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 Time Division based Shared USF
1 Introduction
According to the analysis in previous meetings, USF is a bottleneck on the PDCH [1]. Some enhancements [2] [3] were proposed to solve this USF bottleneck. This paper also gives a possible enhancement which is called TD-shared USF.
2 Time Division based Shared USF
2.1 Basic concept
The main purpose of the Time Division based Shared USF is to extend the USF values to increase the device number multiplexed on the same PDCH. 
The main idea of TD-Shared USF
· One PDCH can be divided into several sub-channels on a radio block basis. Within 52-multi-frame, there are 12 radio blocks. These 12 blocks can be divided into 2/3/4/6/12 groups. Each group has 6/4/3/1 radio blocks and these radio blocks belonging to the same group can be defined as a sub-channel;
· Devices assigned on different sub-channels can use the same USF value in the uplink.
Following is an example. One PDCH is divided into two sub-channels for specific devices (M2M devices), sub-channel 0 is identified by even numbered radio blocks and sub-channel 1 is identified by odd numbered radio blocks, and two devices can use the same USF, e.g. USF=1on different sub-channel. Legacy H2H devices, e.g. assigned with USF=2 and 3, will not be impacted by the sub-channels.
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Figure 1: concept of TD-shared USF mechanism
2.2 Impact on related procedures
Since the sub-channels are logically isolated, the PACCH associated with the corresponding sub-channels are also logically isolated too. 

USF monitoring:

A device assigned with such sub-channel does not need to monitor every downlink block but only need to monitor the corresponding downlink blocks which may contain the assigned TD-Shared USF. If a device is assigned a sub-channel (e.g. radio blocks with even number) in the uplink PDCH0, then the device shall only monitor the corresponding downlink radio blocks with odd number to decode the USF.
PACCH procedure:

Downlink radio blocks which may contain TD-Shared USF may contain PACCH blocks. So if the uplink sub-channel defined to be even numbered blocks, the corresponding downlink PACCH shall be the odd numbered blocks. Similarly, all uplink blocks allocated by the assigned TD-Shared USF on the assigned uplink sub-channel could be PACCH/U block.
Following figure gives an example on USF monitoring and downlink PACCH decoding.
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 Figure 2: PACCH procedure of TD-shared USF mechanism
2.3 Signalling to support TD-Shared USF
For one phase access:
To support the establishment of such sub-channel in the uplink by using one phase access, the capability bit should be introduced in the system information message and EGPRS packet channel request message, MS RAC IE and Classmark 3 IE. 
For two phase access:
To support the establishment of such sub-channel in the uplink by using two phase access, capability bit only need to be introduced in MS RAC IE and Classmark 3 IE. 
For uplink TBF assignment message:
A new IE needs to be introduced to support TD-Shared USF assignment. If the number of the sub-channel is 6, then the IE could be described as following. If more sub-channels are required, more bits are needed in Sub_Channel_Mode field and Sub_Channel_N field.
	< TD-Sub-Channel Parameters IE > ::=


< Sub_Channel_Mode : bit (2) >


< Sub_Channel_N : bit (3) >;




Sub_Channel_Mode (2bit field)
This field indicates the mode of the sub-channel. A PDCH can be divided into four type of sub-channel according to Bn mode M within a 52-multiframe. M can be configured to 2, 3, 4, or 6 which denotes different rate of the sub-channel.
00
1/2 rate sub-channel, M=2
01
1/3 rate sub-channel, M=3
10
1/4 rate sub-channel, M=4
11
1/6 rate sub-channel, M=6
Sub_Channel_N (3bit field)
This field indicates the Sub-Channel N defined by the radio block with Bn mod M = N.
000
Sub-channel 0, Bn mod M = 0
001
Sub-channel 1, Bn mod M = 1
010
Sub-channel 2, Bn mod M = 2
011
Sub-channel 3, Bn mod M = 3
100
Sub-channel 4, Bn mod M = 4
101
Sub-channel 5, Bn mod M = 5
110
reserved
111
reserved
2.4 Impact analysis
This TD-Shared USF will not introduce any change on RL/MAC block structure (including header and data payload) and modulation and coding scheme. This mechanism will not impact link level performance such as BLER. This method will not bring any transmission collision from multiple devices which sharing the same USF as in [2] for the one-to-one mapping between sub-channels and devices. This method also allows the multiplexing with legacy mobiles on the same timeslot.
The only impact is the USF allocation algorithm since a 52-multiframe is divided into several logical sub-channels. 
3 Conclusion
This paper proposes a TD-shared USF to solve the bottle neck of USF value on PDCH. TD-shared USF allows a same USF value to be shared by multiple MSs on different radio blocks. By using this method, USF values can be increased to maximum 85 (7 * 12 (sub-channel) + 1 (reserved value)) which is a quite large quantity to support MTC device data transmission with no change on RLC/MAC block structure. The only change is the assignment signalling and logic channel mapping.
It is proposed to consider this TD-shared USF in Rel-10 MTC WI and SI to enhance PDCH capacity.
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