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Multiplexing multiple MTC devices in a single block period

1. Introduction
The proliferation of M2M devices will pose a strain on the radio resources of a cellular network. The key challenge is to make available radio resources to handle consistent small amounts of data transfer by a large number of devices in a cellular network. In order to support a huge number of MTC devices in GERAN this paper proposes a mechanism of multiplexing multiple users in a single RLC block period in the downlink. 
2. Discussion:
In this contribution we discuss the possibility of achieving the transmission of smaller MAC/RLC blocks  in a single radio block period so that multiple users can be multiplexed on  single radio block (to be transmitted over 4 TDMA frames). 
The existing radio block for GPRS/EGPRS/EGPRS2 data transfer consists of a MAC header and an RLC data block as shown in Fig 1. The RLC data block consists of an RLC header, an RLC data unit and spare bits.
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Figure 1: Single user RLC/MAC block structure for data transfer for GPRS
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Figure 2: Existing single user RLC/MAC block transmitted over one radio block period (N represents the frame number)

For MTC devices, the smaller MAC blocks can be combined so that multiple users can be multiplexed on one single radio block. A way to achieve this would be to have a DL RLC/MAC block consisting of a common header (CH) and user specific data parts (mDATA) as shown in the figure below. The common header will have addressing mechanism (through TFIs) to address both the users.
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Fig 3: Multiplexing 2 MTC users into a single radio block
3. Achieving multiplexing on the DL:

In the Down Link, a block constitution can be defined as consisting of some way to identify multiple users to carry the user specific data (mDATA) for each MTC user as shown in Figure 4.  The user of the data transmission in DL can be indicated through a combination of user specific TFIs.   

Fig 4: TBF establishment in the DL for M2M devices
In order to indicate two TFIs in the downlink RLC/MAC block we could use the spare bits as an index to the TFI IE. E.g., if the TFI IE is set to 1 and the spare bit set to 11, then another TFI equals to 1+3=4.  Thus another TFI can be indicated. As the network assigns the TFIs the network can decide on the TFIs that can be multiplexed.
As an example we use the DAS-8/9 for illustration since they have two blocks and it becomes clear that each user can occupy one block.

Header type 4: header for DAS-8 and DAS-9

The combined downlink RLC/MAC header for DAS-8 and DAS-9 (header type 4) shall be formatted according to figure 10.3a.3.4.1.
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Figure : Combined downlink RLC data block header for DAS-8 and DAS-9.

As the lower coding schemes do not have spare bits we could have an approach of using an optional octet with the help of an extension bit (this will be a new octet that can be used to convey the TFIs of the individual UEs).
 Conclusion:
In this contribution it is shown that multiple MTC user data can be multiplexed on a single radio block in the downlink.
Proposal 1:  Consider reusing a single radio block to multiplex multiple MTC user data to get better gains.
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