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1. Introduction

This document discusses the timestamp mapping of MBMS data frame into air interface resource when MBMS service is configured with TDM multiplexing.
First, an assumption is shown as follows:

Assumption: synchronization sequence length is fixed.

All of the following discussion is based on the above assumption.

2. Discussion

In HSPA+ MBMS architecture, timestamp is marked in GGSN for each data frame. A set of data frames arrives at GGSN within the time of a synchronization sequence are marked with a same timestamp. The data frame of a same synchronization sequence will be concatenated by RLC.  The RNC shall schedule the received data packets in the one or several consecutive TTIs following the time point indicated by the timestamp.
The length of synchronization sequence is one or multiple TTIs and is set in GGSN via OAM,
In R7 MBMS, MBSFN TDM multiplexing is introduced as follows:
If the IE "MBSFN TDM Information List" is included, the UE shall:

1>
assume that the MBMS service identified in IE "MBMS short transmission ID" can be received only in frame(s) with the CFN fulfilling the following equation:

(CFN div N) mod TDM_Rep = TDM_Offset + i, i = 0 to TDM_Length - 1 

where

-
N is the TTI (in number of 10ms frames) of the FACH

-
TDM_Rep is the repetition period
-
TDM_Offset is the offset
-
TDM_Length is the number of TTIs the MBMS Service is transmitted, starting from TDM _Offset

-
CFN is set according to subclause 8.5.15.3 (Initialisation for Cell_FACH).
According to RRC specification, different service can be configured with different TDM period. The maximum TDM period is defined as 9 TTIs. 
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Figure 1 simple example of TDM configuration
Figure 1 show an example of TDM configuration. Service 1 and 2 are configured with TDM period of 3TTIs and 4 TTIs, offset 0 and 2 and length 2TTIs. In this example, service 1 can be transmitted only in air interface within TTIs marked in yellow in figure 1, service 2 within TTIs marked in blue.
2.1 Timestamp mapping in non-TDM multiplexing
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Figure 2 timestamp mapping in non-TDM case

In non-TDM configuration case, one service’s air interface resource is continuous in time domain.
In this case, the timestamp can be directly mapped to air interface resource in such a manner that different timestamp is mapped to different TTI blocks, GGSN schedules the timestamp to ensure that no overflow will happen in RNC, synchronization sequence with one timestamp will be transmitted out before next synchronization sequence starts to be transmitted according to its timestamp.
At start of every synchronization sequence, RLC is reset.
2.2 Problems in Timestamp mapping in TDM multiplexing
Problem one: discontinuous TTIs for service data transmission
If one service is configured with TDM multiplexing and GGSN has no idea of whether it is configured with TDM or not, nor the TDM configuration details, the synchronization sequence length may not match the TDM period length.
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Figure 3 timestamp mapping when synchronization sequence smaller than TDM period
If synchronization sequence length is smaller than TDM period, multiple synchronization sequences with different timestamps have to be mapped to the same time point which one service’s TDM occasion starts from.
Figure 3 shows an example. A service’s configured with TDM period of 4 TTIs while synchronization sequence length is one TTI. The timestamps of 2 synchronization sequences meet a same TDM occasion starting from T3. These 2 synchronization sequences will be scheduled to start transmission consecutively from T3.
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Figure 4 timestamp mapping when synchronization sequence larger than or equals to TDM period

