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Introduction

The MBMS content can be delivered on Point to Point (PtP) connections or on Point to Multipoint (PtM) connections. The operator will select which one to use on a cell by cell case, based on the number of UE interested in receiving the MBMS content.

When the UE moves from one cell to the other, or when the delivery of MBMS content changes from one mode to the other in the serving cell, the UE may experience a transition.
The purpose of this document is to illustrate how the introduction of an outer code can mitigate the loss of data that may occur during such transitions.
Discussion

There are 4 possible inter-cell transitions:

· From PtP in cell A to PtP in cell B

· From PtM in cell A to PtM in cell B

· From PtP in cell A to PtM in cell B

· From PtM in cell A to PtP in cell B

And 2 possible intra-cell transitions:

· From PtP in cell A to PtM in cell A

· From PtM in cell A to PtP in cell A

The use of the outer block will make possible a seamless transition for each of the 6 cases above, i.e. the error correcting capabilities of the outer block will help to eliminate, or, at least, to minimize the loss of MBMS content also during these transitions.  Intra-cell transitions, even if less frequent of inter-cell transitions, are also taken into account.

The 6 transitions can also be organized into:

4 cross transitions (PtP ((PtM)

· From PtP in cell A to PtM in cell B

· From PtM in cell A to PtP in cell B

· From PtP in cell A to PtM in cell A

· From PtM in cell A to PtP in cell A

And 2 direct transitions (PtP((PtP and PtM((PtM)
· From PtP in cell A to PtP in cell B

· From PtM in cell A to PtM in cell B

The most frequent transition is probably going to be the PtM to PtM across cell boundaries. In this case the outer code can help minimize the service interruption, as showed in the following figure.
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Fig. 1. PtM (( PtM transitions
In the above figure, the header of each inner block is shown in yellow.  The scenario here depicted assumes the following UTRAN and UE requirements:

UTRAN requirements:

· the content is sent using the same outer block coding across cells

· the same numbering is used on blocks carrying the same data in neighbour cells

· outer blocks of the same number have to be sent relatively aligned in time (loose alignment)
· UTRAN has to control the delay jitter on PtM transmission across cells

· the maximum misalignment of PtM transmission across the cells controlled by an RNC should be bounded

UE requirements:

· the buffer space has to accommodate about 2 outer blocks

· memory for one outer block is needed to accumulate the current one

· memory is needed to accumulate inner blocks during RS decoding

· memory is needed to compensate for inaccuracies in the time alignment across base stations

· memory may be required to equalize the delay jitter

· This is only needed by streaming applications

· Not needed if "download and play" is used

· the UE has to be able to decode an outer block while the next one is being received

The amount of memory in the UE can be traded off with the accuracy in the time alignment of PtM transmissions across neighbouring cells. This means that, if the memory requirement in the UE is relaxed, the time accuracy of PtM UTRAN transmissions is increased.

In PtM we can not rely on any UE specific feedback information available in the RNC, but in the PtP transmission we can assume that the UE could inform the RNC of the number of last outer block correctly received before the transition.  This should apply to any transition to PtP (from PtM or from PtP).  If this feedback is not deemed acceptable, UTRAN could estimate which is the last outer block that was most likely received by the UE before the state transition.  This estimate could be based on the knowledge of the maximum time inaccuracy foreseeable between distinct cell transmissions, and based on the outer block that is currently being transmitted or that will soon be transmitted in the target cell.

In order to minimize or eliminate the loss of data in the cross transitions, UTRAN should rely as much as possible on the very low residual block error rate that is guaranteed by RLC AM in PtP transmission to recover all the inner blocks that could be lost in PtM transmission. This can be better explained with a diagram.
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Fig. 2. PtM (( PtP transitions
Assuming the same bit rate (at Layer 1) for PtM and PtP, we can note that the PtP transmission allows to send MBMS payload blocks faster than PtM transmission, since we can estimate that on average the fraction of retransmitted blocks is going to be lower than the fraction of parity blocks.  This allows to make up for the lost payload blocks, when moving from PtM to PtP by simply restarting from the beginning of the current outer block, once the PtP link has been established on the target cell.  More in general, the UE can put together inner blocks received in PtM (old cell, or before transition) and in PtP (new cell, or after transition) and be able to recover the outer block correctly.  This also applies to the opposite transition as well, i.e. from PtP to PtM.  In this case, since it is not possible to align the PtM transmission in order to please the new terminal that is joining the PtM transmission, the UE will have to combine inner blocks received before the transitions and inner blocks received after the transition that belong to the same outer block.  UTRAN can facilitate this process by slightly "anticipating" the transmission of outer blocks to all the users that receive MBMS content from PtP links with respect to the transmission on PtM links.  We can call this time "time anticipation", and it could be expressed in number of inner blocks.  In this way, when such users will transition to a PtM transmission, even if they do not have any communication link during the transition time, they are allowed to lose up to "time anticipation" number of inner blocks without compromising the QoS of the MBMS reception.  If the UE start MBMS reception directly in PtP, UTRAN could apply the "time anticipation" immediately at the beginning of the PtP transmission.  If the UE moves from PtM to PtP, UTRAN can slowly anticipate the transmission of outer blocks by avoiding empty inner blocks (TF 0), until the anticipation reaches the required "time anticipation" number of inner blocks.  From that point onward, UTRAN can keep the "time anticipation" constant.
The scenario here depicted assumes the following UTRAN and UE requirements:
UTRAN requirements:

· The RNC should coordinate PtP transmissions with PtM transmissions

· When starting PtP transmission toward a UE, the RNC will start from the beginning of the outer block that is currently being transmitted in PtM

· The RNC should anticipate the transmission of the subsequent blocks

· Up to the maximum allowed by the UE buffer requirements

UE requirements:

· UE is capable to use in the PtM RS decoding inner blocks received from PtP Tx

· Tx is capable of equalizing the delays due to the PtM <-> PtP transitions

· UE minimum buffer requirement will be specified

The direct transition PtP (( PtP between cells is probably the simplest one, since we can assume that it will be performed similarly to an R'99 soft handover or hard handover.  The only scenario worth analyzing more in detail is the SRNS relocation.
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Fig. 3. (Lossy) SRNS relocations in PtP
Even without coordination between the two RNCs, it is likely that the target RNC will be able to figure out which is the latest whole outer block received by the UE.  This estimate could be based on the timing of the MBMS content received by the RNC on the Iu interface.  Considering that when using PtP transmission the RNC is able to make up an initial delay, no part of the MBMS content will be lost, even without requiring lossless SRNS relocation.
Conclusion

The introduction of the outer code in MBMS not only improves the system capacity, as shown in previous contributions, but also allows seamless transitions between cells and between PtP and PtM.  The outer code can be designed in such a way to maximize the protection guaranteed to such transitions.
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