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1
Introduction

This document reports a set of Proposals (namely A, B, and B*) for counting, addressing the MSs and managing the RLC/MAC Ack/Nack in MBMS.

The main difference among the Proposals A, B, and B* is: 

· Proposal A   (Sect. 2): the Packet Paging Response is delivered to the SGSN;

· Proposal B   (Sect. 3): the MBMS Service Request is delivered to the BSS;

· Proposal B* (Sect. 4): the MBMS Service Request is first delivered to the BSS, then the BSS sends the message to the SGSN. 
The RLC/MAC Ack/Nack management is common for all the 3 Proposals.

The MS counting and addressing is common for Proposals B and B*; it differs in Proposal A. In all the 3 Proposals the MS counting and addressing is performed inside the RAN by the BSS.
Pros and Cons of each Proposal are addressed in Sect. 5.  

This set of Proposals is alternative to the CFCH Proposal: a comparison is provided in Sect. 6.

Based on this comparison, Sect. 7 reports the conclusions, suggesting to select one among the described Proposals A, B, and B* as the way forward for the MBMS standardisation process.

 2
Proposal A with Packet Paging Response
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2.1
MBMS Assignment

As far as an MS in STANDBY state or READY state and packet idle mode is concerned, on reception of a (Packet) Paging Request on CCCH (PCCCH if available) and of an MBMS Notification message, that MS will send a Channel Request on RACH (or a Packet Channel Request on PRACH if PCCCH is available), with page response as an establishment cause; the BSS will send an Immediate Assignment on AGCH (or a Packet Uplink Assignment on PAGCH if PCCCH is available). On the assigned PDCH the MS will send the Packet Paging Response, including its TLLI, which will be delivered by the BSS to the SGSN.

As far as an MS in READY state and packet transfer mode is concerned, that MS may have an active DL TBF or an active UL TBF or both (starting from Rel-5 MSs, multiple TBFs are possible on the same direction). The MS will receive the Packet Paging Request on PACCH. The BSS will send the MBMS Notification message. If an UL TBF is active, the MS will send the Packet Paging Response, including its TLLI, which will be delivered by the BSS to the SGSN. If an UL TBF is not active, the MS will request a concurrent TBF via the Channel Request Description IE inside the first occurrence of the Packet Downlink Ack/Nack. The BSS will send a Packet Uplink Assignment or a Packet Timeslot Reconfigure to the MS on PACCH. On the assigned PDCH(s) the MS will send the Packet Paging Response, including its TLLI, which will be delivered by the BSS to the SGSN. The UL TBF, already active in the former case or just established for delivering the Packet Paging Response in the latter case, shall be kept alive, sending dummy RLC data blocks if necessary, until the MS receives the MBMS ASSIGNMENT message by the BSS.  
The BSS will send the MBMS ASSIGNMENT message on CCCH (PCCCH if available) for all the MSs in STANDBY state or READY state and packet idle mode. The BSS will send an MBMS ASSIGNMENT message on PACCH for each MS in READY state and packet transfer mode. The MBMS ASSIGNMENT message shall be sent 5 times by the BSS, in order to overcome potential radio impairments leading to message loss on the MSs side (corresponding to a BLER equal to 80%). The time within 2 consecutive transmissions of the message shall not exceed 5 x BS_CV_MAX block periods. That implies that the first normal burst of the 5th message will be sent within 20 x BS_CV_MAX block periods with respect to the first transmitted normal burst of the 1st message, i.e. 6 s assuming the maximum value for BS_CV_MAX. All the 5 messages will indicate the same point in time denoted by the TBF Starting Time. The TBF Starting Time shall be set to a value denoting a point in time whose difference, with respect to the point in time denoted by the TDMA frame used for transmitting the first normal burst belonging to the first transmitted MBMS ASSIGNMENT message, shall not exceed 20 x BS_CV_MAX block periods + T3186 + T3170 + T3164 + T3166 + 3 x (3 + 8) x BS_CV_MAX block periods if PCCCH is available (on CCCH M x (S + T) x TDMA frames duration time will replace T3186 and T3126 will replace T3170), i.e. roughly 33.1 s assuming the maximum value for BS_CV_MAX, and S and T used for T3170 value setting (on CCCH the value is roughly 39.5 s assuming the maximum value for BS_CV_MAX, M, S, T and T3126).     
2.2
MS counting & addressing in MBMS

When the BSS assigns the MBMS Resource Allocation to the MSs via the MBMS ASSIGNMENT message, the TBF Starting Time shall be set to a value according to the above described procedure.

