be constantly drifting apart. In this case the RNC would have to estimate the initial offset (e.g. between P-CCPCH of each Node B) in order to compensate it when the simulcast transmission is started. The RNC would also have to monitor it (e.g. offset between P-CCPCH transmissions of the Node B) so that it could reconfigure the simulcast transmission to keep it within the required time accuracy. This is similar to the reconfiguration of a DPCH in which the offset of a single radio link is modified.
There could be several implementation specific methods used to estimate the initial offset (and its evolution in time) between different Node Bs. Some of them may not require standard changes. For example, the RNC could use recent R'99 measurement reports of users in the soft handover area between two Node Bs. Alternatively, each Node B could derive its P-CCPCH timing from the timing of the physical layer used by the Iub interface, and the RNC could then monitor or control the time offset between the physical layer of all the involved Iub interfaces. The time accuracy specified in R'99 for the physical layer of the Iub interfaces is perfectly suitable to achieve the level of time alignment required by simulcast transmissions. In fact, in [14] it is stated:

[…]

The jitter and wander performance requirements on the interface shall be in accordance with either Reference [1], [2] or [3], whichever is applicable.

The synchronisation reference extracted from the Iu may be used as UTRAN synchronisation reference. A general recommendation is to supply a traceable synchronisation reference according to reference [4].

[…]

The same requirements are applicable to Iub [15] and Iur [16].
If a standard method for aligning the simulcast transmission has to be specified, a new NBAP procedure could be defined.
Simulcast transmission at the border of an MBMS service area
If MBMS service areas with identical content are one cell wide, the simulcast transmission will likely not gain much in term of capacity, but it could still help the operator to balance the network load. In fact, in order to provide the benefits of autonomous soft combining, the operator would have to transmit the same content also in all the neighbour cells (see Fig. 3). If we assume 6 neighbour cells, there would be a loss of 7.8 dB (factor of 6) due to the MBMS transmission sent 6 more times in downlink, and there would also be a gain due to autonomous soft combining of between 3 and 7 dB [12]. However, the operator could still prefer to use the simulcast transmission if there is not enough power in the central cell (lot of power is required without simulcast transmission), but there is available power in the neighbouring cells.
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Figure 3. Single cell MBMS service area
Assuming that an operator has 10000 UMTS cells or more, it is very unlikely that 10000 or more distinct versions of "localized" content will be developed. Even if localized content is used, it will probably be city-wide. If one operator wants to develop localized content cell-wide, it can still do this and decide to use simulcast transmission on the ring of cells around each cell (yellow), or, as an alternative, to use more power on the single cell and avoid the simulcast transmission altogether. 

A more representative and interesting situation is when the border between the MBMS area and the non MBMS area is complex (see Fig. 4). In this case the green cells (bright green and light green) are part of the MBMS service area, all the other cells are not.

We can note that the red cells have 3 neighbour cells that are part of the MBMS service area. In that case we can assume that it would probably be convenient from the capacity point of view to transmit the MBMS content from the red cells. On the contrary, the yellow cells have only one neighbour cell that is part of the MBMS service area. In this case, it could be decided to increase the power of the MBMS transmission in the bright green cells or, alternatively, to have simulcast transmission in the yellows cells. The operator may also decide to do nothing with respect to the border between yellow and bright green cells, and accept the fact that the MBMS service area will be "dented" inside the bright green cells.
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Figure 4. Border of an MBMS service area
Conclusion

This document has discussed several aspects of the simulcast transmission of MBMS content in UTRAN. It has been shown how the receive window (+/-148 chips) specified for R'99 UEs could be sufficient to provide the benefits of the autonomous soft combining. A larger receive window in the UE would help to reduce the timing requirements on the UTRAN side. Possible techniques to achive the time alignement required in simulcast transmissions have been mentioned. Finally, some resource management considerations have been analysed with respect to the use of simulcast transmissions on the border of MBMS service areas.
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