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MBMS p-t-m channel with feedback

1 Introduction

This paper presents a proposal for p-t-m with feedback. By introducing feedback on the MBMS p-t-m channel it will be possible to minimize the missing blocks received by different MSs during the MBMS data transmission which makes it possible to optimize the radio resource usage or increase the MBMS service bitrate.

The MBMS service will still use unacknowledged transmission in the delivery of the MBMS data but the network can poll for Packet Downlink Ack Nack reports similar to RLC acknowledged mode. 

2 MBMS channel set up 

A separate contribution explains the procedures for Paging and Notification.   See Notification contribution from Ericsson GP-040965.

The figure below describes procedures to set up the MBMS p-t-m channel including means to retrieve the MS IDs to be able to poll for packet DL ACK NACK.




















Figure 1.  MBMS Channel set up and feed back

Description for MBMS with feedback (known MS ID):

1. MBMS Session Start message arrives from SGSN. 

2. BSS acknowledges the SGSN that the message has received.

3. BSS pages all idle MSs.

4. Notification is sent to all MSs. 

5. MSs do the Channel request (request for a single UL block) sent on PRACH/RACH. Includes a 5 bit random ID. The time for the initial channel request is randomized.

6. Immediate assignment (assigns a single UL block to the MSs) sent on PAGCH/AGCH. Includes the same 5 bit random ID that was sent in the channel request and the timeslot in which it was received (so that the still unknown MS knows the assignment is intended to it).

7. MBMS request sent in the assigned block. Indicates that the MS is interested in the coming MBMS session. Includes TMGI, sequence number and TLLI. [ffs: send up P-TMSI or TLLI?]

8. BSS can perform counting here to decide if a broadcast, p-t-m with feed back p-t-m w/o feed back, or p-t-p channel setup should be initiated.  Depending on the above decision one of the MBMS PDTCH assignment will be sent according to following options:

· Individual MBMS PDTCH assignment sent to each MS indicating that PTM with Feedback shall be used. (Described further in this document) 

· Individual MBMS PDTCH assignment sent to each MS indicating that PTM without Feedback shall be used.( described further.

· The MBMS PDTCH assignment is sent to all MSs (not individually) to inform the MS about the allocation of the MBMS broadcast channel. At the reception of this message all MSs shall stop sending Random access message (single block request for MBMS).

· Individual MBMS PDTCH assignment sent to each MS indicating that PTP shall be used.

9
MBMS Data arrives from SGSN. It is FFS how the data flow is initiated at this exact point in time. SGSN can let the MBMS data get sent to BSS. 

10
BSS sends MBMS data on a Down Link   MBMS PDTCH.

11   The MSs will be polled individually with their unique DL TFI and a valid RRBP,

12. MSs will send ACK message (PDAN) to BSS, containing MSID and information on the erroneous blocks.

13. BSS is allowed to retransmit the missing data blocks on the MBMS PDTCH channel.

3 MBMS data transfer

MBMS data may not reach all the MSs with the same radio link quality. This is based on the location of the MSs. To provide a reliable reception of the data, a feedback mechanism is deployed for a proper reception of data. Figure 2 illustrates an MBMS DL channel with 4 Time Slots to deliver the data. To be able to inform BSS on the status of the received data blocks, an UL Ts is allocated for feedback. 
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Figure 2.    4+1 timeslot allocation

3.1 MBMS feedback channel

MBMS DL channel is similar to unacknowledged RLC but with acknowledgements. The MSs are allocated a number of DL timeslots, e.g., 4. Al MSs are allocated the same DL timeslots. The MS are also allocated an UL timeslot. One of the DL timeslots is the “main” timeslot on which polling requests are sent. MSs are polled for ACK/NACK reports with their unique MS ID (reuse TFI field) and valid RRBP. The MS should receive blocks that have a valid MS ID in the TFI field (a subset of the TFI:s, e.g. those that match 0xxxx).The other TFI values can be used for legacy MSs that are multiplexed on the same channel.

3.1.1 MBMS MS

The MBMS MS will first look at the first bit of the TFI. If that is set to 1 , the MBMS MS will ignore the block. If it is set to 0, it will receive the block. The MS will also look at the four last bits of the TFI to see if it matches the MS’s MS ID. If so, it will send an ACK/NACK report in the UL block indicated by the RRBP (possibly, it could be a fixed position, RRBP may not be needed).