On reception of such a message, each MS, involved in the specified MBMS and in STANDBY state or READY state and packet idle mode before the reception of the message, will automatically and immediately perform a 1-phase access procedure on CCCH (PCCCH if available), in order to get radio resource for an UL TBF via Immediate Assignment (Packet Uplink Assignment if PCCCH is available). On the assigned UL TBF (characterized by an UPLINK_TFI), whenever allowed the MS will send dummy RLC data blocks, with extended RLC header, including TLLI via TI setting, for contention resolution and identification purposes. The RLC header will be further extended in order to include the TMGI. The extension shall be performed via setting LI = 56 in GPRS and LI = 76 in EGPRS. The extended RLC header will therefore include Length Indicator(s) + TLLI + TMGI.

As far as an MS, involved in the specified MBMS and in READY state and packet transfer mode before the reception of the MBMS ASSIGNMENT message, is concerned, on reception of such a message, on the available UL TBF (characterized by an UPLINK_TFI), whenever allowed the MS will send RLC data blocks, dummy if necessary, with extended RLC header, including TLLI via TI setting, for identification purpose. The RLC header will be further extended in order to include the TMGI. The extension shall be performed via setting LI = 56 in GPRS and LI = 76 in EGPRS. The extended RLC header will therefore include Length Indicator(s) + TLLI + TMGI.
As soon as the BSS receives the first correct RLC data block including the UPLINK_TFI + TLLI + TMGI from an MS, the BSS shall send a Packet Uplink Ack/Nack to the MS, addressing that MS via the UPLINK_TFI and the CONTENTION_RESOLUTION_TLLI, and including the TMGI reported by the MS, the MFI, the MFI_TAI and the MFI_TA_TN assigned by the BSS to that specific MS (these 4 additional fields, TMGI, MFI, MFI_TAI, MFI_TA_TN are included using padding bits inside the Packet Uplink Ack/Nack).
During the MBMS session, the MFI (Mobile Flow Identity) shall be used by the BSS in order to address that MS, and by the MS in order to allow the BSS to recognize that MS among all the MSs involved in that MBMS session characterized by the TMGI. Up to 16 MSs may be addressed on the same PDCH, since up to 16 MSs may adjust Timing Advance on the same PDCH via MFI_TAI with the continuous TA update procedure.
During the MBMS session, the MFI_TAI and the MFI_TA_TN shall be used by the MS and by the BSS for the continuous TA update procedure. The TN specified by MFI_TA_TN identifies one PDCH belonging to the set of PDCHs allocated for that MBMS session.

Once the MS has received the Packet Uplink Ack/Nack including the {MFI, MFI_TAI, MFI_TA_TN}, it shall immediately start the countdown procedure in order to release the UL TBF. The MS will include the {MFI, MFI_TAI, MFI_TA_TN} in all the following RLC data blocks sent to the BSS, in order to notify the BSS of the correct reception of these fields. The extension of the RLC header shall be performed via setting LI = 55 for GPRS and LI = 75 for EGPRS (for including the MFI) and LI = 59 for GPRS and LI = 79 for EGPRS (for including the MFI_TAI and the MFI_TA_TN). If the BSS does not receive at least one RLC data block including the assigned {MFI, MFI_TAI, MFI_TA_TN} from the MS within BS_CV_MAX block periods, the BSS will immediately send again the Packet Uplink Ack/Nack to the MS, with the same fields included for the first transmission. Once the UL TBF has been released, both the MS and the BSS shall store the {MFI, MFI_TAI, MFI_TA_TN} to be used by that MS and by the BSS for the MBMS. Moreover, the BSS shall associate these parameters to the TLLI of that MS. 
The procedure will be repeated for all the MSs involved in a specified MBMS and at most until the last but one valid MFI value is available on the BSS side. If more MSs are involved in the specified MBMS, the last available MFI value will be assigned to all these MSs as a MFI_fake in each Packet Uplink Ack/Nack sent to each of these MSs; these Packet Uplink Ack/Nack messages will not include the MFI_TAI and the MFI_TA_TN fields.
During the MBMS session, the MFI_fake shall be used by the BSS in order to address a specific MS with its TLLI, in order to assign an {MFI, MFI_TAI, MFI_TA_TN} to that MS, in case these fields become available on the BSS side for a new MS. 

Once each MS exceeding the last but one valid MFI value available on the BSS side has received the Packet Uplink Ack/Nack including the MFI_fake, it shall immediately start the countdown procedure in order to release the UL TBF. The MS will include the MFI_fake in all the following RLC data blocks sent to the BSS, in order to notify the BSS of the correct reception of this field. The extension of the RLC header shall be performed via setting LI = 57 for GPRS and LI = 77 for EGPRS. If the BSS does not receive at least one RLC data block including the assigned MFI_fake from the MS within BS_CV_MAX block periods, the BSS will immediately send again the Packet Uplink Ack/Nack to the MS, with the same fields included for the first transmission. Once the UL TBF has been released, both the MS and the BSS shall store the MFI_fake. Moreover, the BSS shall associate this parameter to the TLLI of that MS.

