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Introduction

At the RAN2 meeting #46, different contributions regarding the signalling of the MBMS transmission time difference information to the UE were discussed. The information is used to enable soft combining of two or more radio links in the UE. As a conclusion (Tdocs R2-050544 and R2-050747), it was agreed that the "MBMS transmission time difference" is indicated as a 2-bit integer (range: 0 to 3) for each S-CCPCH in a neighbouring cell that can be soft combined with an S-CCPCH of the current cell.

The agreement allows the UE to determine which transport blocks to be soft combined. However, an aspect that was not discussed in detail was the consequences of a potential drift of the frame timing between neighbouring cells and how the network should deal with the PTM RB reconfigurations that might be needed as a result of that.

Discussion

General

In many networks, the timing references of the different Node Bs are independent, and therefore, the relative timing of the fundamental frame structures of neighbouring cells may be completely random. Neighbouring cells could also have a certain time drift. As a consequence, the frame structures of the cells could be slowly sliding relative to each other. The absolute requirement on the timing reference of a cell is ( 50 ppb [TS 25.104]. With that accuracy, the relative time drift between two cells could be as much as half a slot per hour. (In the extreme case, the relative drift between two cells is 100 ppb ( 360 (s/h.)

Normally, the time drift between cells is of little significance for the network. However, when soft combining is used, the CRNC need to know the timing relations between cells, in order to keep within the constraints defined by the UE capabilities, when transmitting soft combinable transport blocks via a number of neighbouring cells. For the provisioning of the MBMS PTM radio bearers, two aspects should be considered:

–
The accuracy of the measurement of the relative frame timing of the neighbouring cells; and

–
The methods for controlling the frame timing and the methods for reconfiguration of the MBMS PTM radio bearers, if the frame timing slides out of the window defined by the UE capabilities.

Those aspects are particularly important, if it shall be possible to maintain the physical channels carrying the MBMS PTM radio bearers for long periods, ultimately indefinite periods, without interrupting the MBMS service. Certain means for managing the frame timing of the physical channels and a method for the reconfiguration of the MBMS PTM radio bearers are required.

Specific problems

The problem is illustrated in the figure 1 below. Assume that soft combining shall be possible between any pair of cells within a group of N cells. The cells are denoted: C1 to Cn. In order to meet the timing constraints imposed by the MBMS minimum UE capability, the RNC should select a set of transport blocks, one in each cell, such that the relative time difference (as experienced by the UEs) does not exceed one TTI (plus one slot) between any pair of those cells. 

Although the fundamental frame structures of the different cells might be completely desynchronised, selecting the set of transport blocks should always be possible, given that the timing of the frame structures of the different cells are known by the CRNC and that the variation in propagation delay (between the Node Bs and the UEs) is not too large. In the figure 1, a transport block is selected for each cell, such that the start of each transport block falls within a fictitious time window of one TTI (80 ms) in size. In this way, the CRNC can ensure that a UE is able to perform soft combining of any pair of those transport blocks.

The fictitious time window can be chosen quite freely by the CRNC. However once settled, it cannot easily be changed, because changing it would have an impact on the MBMS transmission time relations between many of the cells.
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Figure 1: Selection of transport blocks in the cells C1 to Cn

In the example in the figure 1, the cells Ca, Cb and Cc are positioned near the window boarders. The cells Ca and Cb are slowly sliding out of the window (indicated by arrows; Ca is sliding to the left and Cb to the right). If continuous MBMS transmission shall be supported, at a certain point in time, the CRNC needs to take an action to reconfigure the MBMS transmission time relations. If not, the transport blocks will slowly slide apart, so that the timing constraint defined by the UE capability is no longer fulfilled.

Such actions could involve shifting the transport block of cell Ca into the alternative position indicated in the figure 1. They could also involve shifting the fictitious time window of one TTI size either to the left or to the right, to prevent transport blocks at one end from sliding out of the window. Whichever action to be taken, the CRNC requires accurate knowledge about the actual timing of the MBMS transmissions in each cell. The required precision in these decisions may be less than a slot (( 0,67 ms).

A certain margin is also needed to accommodate the variation of propagation delay between the Node Bs and the UEs. The remaining margin needs be cut in two, to accommodate for both positive and negative measurement errors. The required accuracy of the measuring used for the determination of the relative timing of the MBMS transmissions could thus be down to just a few hundred microseconds.

It is the opinion of the proponent(s) that something needs to be done to relax the accuracy requirements of those measurements. The main reason is that the CRNC should be able to perform those measurements using signalling procedures over the Iub. Existing methods can be used for that purpose, although they do not provide the required precision based on the existing margins. A precision of a few milliseconds (e.g., ( 2 ms) seems realistic. That would correspond to a required margin for the timing of the MBMS transmissions in the order of a frame period (10 ms), rather than a single slot.

There are, of course, other measuring methods, which could provide a better precision than the measurements across the Iub, but those do typically rely on the availability of certain external equipment, like using a GPS receiver to provide a local reference at each Node B, or letting the UEs perform measurements of the observed time difference between the cells and reporting back to the RNC. However, it would be beneficial not to rely on external equipment for these measurements. It should be possible to meet the MBMS requirements for soft combining based on UTRAN internal measurements, and for that purpose, the timing margin needs to be increased. A timing margin of 10 ms, as suggested above, should be quite sufficient.