3.1.2 Non-MBMS MS multiplexed on the same channel

To be able to multiplex MBMS service with other packet data traffic a non-MBMS MS will interpret the TFI field as usual. If the MS’s TFI is indicated, the MS will receive the MBMS data block. Non-MBMS MSs are allocated TFIs that are not valid MS ID for MBMS MSs, i.e., that matches 1xxxx

3.2 Timing advance

3.2.1 Continuous Timing Advance procedure

In GPRS, the timing advance may be controlled by the Continuous Timing Advance procedure. For this purpose, the PTCCH (Packet Timing advance Control channel) is used. The PTCCH is multiplexed with the PDTCH and PACCH in both UL and DL. On each timeslot, the PTCCH can handle the timing advance of up to 16 MS with current time alignment procedure.

The PTCCH occupies one slot every 26th TDMA frame. The PTCCH consists of 16 subchannels. Each MS is assigned one of the 16 subchannels on one timeslot. The PTCCH/U slots correspond to the subchannels, one slot per subchannel in a cyclic manner. Each MS sends an access burst every time its subchannel occurs. The subchannel is allocated to the MS at channel assignment (via the timing advance index, TAI). The BTS measures the timing of the access burst from each MS and calculates the timing advance of each MS. The timing advance information is transmitted on the PTCCH in the DL. One block occupies four consecutive slots of the PTCCH/D. For a multislot allocation, each MS uses only one timeslot for timing advance. [3]

The Continuous Timing Advance procedure is used also for MBMS. The PTCCH timeslot and subchannel is signalled to the MS in the Assignment message. When the MBMS session ends, all old TA allocations will be released.
3.3 ARQ protocol with limited retransmission

The RLC blocks are retransmitted a limited number of times (to avoid that a single MS with poor link quality stalls the entire flow for all MS). The MS has to accept that incorrectly received blocks are sometimes not retransmitted again by the network, and therefore the  NACKed blocks slide outside of the receive window. Any incorrectly (incompletely) received LLC PDU:s should be thrown away. The current window size is 64 blocks for GPRS. It is for FFS to if it is needed to increase the window size to achieve an acceptable performance.

4 Non-MBMS paging coordination

4.1 With feedback

For the lower multislot configurations, the MS reads its paging group (on PPCH) in addition to the MBMS data. For the higher multislot configurations, the network can handle paging coordination. In order to support this a procedure is needed to get the mapping between TLLI and IMSI  from the SGSN. 

4.2 Without feedback

All MS read its paging group (on PPCH) in addition to the MBMS data 

5 Cell change

This feedback solution will still be functional in cell change scenarios. 

5.1 In the old cell

Before the cell change, in the old cell, an MS using a p-t-m channel with feedback, the MS sends ACK/NACK reports when being polled with its TFI value.  After the cell change that MS’s part of the UL ACK/NACK channel will remain unused until the MBMS session ends (it is FFS if the BSS can re-use the UL ACK/NACK channel when it sees that the MS has stopped sending ACK/NACK reports).

5.2 In the new cell

MS was receiving MBMS Data is considered to be in standby mode. Then steps 5-8 in figure 1 are reused.

If there is no MBMS channel in the new cell:

Option 1: An MBMS channel is initiated since it is more efficient.

Option 2: A message is sent to MS informing it to set up a p-t-p channel and get service from the BM-SC.

6 Analysis

A comparison between two feedback proposals:

CFCH:

· Robustness cannot be guaranteed. The feedback channel has a high BLER (Single burst 15% @ 9 dB C/I) especially for the MS sending most NACKs.

· The MS are not identified ( no way to exclude extremely poor MSs

· High number of colliding NACKs could be interpreted as success (nothing is detected).

· Could generate strange interference to neighboring cells due to excessive NACKing.

PDAN:

· Requires extra signalling per MS to set up the channel. However, both feedback solutions will be able to support a limited number of MS.

· Collision-free ACK/NACK reports.

· Cell Change procedure to assign channel at cell change similar to the one at initial setup.

· Possibility to do paging coordination, allowing for higher multislot classes (since PPCH need not be monitored).

· Handles up to 16 MS.

7 Conclusion

A solution for a point-to-multipoint channel with feedback for transfer of MBMS data has been presented. This solution to a large extent reuses RLC procedures from GPRS/EGPRS and will effectively provide a reliable MBMS service.

The solution is based on mobiles sending ack/nack reports when polled by the network. 

Proposals are also made on how the counting and cell changes could be handled. The solution makes it possible to support p-t-m delivery with feedbacks for 1-16 users in the cell and pure p-t-m broadcast for larger numbers of MBMS subscribers in the cell. It is also possible to notify mobiles to receive the data using application-triggered p-t-p.
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