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Multiplexing multiple MTC devices in a single block period

1. Introduction
This document has been presented in the last GERAN meeting and there were concerns on the complexity of implementation. We address those concerns.
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 set of M2M devices in existing cellular systems like GERAN this paper proposes a mechanism of multiplexing multiple users in a single RLC block period so that instead of one user, up to 4 users can be accommodated in one block period. 
2. Discussion:
This paper proposes a way to achieve small MAC blocks to be sent in one single data burst so that multiple users can be multiplexed on one single RLC block.

The existing RLC/MAC block for GPRS 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 blocks transmitted over one radio block period (N represents the frame number)

For MTC devices, the small MAC blocks can be sent in one single data burst so that multiple users can be multiplexed on one single RLC block. A way to achieve this would be to have a DL RLC/MAC block consisting of a common header (CH), a user specific header (UH) and user specific data part (mDATA) as shown in the figure below.
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Fig 3: Multiplexing 4 M2M users into a single RLC/MAC block in DL (mDATA represents one user’s RLC/MAC block)
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Fig 4: Multiplexing of 4 M2M user into one radio block period (One UE per burst)

3. Achieving multiplexing on the UL:

USF scheduling mechanism can be achieved by a mechanism of ordering the users to transmit the data in UL through a combination of a common USF and/or a user specific USF in the corresponding DL data. The common USF and a user specific USF can be assigned during the allocation of UL resources. Further the exact frames used for the UL data transmission to the users can be indicated to the users. Contention resolution is done by including the random reference in the UL assignment message. The random reference is a function of Group ID (based on the Group to which MTC device belongs), Subscriber ID and a random number. USF can be a user specific USF or a common USF addressing all the devices occupying the UL block

In the figure below, N is frame number, The UE reads the USF and burst index for each burst in the block, this indicated the UE that needs to transmit in a particular burst in that block.


Fig 5: TBF establishment in the DL for M2M devices

4. Achieving multiplexing on the DL:

In the Down Link, a block constitution is defined as consisting of a common header and multiple sub blocks including a user specific header (UH) and user specific data part (mDATA), each for a MTC user.  The sub-block can be is broken into a user specific header and a user specific data unit as shown in Figure 3.  The block can also consist of multiple sub blocks without any common header.  The user of the data transmission in DL can be indicated through a combination of group TFI and/or the user specific TFI.  A user can be assigned a specific TFI and a group TFI during the allocation of DL resources.  The sub block index can be indicated so that the user knows where to expect the DL data. 











Fig 6: TBF establishment in UL

*1 – Random reference is a function of Group ID (based on the Group to which MTC device belongs), Subscriber ID and a random number

*2 – USF can be a user specific USF or a common USF addressing all the devices occupyin the UL block

NOTE: Contention resolution is done by including the random reference in the UL assignment message.

The allocation can also be flexible, ex: One M2M user could be assigned multiple slots in a frame. In such a case the assignment can be as shown in Figure 7.
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Fig 7: Multiplexing one M2M user with multiple Time slots assigned in a Frame
	MAC header
	Mandatory portion of RLC header (1 byte)



Fig 8: Common Header - MAC header + Mandatory portion of RLC
The resource release can be handled in a similar manner. The case of resource reallocation can be handled through appropriate changes in the “PACKET TIME SLOT RECONFIGURATION MESSAGE”.
It has to be understood that existing coding schemes (Ex: MCS9) can be used when packing the data bits. Also any new coding scheme can also be used for the headers (something other than the ones specified in the specifications currently). The header fields can also be redefined to achieve some optimizations.
Complexity analysis:
The additional signaling that is proposed is the following

For UL - USF scheduling can be achieved by using a combination of a common USF and a user specific USF in the corresponding DL data. The exact frames used for the UL data transmission will also have to be indicated to the users. The common USF and a user specific USF can be assigned during the allocation of UL resources. Contention resolution is done by including the random reference in the UL assignment message. The random reference can be a function of Group ID (based on the Group to which MTC device belongs), Subscriber ID and a random number. Supporting the use of a single block to multiplex up to 4 users involves some signaling changes and the sourcing company believes that this is not complex.
For DL - 
In the Down Link, a new block constitution is defined as consisting of a common header and multiple sub blocks including a user specific header (UH) and user specific data part (mDATA), each for a MTC user.  The sub-block can be is broken into a user specific header and a user specific data unit as shown in Figure 3.  The block can also consist of multiple sub blocks without any common header.  The user of the data transmission in DL can be indicated through a combination of group TFI and user specific TFI. The assignment of a user specific TFI and a group TFI can be done during the allocation of DL resources.  The sub block index where in the user can expect the DL data will have to be indicated to the user. The sourcing company believes that this involves some signaling changes and is not complex. It has to be noted that this will provide gains when small data is being transmitted by a large number of users and is intended to be realized in a new release anyway. 

Conclusion:
In this contribution it is shown that multiple MTC user data can be multiplexed on a single RLC block.

Proposal 1: Consider reusing a single RLC block to multiplex multiple MTC user data to get better gains.
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