Potential solutions

In general, the solution proposed here is based on the idea of offsetting the S-CCPCH frame timing relative to the SFN timing of the individual cell. The offset should be on a sub-TTI level. Using an offset of the frame timing, the transport blocks of the different cells could be gathered towards the centre of the fictitious time window of one TTI in size, discussed in the previous section. In that way, the margins at the boarders of the fictitious time window could be increased.

The idea is illustrated in the figure 2 below. In this example, a timing offset of 10 ms is applied to the S-CCPCHs of the cells Ca and Cc. It means that a 10 ms margin is created at the left end of the fictitious time window of one TTI in size.

If the transport block of cell Ca needs to be shifted into the alternative position indicted in the figure, in order to compensate for the time drift, the timing offset can be removed. The effective adjustment would then be one TTI minus the size of the offset. It should then be clear that the required precision in the measurement of the actual transmission timing becomes much less critical.
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Figure 2: Timing margin created by introducing a configurable sub-TTI
timing offset for the S-CCPCHs carrying MTCH

Different arrangements of the timing offset could be discussed for this purpose. One solution could be to use the existing (R99) S-CCPCH timing offset (0 to 38144 chip in steps of 256 chip). However, the granularity of the existing S-CCPCH timing offset is not needed for this purpose, it would only generate an unnecessary signalling overhead. It would therefore be preferable to have a fixed offset in the order of 10 ms that can either be switched on or off on a per cell and S-CCPCH basis. The signalling means for indicating the presence of an offset to the UE would then be needed in the MBMS NEIGHBOURING CELL PTM RB INFORMATION (one bit per S-CCPCH).

Another possibility would be to provide support for a range of offset values, like 0 to 70 ms in steps of 10 ms. That would not be strictly necessary to handle the uncertainty inn the measurements discussed in this paper, however, it would allow the CRNC to gather the transport blocks of the different cells within a fictitious time window much smaller than the current 80 ms. With the same margin for the measurements, the fictitious time window could be reduced to just 20 ms. That would then allow a reduction of the UE requirement to handle the relative timing of soft combinable transport blocks down to 20 ms (instead of the current 80 ms plus one slot). A drawback with this arrangement would be that the signalling of the offset value would require three bits (instead of one) per S-CCPCH in the MBMS NEIGHBOURING CELL PTM RB INFORMATION.

A fixed timing offset of 10 ms that can be either switched on or off would be sufficient to provide the necessary margin for the relative timing measurements. 

Reconfiguration of the PTM RB timing information

A related aspect of this proposal is the signalling procedure that is required to reconfigure the PTM RB configurations for MBMS, when the CRNC switches the timing offset discussed in the previous section on and off for a certain S-CCPCH in a cell and/or changes the "MBMS transmission time differences" between neighbouring cells. In particular, if a "seamless" transmission of MBMS shall be possible during those operations, the design of the procedure to be applied by the CRNC could be somewhat critical.

There is no particular support for a signalling procedure of this kind in the MBMS RRC protocol, as defined so far. However, it is the understanding of the proponent that such a signalling procedure could be designed, based on the elements of the current MBMS RRC protocol. Consequently, this is an issue that could be left for the RNC manufacturer to design.

If a "seamless" transmission of the MBMS services shall be supported during the procedure, the procedure should involve the moving the active MBMS sessions between independent physical resources (different S-CCPCHs) of the affected cell, i.e., the cell where the position of the transport block is changed. The MBMS PTM RB information needs to be updated accordingly, in the affected cell, and in all neighbouring cells providing soft combinable S-CCPCHs. The mechanisms for those operations should be available in the MBMS RRC protocol as of today.

The only change foreseen in the MBMS RRC protocol is the information that is needed for the signalling of the new S-CCPCH timing offset to the UE. It is proposed that this information is provided for each S-CCPCH in the MBMS NEIGHBOURING CELL PTM RB INFORMATION and in the MBMS CURRENT CELL PTM RB INFORMATION.

Conclusion

The discussion above has shown that in order to allow for a reasonable uncertainty (plus/minus a few milliseconds) in the measurement of the relative frame timing of neighbouring cells, a new kind of timing offset is needed for the S-CCPCHs carrying MTCH. The offset is only needed when soft combining shall be applied. It is needed to enable the CRNC to guarantee that the relative timing of soft combinable transport blocks is compatible with the MBMS minimum UE capability. It is proposed that a new kind of timing offset is introduced for that purpose.

The new kind of timing offset could be designed as a fixed offset (e.g., 10 ms), which can be switched on and off on an S-CCPCH and on a cell basis.

A more advanced design could use a range of offset values with equal steps from zero to one TTI size (minus one step size, e.g., 0 to 70 ms in steps of 10 ms). The advantage with that alternative is that it could allow for a reduction of the UE requirement regarding the relative timing of soft combinable transport blocks. With a step size of 10 ms, the UE requirement could be reduced from one TTI size down to about 20 ms.

RAN2 is kindly asked to consider the introduction of this kind of timing offset for the S-CCPCHs carrying MTCH and, if possible, to endorse the introduction of such. If the solution would be agreed in principle, Ericsson would be happy to provide the necessary change request to the affected technical specifications to the following meeting.
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