If the UL TBF is not released before the TBF Starting Time included in the MBMS ASSIGNMENT message, the MS shall anyway switch to the assigned PDCHs for the MBMS service at the point in time denoted by the TBF Starting Time. The following procedures shall apply:
· If the MS has not received a Packet Uplink Ack/Nack including an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake before the TBF Starting Time, that MS will not have an {MFI, MFI_TAI, MFI_TA_TN}. The MS will assume to be assigned the MFI_fake, if it succeeded in sending at least one RLC data block, including TLLI + TMGI, to the BSS. If the BSS has received at least one RLC data block, including TLLI + TMGI, from that MS, the BSS will associate the MFI_fake to the TLLI of that MS, regardless of the fact that the BSS succeeded or did not succeed in sending a Packet Uplink Ack/Nack to that MS and, in case it succeeded, regardless of the fact that the Packet Uplink Ack/Nack included {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake; otherwise the BSS will not be aware of this MS involved in the MBMS service.

· If the MS has received a Packet Uplink Ack/Nack including an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake before the TBF Starting Time, the MS shall anyway store the MFI_fake, regardless of the fact that it succeeded or did not succeed in sending at least one following RLC data block, including {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake, respectively, to the BSS. The BSS shall associate the MFI_fake to the TLLI of that MS.  

If an MS, involved in the specified MBMS, is not able to establish an UL TBF after the reception of the MBMS ASSIGNMENT message and before the TBF Starting Time, the MS shall anyway switch to the assigned PDCHs for the MBMS service at the point in time denoted by the TBF Starting Time. That MS will not have an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake. Moreover, the BSS will not be aware of this MS involved in the MBMS service. 
The above described procedure allows the BSS to perform both the counting and the addressing, with the TA update and the retransmissions management, of the MSs involved in a specified MBMS, characterized by a TMGI, as far as MFI values are available on the BSS side, apart from the last available MFI value, i.e. the MFI_fake. This last value allows the counting of the exceeding MSs, but not the addressing of them either for TA update or for the retransmissions management. The list of MSs which are addressed by the BSS is not necessarily the same one for the whole MBMS session, but it can be modified during the MBMS session with exits of some or all of them and new entries, chosen from the pool of MSs counted by the BSS and addressed via their TLLI and with the MFI_fake.
An MS, which is not considered representative of the retransmissions management any more, leaves the list of the addressed MSs: the BSS identifies this MS with its MFI in an RLC/MAC block and changes the MS identifier from MFI to MFI_fake in the same RLC/MAC block, as described in the Sect. 2.3. Moreover, when the MS detects that its identifier has been changed from MFI to MFI_fake, the MFI_TAI and MFI_TA_TN are immediately released by the MS and not available any more for that MS. The BSS associates the MFI_fake to the TLLI of that MS; the {MFI, MFI_TAI, MFI_TA_TN} previously assigned to that MS are now available on the BSS side for a new MS. Randomly, the BSS chooses an MS characterized by its TLLI and with the MFI_fake as a new entry in the list of the addressed MSs: the BSS identifies this MS with these 2 parameters in an RLC/MAC block and changes the MS identifier from MFI_fake to MFI adding MFI_TAI and MFI_TA_TN in the same RLC/MAC block, as described in the Sect. 2.3. When the MS detects that its identifier has been changed from MFI_fake to MFI, the assigned MFI_TAI and MFI_TA_TN are immediately used by that MS. The BSS associates the {MFI, MFI_TAI, MFI_TA_TN} to the TLLI of that MS. 
Therefore, the MSs addressed by {MFI, MFI_TAI, MFI_TA_TN} perform the continuous TA update procedure and send Packet Downlink Ack/Nack for the retransmissions management. The MSs counted by the BSS with the MFI_fake do not perform the continuous TA update procedure and do not send Packet Downlink Ack/Nack, but take advantage of the retransmissions performed by the BSS on the basis of the Packet Downlink Ack/Nack messages sent by the MSs included in the list of the addressed MSs. The MSs the BSS is not aware of (i.e. the MSs which were not able to establish an UL TBF after the reception of the MBMS ASSIGNMENT message and before the TBF Starting Time, and the MSs from which the BSS has not received at least one RLC data block including TLLI + TMGI, even if they were able to establish an UL TBF) are in the same condition of the MSs counted by the BSS with the MFI_fake. The difference is that for the MSs the BSS is not aware of there is not any chance to be randomly selected for inclusion in the list of the addressed MSs, unlike the MSs counted by the BSS with the MFI_fake.              
The retransmissions management is performed as described in the following Section. All the MSs addressed with an MFI will periodically be requested to send Packet Downlink Ack/Nack. 

