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1
Introduction

Several documents have addressed the issue of repairing MBMS content sent on PtM channels. A number of companies have identified the so-called “PDAN solution” as the most viable, or the most feasible given the standardization timeline [1]. 
The PDAN solution provides repetitions of part, or all, of the data that was in error during a first multicast transmission, whereas the data in error is identified by periodic polling. A drawback of this repetition scheme is that many of the retransmitted data blocks will have already been received correctly by one or several MSs, and, therefore, those MSs would have to waste power while receiving data that for the most part was already received correctly, only to be able to recover the few erroneous data blocks.  

A solution to this problem has already been proposed in the scientific literature [2] and it can be described as "XOR Retransmission Technique". It has been shown that the XOR Retransmission Technique produces significant gains with respect to Selective Repeat protocols when the number of receivers (MSs) is bounded [3, 4]. This numerical bound is dependent on the contour conditions, such as the block error rate. The assumption of a limited number of receivers is in line with the existing assumptions of usage of the PDAN solution in 3GPP GERAN. 
Ultimately, the XOR Retransmission Technique aims at reducing the amount of data sent in the repetition, thus improving its efficiency. The following sections of this document describe the details of the technique. A separate contribution will provide simulation results.
2

XOR retransmission
2.1
Assumptions
The XOR Retransmission Technique assumes the following:

1.
The PtM transmission is composed by a set of RLC/MAC data blocks.
2.
Each data block is identified by a number (BSN) that is incremented with each new RLC/MAC data block.
3.
MSs can identify missing or corrupted data units in various manners. These include:

a.
Gaps in the sequence of the BSNs of the data blocks that are correctly received.

b.
Erasures that are communicated from the physical or MAC layer to the upper layers.

c.
Failures in the FEC of the upper layers, if present.

4.
Periodically, each of the MS sends a cumulative negative acknowledgement listing all the missing RLC/MAC data blocks in a bitmap. This is part of the so-called “PDAN solution” [5].
2.2
XOR Matrix

Upon reception of the reports, the network is able to build a matrix that summarizes the status of the delivery of the data units for each MS. We can assume that each column of the matrix corresponds to one MS, and each row corresponds to a transmitted RLC/MAC data block.

Entry m(j,k) of the matrix corresponds to row j and column k, and therefore to the status of the delivery of data block j to the receiver k.  This entry will be set to “0” if receiver k has indicated to have correctly received data unit j. It will be set to “1” otherwise. 


[image: image1.wmf]÷

÷

÷

ø

ö

ç

ç

ç

è

æ

k

j

j

k

m

m

m

m

j

k

block

data

MSs

,

1

,

,

1

1

,

1

...

...

...

...

...

...

1

...

1


If feedback from a MS has not been received, the corresponding column of the matrix can be set to all zeros, or the corresponding column can be removed from the matrix.  Rows that only include zeros represent data units that have been correctly received by all the MSs. 
2.3
XOR operation

After the matrix is completed for the relevant interval of RLC/MAC data blocks, the network can perform the XOR decision.  The XOR decision is based on the fact that two RLC/MAC data blocks that have to be retransmitted, respectively, to two different MSs (with the first MS missing the first block and the second MS missing the second block) can be XOR-ed as long as the first MS has previously correctly received the second block, and vice versa.  

The result of the XOR of two data units is a retransmitted block. By knowing which data blocks have been XOR-ed in the retransmitted block, the two MSs will be able to recover the one data block they are missing, each of them by performing a XOR operation of the retransmitted block with the corresponding correctly received block. 
Note that this process would be equivalent to a rate 2/3 block code with parity bits sent upon request. The following picture illustrates the principle.
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Figure 1
2.4
Extension of the XOR operation

This operation can be extended to the XOR of n data units within one retransmitted block. This is possible as long the transmitter ensures that:

1.
There is a header indicating which data blocks have been XOR-ed in the retransmitted block.
2.
All the involved MSs have correctly received all of the XOR-ed data units except one (and no more than one). 

a.
Note that, given a retransmitted block, the term “involved MSs” indicates those receivers who are missing one data unit among the XOR-ed data units. All other receivers will disregard the retransmitted block.

2.5
Analytical expression of the precondition for the XORing
The condition underlying the process described in section 2.3 can also be expressed analytically, as follows.

We will indicate with j1, j2 … jn n rows of the matrix.  These rows correspond to the packets that are candidate for being XOR-ed. These rows can also be non-consecutive.