If synchronization sequence length is larger than or equal to TDM period, the mapping from timestamp to air interface is straight forward. RNC start to transmit a synchronization sequence from next TDM period at its timestamp or next.
In this case, the timestamp mapping is still one to one mapping. RLC reset is applicable at start of each synchronization sequence.
Problem 2: coordination of TDM period and synchronization sequence length
Because the air interface air interface resource are not continuous in time domain, the resource amount within certain time interval depends on the time interval’s position. The air interface resource for different synchronization sequence may be different if they are not coordinated. This is showed in figure 5.
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Figure 5 synchronization sequence length NOT matches TDM period
In figure 5 shows if synchronization sequence length does not match the TDM period length, different synchronization sequences are mapped to different amount of air resource.
In (a), synchronization sequence length is 2 TTIs and TDM period is 3 TTIs. In this example, Synchronization sequence 1 and 2 will be transmitted in TDM period 1, while sequence 2 will be transmitted in TDM period 2.
In (b), synchronization sequence length is 3 TTIs while TDM period is 2 TTIs in length. In this case, the middle part of synchronization sequence 1 will be mapped to the second half of TDM period 1 while there is no available TTI for the other parts of synchronization sequence 1. and, the second part of TDM period 2 for the front one-third synchronization sequence 2, the second part of TDM period 3 for the last one-third synchronization sequence 2.
In (b), sequence 1 can be transmitted from T1 to T2. In this time range, only one TDM occasion is included. Sequence 2 has timestamp T2. This sequence will be transmitted from T2 to T3. In this time range, two TDM occasions are available this sequence.
According to the above examples, it’s obvious that the amount of air resources available for one synchronization sequence varies according to its position. In other words, air interface resources are not used evenly by each synchronization sequence. To avoid overflow, more air interface shall be allocated for one service, resulting in low air interface resource efficiency..
A possible solution is that GGSN configures scheduling period in such a manner that Synchronization sequence length is multiple of service’s TDM period or TDM period length is multiple of synchronization sequence length. This solution requires GGSN has the knowledge of service’s TDM configuration details. So, it’s not seems to be a good solution.
2.3 Solution – Super TTI solution
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Figure 7 mapping of synchronization sequences to super TTI
A super transmission time interval (super TTI) is defined as an interval of time in air interface. The length of super TTI is a common multiple of TDM period length and synchronization sequence length.

Figure 7 shows two examples. In figure 7 (a), a super TTI is 6 TTI, which is a common multiple of 3 and 2, the minimal common multiple of TDM period length and synchronization sequence length in this example. In figure 7 (b), TDM period length is 2 TTIs and synchronization period length is 3 TTIs. The minimal common multiple is 6 TTIs. So the super TTI in this example is 6 TTIs.

Obviously, each super TTI contains same number of TDM occasions for transmitting service data. The air interface resources are allocated evenly to each super TTI.

The timestamp mapping in this solution is simple. Synchronization sequences within a super TTI will be transmitted in the next supper TTI consecutively.
Data frames transmitted in a same super TTI will be RLC concatenated. RLC reset is applied at the start of first data frame to be transmitted in each super TTI. If multiple packet loss occurs, the rest part of the affected supper TTI should not be transmitted due to variable RLC LI problem. Re-synchronization will be reached from next super TTI.
The Synchronization sequence length information can be configured via OAM or signalled by GGSN to RNC for RNC to calculate super TTI size.

In this solution, GGSN need not to know TDM configuration details. It’s up to RNC to coordinate the difference of TDM period length and synchronization length.
Special cases:

If synchronization sequence length is multiple of TDM period, the super TTI equals to synchronization sequence length. And if TDM period length is multiple of synchronization sequence length, the super TTI equals to TDM period length.
Proposal 1: For TDM multiplexing case, it’s proposed to define super TTI as an air interface interval for transmitting synchronization sequences consecutively. Super TTI length is a common multiple of synchronization sequence length and TDM period length.
Proposal 2: Synchronization sequences transmitted in one super TTI is regarded as a single synchronization sequence. Data frames transmitted in a same super TTI shall be RLC concatenated. RLC reset is applied at the start of each super TTI.
Proposal 3: GGSN shall not have knowledge one specific service’s TDM configuration. It’s up to RNC to calculate proper super TTI size for a service according to TDM configuration and synchronization sequence size.
Proposal 4: RNC shall be notified with synchronization sequence length by OAM, or signalled from GGSN.
3. Conclusion and Proposal
In this paper the problem of TDM multiplexing is discussed and solution is presented.
It's proposed to agree on proposals presented in 2.3.
4. Reference
[1] TR R3.022 v050, Enhancements for FDD HSPA Evolution
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