2.3
RLC/MAC Ack/Nack Management in MBMS
In order to guarantee an adequate perception of the service from the users’ point of view, the RLC/MAC mode of operation is to be the acknowledged one (AM). Since all the MSs, involved in the specified MBMS, are multiplexed on the same PDCHs on the DL and addressed via the same TFI, a further identifier addressing a specific MS is needed (i.e. the MFI, a new field to be included, when needed, in the extended RLC header of an RLC/MAC block). The RLC header will be extended in order to include the MFI, on a need basis. The extension shall be performed via setting LI = 55 in GPRS and LI = 75 in EGPRS. The extended RLC header will therefore include Length Indicator(s) + MFI.
The global (TFI + MFI) identifier allows the BSS to address a specific MS among those involved in the specified MBMS session characterized by a TMGI inside a cell.

1) The BSS sets the S/P and RRBP fields inside the MAC header of an RLC/MAC block sent on the DL, in order to request a specific MS, addressed via its (TFI + MFI) in the RLC header, to send a Packet Downlink Ack/Nack on the UL. The request period shall be properly selected in order to avoid stall conditions of the transmit window on the BSS side: it depends on GPRS or EGPRS use, the number of PDCHs allocated to the MBMS session, the window size in case of EGPRS, the number of MSs involved in the MBMS session, the BS_CV_MAX and the RRBP values. With an appropriate selection of the parameters, it is possible to receive the Packet Downlink Ack/Nack from the maximum number of MSs which can be multiplexed on a PDCH and controlled via the continuous TA update procedure, i.e. 16, still avoiding a stall condition of the transmit window on the BSS side. In such a way, all the MSs with {MFI, MFI_TAI, MFI_TA_TN} can periodically send the Packet Downlink Ack/Nack.
2) The MS addressed via (TFI + MFI) sends the Packet Downlink Ack/Nack in the UL radio block period specified by the RRBP value. The MS includes its MFI in the Packet Downlink Ack/Nack using part of the padding bits of the message, in order to let the BSS detect the correct identity of the responding MS.
3) The BSS processes all the Packet Downlink Ack/Nack messages received within a request period from all the MSs with {MFI, MFI_TAI, MFI_TA_TN}. The retransmissions on the BSS side are performed via an algorithm T.B.C.:

a. Exhaustive: all the radio blocks referred to as Nacked in the RBB of the Ack/Nack Description in any received Packet Downlink Ack/Nack are retransmitted. In such a case, the delay due to the retransmissions could be remarkable; it is therefore necessary to correctly evaluate the player buffer size inside the MSs in order to avoid/minimise potential service interruptions. The RLC procedures during an MBMS session on the BSS side shall be modified in order to periodically set the start of the transmit window corresponding to the least recent radio block not positively acknowledged yet among all the received Packet Downlink Ack/Nack messages, and not on a single Packet Downlink Ack/Nack basis as currently foreseen by the standard.
b. Selective T.B.D.: the algorithm is based on the overall number of Nacked radio blocks, on a threshold relevant to the percentage of MSs requesting the retransmission of a specific radio block and on the MFI of the MSs requesting the retransmissions (in order to avoid that a specific MS (or a negligible number of MSs) leads to unacceptable retransmission delays due to the poor radio conditions experienced by that (those) MS(s)). In such a case, there is an impact on the RLC procedures during an MBMS session on the MS side, since some radio blocks may never be received by the MS because they are not retransmitted by the BSS: the receive window should anyway be advanced on the MS side if the MS did not correctly receive the least recent radio block not yet received within a specified timeout (T.B.D.); the missing radio blocks should be replaced by all-zero fill bits payload radio blocks. The same impact applies also for all the MSs which are not included in the list of the addressed MSs, i.e. the ones which are not allowed to send Packet Downlink Ack/Nack (the MSs with the MFI_fake and the MSs the BSS is not aware of). For those MSs the same impact occurs also with an exhaustive algorithm (since the algorithm is exhaustive just for the addressed MSs). The RLC procedures during an MBMS session on the BSS side shall also be modified in order to periodically set the start of the transmit window corresponding to the least recent radio block not positively acknowledged yet that the BSS decides to take into account for retransmissions, based on the selective algorithm.