We will also indicate columns (and MSs/receivers) with r, and assume that there are k columns (i.e. k receivers).

Data blocks j1, j2 … jn can be XOR-ed if
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The decision algorithm (which decides which blocks have to be XOR-ed) consist in a search of sets [j1 … jn] fulfilling the above condition.
2.6
Example

Let us refer to figure 1.  After the reception of the two bitmaps, the matrix looks as follows.
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Data units 1 and 4 have been correctly received by all MSs (to the best of the knowledge of the transmitter), and therefore are not involved in the XOR process. 

Data units 2 and 3 have been negatively acknowledged by MSs a and b, respectively.  By checking columns a and b, we can verify that a has negatively acknowledged ONLY data unit 2, and b has negatively acknowledged ONLY data unit 3.  Consequently, as discussed in the previous paragraphs, it is possible to retransmit one single block, formed by the XOR of data unit 2 and data unit 3.

2.7
Different prioritization of data blocks
In case not all the “1”’s in the matrix carry the same weight, the network could try to perform the XOR operation, in first approximation, only by considering data units that have been negatively acknowledged with high priority. This would in turn give a better chance of satisfying the condition seen above.

Priority could be dependent of various metrics. For example, blocks that have been negatively acknowledged by several transmitters could be considered as carrying higher priority. This has already been considered in [6], where only blocks that have been lost by a number of terminals exceeding a given threshold are considered for retransmission.
Afterwards, the network could reconsider the same matrix by taking into account data blocks with all priorities. Thus, high priority data units would effectively be considered twice, and would have a better probability of being recovered.
2.8
On the algorithm used to produce the XOR-ed blocks

The algorithm used to produce the XOR-ed blocks will not be included in the specifications, but can easily be found in the scientific literature [7].  
It will be appreciated that after the application of the algorithm, there will likely be some “leftover” blocks, i.e. blocks that cannot be XOR-ed with any other block. These “leftover” blocks will be resent following the usual procedures.
2.9
On the associated signalling

As mentioned in section 2.8, the algorithm to be employed by the network does not need to be specified. What needs to be specified is only the format of the XOR-ed transmission, i.e. the header format. 
In general, the header of the retransmitted blocks will need to indicate:
1. Whether this is a XOR-ed block or a “normal” block.

2. In case this is a XOR-ed block, which blocks have been XOR-ed.

The simulation results presented in [8] include a RLC header extension of 1 byte. Assuming that XORing of only two blocks is allowed, the extension would explicitly indicate the BSN of the XOR-ed blocks. 

The extension would apply to all blocks used for MBMS data-casting in case the XOR Technique is employed, irrespective of whether that radio block is carrying two XOR-ed blocks or a “normal” block. The results show that the marginal reduction in throughput due to the header extension is largely offset and compensated by the XORing gain.
To summarize, the proposed approach to signal the XOR operation is that:
1. Whether the radio block is a XOR-ed block or a “normal” block is indicated by an appropriate value of a header field. This could be for example a TFI value, or some other combination depending on the outcome of the discussion on TFI/MFI/addressing.

2. In case this is a XOR-ed block, which blocks have been XOR-ed will be indicated by two explicit BSNs. The first one will be in the BSN field of the header part. The second one will be in the header extension.

Other signalling techniques could also be explored. For example, instead of explicitly indicating the BSNs of the XOR-ed blocks, the header could indicate the delta between them in the sequence number space. This would be particularly useful if XORing of more than two blocks is permitted.

2.10
Applicability to GPRS and EGPRS

The XOR Retransmission Technique appears particularly suited for GPRS. The header extension does not have counter-indication from the coding point of view, as header part and data part are coded together, and no Incremental Redundancy is available in GPRS.
Some counter-indications may exist for EGPRS, where header and data are coded separately, and where Incremental Redundancy is possible.
For this reason, the simulation results of [8] focus on the GPRS case.

3
Conclusion

In this document we have outlined a technique to improve the PDAN-based retransmission protocol for MBMS. This technique, based on XORing of retransmissions, carries limited complexity, and it is largely based on an algorithm readily available in the scientific literature. 

Numerical results are provided in a separate document. Their inspection shows relevant gains consistently maintained for all considered scenarios. This recommends the consideration of the XOR retransmission technique for the standardization of MBMS in GERAN. 
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