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1 Introduction

A new Work Item on “Further EUL Enhancements” was approved during the RAN#62 plenary meeting. One of the objectives of the Work Item consists in specifying technical solutions for increasing the end user performance (e.g. latency, achievable rates, etc.) [1]. More specifically, the above mentioned objective is detailed as “Introducing enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios”.
Within the above scope, the Work Item identifies “an improved granting for secondary carriers and TDM operation” as one of the main areas to be enhanced, which has been preliminary addressed during the study item phase [2]. 
This contribution brings back the motivation behind improving the TDM operation, and provides the description of an improved TDM scheduling scheme suitable for dealing with bursty traffic scenarios.
2 Motivation behind improving the TDM scheduling

The current TDM scheduling can find disadvantages when dealing with bursty high data rate traffic, the above mainly because with the current solution there is a need for signalling two E-AGCHs (one for starting the data transmission, and one more for stopping it), which leads to consuming two radio resources per data transmission plus the fact of adding an inherent delay whenever subsequent UEs are meant to be scheduled. 
An example of the TDM scheduling handling bursty traffic was presented in [3], where it is assumed that different UEs consecutively transmit data packets during 2 TTIs each. When dealing with such kind of traffic, the legacy TDM scheduling looks like it is shown in Figure 1.
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Figure 1.  Legacy grant signalling used for TDM scheduling of bursty UEs transmitting data during 2 TTIs
From the depicted case shown above, it can be observed that whenever a UE gets scheduled an E-AGCH is signalled for activating the transmission, then after 2 TTIs a new E-AGCH needs to be signalled to the same UE for deactivation purposes, the reason behind the above mechanism has to do with avoiding data collisions. So, a UE with an active data transmission needs to be first deactivated to later on (i.e., in the next TTI) let the scheduler to send a new E-AGCH for activating the transmission of a new UE. The above procedure results in 1 TTI gap between each scheduled data transmission, which in the above example translates into an uplink utilization of around 67% of the time.
For exactly the same case treated in Figure 1, an improved TDM scheduling scheme introduced for dealing with bursty data traffic is depicted in Figure 2. 
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Figure 2.  Improved grant signalling used for TDM scheduling of bursty UEs transmitting data during 2 TTIs

From the above figure, one of the first things to be noticed is that there is no a dedicated E-AGCH signalling for deactivation purposes, because the improved TDM scheduling allows the activation and deactivation to be signalled together within the same TTI through the use of a time limited grant (TLG), which will be described later in section 3.
Since a UEs automatically deactivates its transmission once its corresponding granting time expires, a new UE can start transmitting right after the previous one (in the above example, subsequent UEs are signalled with time limited grants two TTIs after the activation of the last UE).  

The improved TDM operation reduces the E-AGCH signalling (before two E-AGCH were required per data transmission), and provides a 100% of TTI utilization. 
3 Time Limited Grant Operation
The current scheduling framework consists in scheduling grants sent by the NodeB to the UE through the E-AGCH, which is used for transmitting an absolute value that lets the UE know the power level that the E-DPDCH may use in relation to the DPCCH. In short, the E-AGCH consists of 5 bits for the absolute grant value, and 1 bit indicating the scope of the grant.

As it was stated in the previous section, a time limited grant (TLG) containing a grant value, as well as an activation period should be scheduled simultaneously by the NodeB in order to activate and deactivate the UE in a single step. The TLG operation is intended to enabling high user bit rates on multi-carrier uplink scenarios, and it can be achieved by using the scheme that is proposed below.
3.1 TLG by using MSB Duality with AG scope bit 
By re-using the layer 1 structure of the E-AGCH, the HARQ entity, and the same timing relation with respect to other channels (e.g., E-HICH), this scheme preserves everything as it is (i.e., the 32 indexes to be matched to different data rates are available to be granted), being the TLG achieved by giving an extra meaning to the two most significant bits (MSB) of the values that have been granted by the E-AGCH. This way, there are four subset of values (‘11’,’10’,‘01’, and ‘00’) that will be matched to different transmission durations as a function of its data rate. 
Moreover, since the re-transmissions are also granted when the TLGs are in use, the last bit in E-AGCH originally indicating the scope of the grant is now used for having the possibility of granting 1 TTI of transmission duration regardless of the data rate when such a bit is equal to ‘0’, while when it is equal to ‘1’ the number of TTIs granted for transmission can be hard coded or configured by the network. The idea behind the proposed scheme is illustrated with the example shown in Table 1.
Table 1. TLG Scheme: Time Limited Grant by using MSB Duality with AG scope bit.
	TLG Scheme

	5 bits
	1 bit

	Absolute Grant Value

(Full Table Available)
	Mapped to Index

(All the original set of values are available)
	Time Limited Grant

‘1’ has a different meaning depending on the MSB of the AGV
	Number of TTIs granted

(The time duration depends on the rate, the higher the rate, the shorter the duration and vice-versa)

	11111
	31
	1

0


	4 TTIs

1 TTI

(For handling the retransmissions)

	11110
	30
	
	

	11101
	29
	
	

	11100
	28
	
	

	11011
	27
	
	

	11010
	26
	
	

	11001
	25
	
	

	11000
	24
	
	

	10111
	23
	1

0


	8 TTIs

1 TTI

(For handling the retransmissions)

	10110
	22
	
	

	10101
	21
	
	

	10100
	20
	
	

	10011
	19
	
	

	10010
	18
	
	

	10001
	17
	
	

	10000
	16
	
	

	01111
	15
	1

0


	12 TTIs

1 TTI

(For handling the retransmissions)

	01110
	14
	
	

	01101
	13
	
	

	01100
	12
	
	

	01011
	11
	
	

	01010
	10
	
	

	01001
	9
	
	

	01000
	8
	
	

	00111
	7
	1

0


	16 TTIs

1 TTI

(For handling the retransmissions)

	00110
	6
	
	

	00101
	5
	
	

	00100
	4
	
	

	00011
	3
	
	

	00010
	2
	
	

	00001
	1
	
	

	00000
	0
	
	


By using this scheme, the bits that are currently used only for the AGV will have a dual meaning since the two MSB carried by the E-AGCH will be associated to different time limited grants. This way the activation/deactivation can take effect by using a single signaling. To highlight that a new grant always overrides an existing one.
With this scheme, the set of values corresponding to the higher rates (or those combinations having ‘11’ as their most significant bits) will be granted the shortest transmission durations, the next ones a little bit longer and so on, in such a way that the granted transmission time is inversely proportional to the data rate.
Proposal 1: To improve the TDM operation by using a Time Limited Grant scheme that reuses the L1 structure of the E-AGCH.
4 Conclusion

In this contribution the motivation behind improving the TDM operation was discussed, and a new TDM scheduling based on a time limited grant scheme was introduced aiming at enabling high user bitrates on a secondary carrier. One scheme has been presented in order to achieve the goal of activating/deactivating the UE by using a single signalling, preserve the E-AGCH untouched, and offer the possibility of scheduling TLG as a function of the granted rate. It can be concluded that the enhanced TDM operation improves the uplink performance by eliminating the gaps in between the data transmissions of different UEs, and that also reduces the downlink overhead since the activation and deactivation can take place in a single step by using only one E-AGCH. 

Proposal 1: To improve the TDM operation by using a Time Limited Grant scheme that reuses the L1 structure of the E-AGCH.
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� The number of granted TTI’s can be hard coded or configured by the network.
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