4) When the BSS decides that an MS is not considered representative of the retransmissions management any more, it makes the MS leave the list of the addressed MSs, changing the MS identifier from MFI to MFI_fake: the RLC header will further be extended in order to include the MFI_fake together with the MFI. The extension for the MFI_fake shall be performed via setting LI = 57 (following the LI = 55 denoting the MFI) in GPRS and LI = 77 (following the LI = 75 denoting the MFI) in EGPRS. The extended RLC header will therefore include Length Indicators + MFI + MFI_fake. The MS is not allowed to send Packet Downlink Ack/Nack on the UL from now on, even in case the S/P and RRBP fields are set inside the MAC header of the current RLC/MAC block. 
5) When an {MFI, MFI_TAI, MFI_TA_TN} is available on the BSS side for a new MS, the BSS randomly chooses an MS characterized by its TLLI and with the MFI_fake as a new entry in the list of the addressed MSs: the BSS identifies this MS with these 2 parameters in an RLC/MAC block and changes the MS identifier from MFI_fake to MFI, adding MFI_TAI and MFI_TA_TN in the same RLC/MAC block. In order to achieve this:
· MFI will be included setting LI = 55 for GPRS and LI = 75 for EGPRS;

· MFI_fake will be included setting LI = 57 for GPRS and LI = 77 for EGPRS;

· TLLI will be included setting LI = 58 for GPRS and LI = 78 for EGPRS;
· MFI_TAI and MFI_TA_TN will be included setting LI = 59 for GPRS and LI = 79 for EGPRS.
The extended RLC header will therefore include Length Indicators + MFI + MFI_fake + TLLI + MFI_TAI + MFI_TA_TN.
The MS is not allowed to send Packet Downlink Ack/Nack on the UL, even in case the S/P and RRBP fields are set inside the MAC header of the current RLC/MAC block, until a TA value is available on the MS side via the continuous TA update procedure. 
3
Proposal B with MBMS Service Request up to the BSS
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3.1
MS counting & addressing in MBMS
As far as an MS in STANDBY state or READY state and packet idle mode is concerned, on reception of a (Packet) Paging Request on CCCH (PCCCH if available) and of an MBMS Notification message, that MS will send a Channel Request on RACH (or a Packet Channel Request on PRACH if PCCCH is available); the BSS will send an Immediate Assignment on AGCH (or a Packet Uplink Assignment on PAGCH if PCCCH is available). On the assigned PDCH the MS will send the MBMS Service Request, including its TLLI and the TMGI, to the BSS. The UL TBF established for delivering the MBMS Service Request shall be kept alive, sending dummy RLC data blocks if necessary, until the MS receives a Packet Uplink Ack/Nack including an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake assigned by the BSS to that specific MS.
As far as an MS in READY state and packet transfer mode is concerned, that MS may have an active DL TBF or an active UL TBF or both (starting from Rel-5 MSs, multiple TBFs are possible on the same direction). The MS will receive the Packet Paging Request on PACCH. The BSS will send the MBMS Notification message. If an UL TBF is active, the MS will send the MBMS Service Request, including its TLLI and the TMGI, to the BSS. If an UL TBF is not active, the MS will request a concurrent TBF via the Channel Request Description IE inside the first occurrence of the Packet Downlink Ack/Nack. The BSS will send a Packet Uplink Assignment or a Packet Timeslot Reconfigure to the MS on PACCH. On the assigned PDCH(s) the MS will send the MBMS Service Request, including its TLLI and the TMGI, to the BSS. The UL TBF, already active in the former case or just established for delivering the MBMS Service Request in the latter case, shall be kept alive, sending dummy RLC data blocks if necessary, until the MS receives a Packet Uplink Ack/Nack including an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake assigned by the BSS to that specific MS. 
As soon as the BSS receives the MBMS Service Request from an MS, the BSS shall send a Packet Uplink Ack/Nack to the MS, addressing that MS via the UPLINK_TFI and the CONTENTION_RESOLUTION_TLLI, and including the TMGI reported by the MS, the {MFI, MFI_TAI, MFI_TA_TN} assigned by the BSS to that specific MS (these 4 additional fields, TMGI, MFI, MFI_TAI, MFI_TA_TN are included using padding bits inside the Packet Uplink Ack/Nack). 

During the MBMS session, the MFI (Mobile Flow Identity) shall be used by the BSS in order to address that MS, and by the MS in order to allow the BSS to recognize that MS among all the MSs involved in that MBMS session characterized by the TMGI. Up to 16 MSs may be addressed on the same PDCH, since up to 16 MSs may adjust Timing Advance on the same PDCH via MFI_TAI with the continuous TA update procedure.

During the MBMS session, the MFI_TAI and the MFI_TA_TN shall be used by the MS and by the BSS for the continuous TA update procedure. The TN specified by MFI_TA_TN identifies one PDCH belonging to the set of PDCHs allocated for that MBMS session.

Once the MS has received the Packet Uplink Ack/Nack including the {MFI, MFI_TAI, MFI_TA_TN}, it shall immediately start the countdown procedure in order to release the UL TBF. The MS will include the {MFI, MFI_TAI, MFI_TA_TN} in all the following RLC data blocks sent to the BSS, in order to notify the BSS of the correct reception of these fields. The extension of the RLC header shall be performed via setting LI = 55 for GPRS and LI = 75 for EGPRS (for including the MFI) and LI = 59 for GPRS and LI = 79 for EGPRS (for including the MFI_TAI and the MFI_TA_TN). If the BSS does not receive at least one RLC data block including the assigned {MFI, MFI_TAI, MFI_TA_TN} from the MS within BS_CV_MAX block periods, the BSS will immediately send again the Packet Uplink Ack/Nack to the MS, with the same fields included for the first transmission. Once the UL TBF has been released, both the MS and the BSS shall store the {MFI, MFI_TAI, MFI_TA_TN} to be used by that MS and by the BSS for the MBMS. Moreover, the BSS shall associate these parameters to the TLLI of that MS.

The procedure will be repeated for all the MSs involved in a specified MBMS and at most until the last but one valid MFI value is available on the BSS side. If more MSs are involved in the specified MBMS, the last available MFI value will be assigned to all these MSs as a MFI_fake in each Packet Uplink Ack/Nack sent to each of these MSs; these Packet Uplink Ack/Nack messages will not include the MFI_TAI and the MFI_TA_TN fields.

During the MBMS session, the MFI_fake shall be used by the BSS in order to address a specific MS with its TLLI, in order to assign an {MFI, MFI_TAI, MFI_TA_TN} to that MS, in case these fields become available on the BSS side for a new MS.

Once each MS exceeding the last but one valid MFI value available on the BSS side has received the Packet Uplink Ack/Nack including the MFI_fake, it shall immediately start the countdown procedure in order to release the UL TBF. The MS will include the MFI_fake in all the following RLC data blocks sent to the BSS, in order to notify the BSS of the correct reception of this field. The extension of the RLC header shall be performed via setting LI = 57 for GPRS and LI = 77 for EGPRS. If the BSS does not receive at least one RLC data block including the assigned MFI_fake from the MS within BS_CV_MAX block periods, the BSS will immediately send again the Packet Uplink Ack/Nack to the MS, with the same fields included for the first transmission. Once the UL TBF has been released, both the MS and the BSS shall store the MFI_fake. Moreover, the BSS shall associate this parameter to the TLLI of that MS.
The above described procedure allows the BSS to perform both the counting and the addressing, with the TA update and the retransmissions management, of the MSs involved in a specified MBMS, characterized by a TMGI, as far as MFI values are available on the BSS side, apart from the last available MFI value, i.e. the MFI_fake. This last value allows the counting of the exceeding MSs, but not the addressing of them either for TA update or for the retransmissions management. The list of MSs which are addressed by the BSS is not necessarily the same one for the whole MBMS session, but it can be modified during the MBMS session with exits of some or all of them and new entries, chosen from the pool of MSs counted by the BSS and addressed via their TLLI and with the MFI_fake.

An MS, which is not considered representative of the retransmissions management any more, leaves the list of the addressed MSs: the BSS identifies this MS with its MFI in an RLC/MAC block and changes the MS identifier from MFI to MFI_fake in the same RLC/MAC block, as described in the Sect. 2.3. Moreover, when the MS detects that its identifier has been changed from MFI to MFI_fake, the MFI_TAI and MFI_TA_TN are immediately released by the MS and not available any more for that MS. The BSS associates the MFI_fake to the TLLI of that MS; the {MFI, MFI_TAI, MFI_TA_TN} previously assigned to that MS are now available on the BSS side for a new MS. Randomly, the BSS chooses an MS characterized by its TLLI and with the MFI_fake as a new entry in the list of the addressed MSs: the BSS identifies this MS with these 2 parameters in an RLC/MAC block and changes the MS identifier from MFI_fake to MFI adding MFI_TAI and MFI_TA_TN in the same RLC/MAC block, as described in the Sect. 2.3. When the MS detects that its identifier has been changed from MFI_fake to MFI, the assigned MFI_TAI and MFI_TA_TN are immediately used by that MS. The BSS associates the {MFI, MFI_TAI, MFI_TA_TN} to the TLLI of that MS. 

Therefore, the MSs addressed by {MFI, MFI_TAI, MFI_TA_TN} perform the continuous TA update procedure and send Packet Downlink Ack/Nack for the retransmissions management. The MSs counted by the BSS with the MFI_fake do not perform the continuous TA update procedure and do not send Packet Downlink Ack/Nack, but take advantage of the retransmissions performed by the BSS on the basis of the Packet Downlink Ack/Nack messages sent by the MSs included in the list of the addressed MSs. The MSs the BSS is not aware of (i.e. the MSs which were not able to establish an UL TBF after the (Packet) Paging Request and the MBMS Notification message and before the TBF Starting Time included in the MBMS ASSIGNMENT message, and the MSs from which the BSS has not received the MBMS Service Request, even if they were able to establish an UL TBF) are in the same condition of the MSs counted by the BSS with the MFI_fake. The difference is that for the MSs the BSS is not aware of there is not any chance to be randomly selected for inclusion in the list of the addressed MSs, unlike the MSs counted by the BSS with the MFI_fake.              

3.2
MBMS Assignment

The BSS will send the MBMS ASSIGNMENT message on CCCH (PCCCH if available) for all the MSs in STANDBY state or READY state and packet idle mode. The BSS will send an MBMS ASSIGNMENT message on PACCH for each MS in READY state and packet transfer mode. The MBMS ASSIGNMENT message shall be sent 5 times by the BSS, in order to overcome potential radio impairments leading to message loss on the MSs side (corresponding to a BLER equal to 80%). The time within 2 consecutive transmissions of the message shall not exceed 5 x BS_CV_MAX block periods. That implies that the first normal burst of the 5th message will be sent within 20 x BS_CV_MAX block periods with respect to the first transmitted normal burst of the 1st message, i.e. 6 s assuming the maximum value for BS_CV_MAX. All the 5 messages will indicate the same point in time denoted by the TBF Starting Time. The TBF Starting Time shall be set to a value denoting a point in time whose difference, with respect to the point in time denoted by the TDMA frame used for transmitting the first normal burst belonging to the first transmitted MBMS ASSIGNMENT message, shall not be less than 21 x BS_CV_MAX block periods.
If the UL TBF used for delivering the MBMS Service Request is not released before the TBF Starting Time included in the MBMS ASSIGNMENT message, the MS shall anyway switch to the assigned PDCHs for the MBMS service at the point in time denoted by the TBF Starting Time. The following procedures shall apply:

· If the MS has not received a Packet Uplink Ack/Nack including an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake before the TBF Starting Time, that MS will not have an {MFI, MFI_TAI, MFI_TA_TN}. The MS will assume to be assigned the MFI_fake, if it succeeded in sending the MBMS Service Request, including its TLLI + TMGI, to the BSS. If the BSS has received the MBMS Service Request from that MS, the BSS will associate the MFI_fake to the TLLI of that MS, regardless of the fact that the BSS succeeded or did not succeed in sending a Packet Uplink Ack/Nack to that MS and, in case it succeeded, regardless of the fact that the Packet Uplink Ack/Nack included {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake; otherwise the BSS will not be aware of this MS involved in the MBMS service.

· If the MS has received a Packet Uplink Ack/Nack including an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake before the TBF Starting Time, the MS shall anyway store the MFI_fake, regardless of the fact that it succeeded or did not succeed in sending at least one following RLC data block, including {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake, respectively, to the BSS. The BSS shall associate the MFI_fake to the TLLI of that MS.
If an MS, involved in the specified MBMS, is not able to establish an UL TBF for delivering the MBMS Service Request before the TBF Starting Time included in the MBMS ASSIGNMENT message, the MS shall anyway switch to the assigned PDCHs for the MBMS service at the point in time denoted by the TBF Starting Time. That MS will not have an {MFI, MFI_TAI, MFI_TA_TN} or the MFI_fake. Moreover, the BSS will not be aware of this MS involved in the MBMS service.
The retransmissions management is performed as described in the following Section. All the MSs addressed with an MFI will periodically be requested to send Packet Downlink Ack/Nack.
3.3
RLC/MAC Ack/Nack Management in MBMS

The same procedures defined in the corresponding Section 2.3 of the Proposal A apply.  
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Proposal B* with MBMS Service Request up to the SGSN

[image: image3]
The same procedures defined for the Proposal B apply.

The only difference (as an add-on with respect to all the procedures defined for the Proposal B which are still valid) is:

 once an MS has sent the MBMS Service Request, including its TLLI and the TMGI, to the BSS, the BSS will deliver the MBMS Service Request to the SGSN.
5
Pros and Cons of each Proposal

5.1
Proposal A
Pros:
· the BSS and the SGSN procedures are more compliant to the ones specified for point-to-point services;

· the users are traced on a cell basis by the SGSN;
· the SGSN is aware of the MSs involved in the MBMS session.

Cons:

· delay due to the delivery of the Packet Paging Response up to the SGSN, depending on the number of users simultaneously involved in the MBMS session;

· signaling amount between the BSS and the SGSN, depending on the number of users simultaneously involved in the MBMS session.

5.2
Proposal B

Pros:

· no delay due to the delivery of a Packet Paging Response up to the SGSN;
· no signaling amount between the BSS and the SGSN, since the MBMS Service Request is not delivered up to the SGSN.

Cons:

· the BSS and the SGSN procedures are less compliant to the ones specified for point-to-point services;
· the users are not traced on a cell basis by the SGSN;
· the SGSN is not aware of the MSs involved in the MBMS session.

5.3
Proposal B*
Pros:

· the SGSN procedures are more compliant to the ones specified for point-to-point services;

· the users are traced on a cell basis by the SGSN;

· the SGSN is aware of the MSs involved in the MBMS session;
· the delay due to the delivery of the MBMS Service Request up to the SGSN is not critical, because this delivery is not strictly necessary to be performed simultaneously for all the users involved in the MBMS session;  
· the signaling amount between the BSS and the SGSN is not critical, because it is not strictly necessary to be performed simultaneously for all the users involved in the MBMS session.
Cons:

· the BSS procedures are less compliant to the ones specified for point-to-point services.
6
Comparison with CFCH Proposal

The set of the described Proposals (regardless of the selected Proposal A, B or B*) presents the following advantages compared to the CFCH Proposal (for which all of them are conversely drawbacks):

1. no need to specify a new channel such as the CFCH;

2. no need to specify a new access Nack burst structure;

3. no need to allocate 100% of a PDCH capacity just for sending Nacks; 

4. no problem related to the battery consumption due to the continuously transmitted access Nack bursts by the MSs on the CFCH;

5. no problem related to the interference generated on the UL due to the continuously transmitted access Nack bursts by the MSs on the CFCH;

6. no problem related to false Nack detection on the CFCH (some power is received anyway on the CFCH on the BTS side, even in case no access Nack burst has been sent by any MS, due to noise, co-channel and adjacent interference, whose amount is unpredictable, depending on the traffic conditions in the surrounding environment, leading to the impossibility of selecting an appropriate threshold over which to detect the actual power received on the CFCH due to access Nack bursts, whose number is also unpredictable without an MS counting procedure);
7. it solves the MS counting and addressing performed inside the RAN by the BSS;

8. the RLC/MAC Ack/Nack management is very similar to the currently specified one for the point-to-point services, using the same messages already defined for that purpose;

9. the RLC/MAC Ack/Nack management is as efficient as the currently specified one for the point-to-point services, avoiding to request single Nacks for single transmitted radio blocks; the single Nacks imply serious impacts on the RLC procedures, in terms of the transmit window and the priority of the retransmissions to be performed, leading to a remarkable risk of potentially instable, inefficient and non-backward compatible retransmission algorithms;

10. compliance with the retransmissions procedures specified for the point-to-point services in case of MCS-7, MCS-8, MCS-9, being able to request the selective retransmission of just one of the 2 RLC data blocks included in the RLC/MAC block (in case of the CFCH Proposal, there is not any chance to notify the transmit side of the erroneous reception of just one of the 2 RLC data blocks inside the same RLC/MAC block, and in such a case of which one, and consequently the 2 RLC data blocks are anyway to be retransmitted even in case just one RLC data block was not correctly received);   

11. compliance with the protocol stack in terms of an appropriate peer-to-peer messages exchange; the layer-2 retransmissions on the transmit side are performed on the basis of well defined layer-2 Packet Dowlink Ack/Nack messages sent by the receive side, and not on the basis of potentially ambiguous physical layer power measurements on the transmit side;

12. the MS addressing allows the BSS to identify specific MSs, whose experienced extremely poor radio conditions could lead to unacceptable transmission delays for all the other MSs involved in the same MBMS service, avoiding to take into account those specific MSs in the retransmissions management.    

7
Conclusions
Based on the points highlighted in the previous comparison with CFCH, it is suggested to select one Proposal, inside the set of those presented in this document (following an analysis and discussion about Pros and Cons of the Proposals A, B, B*), as the way forward for specifying the mentioned radio procedures in GERAN, in the framework of the MBMS standardization process. 
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