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1
Introduction
During the RAN#62 meeting the new Work Item on Further enhancements to Enhanced Uplink has been approved [1]. The Work Item Description contains a list of identified areas on which the work should focus. This contribution aims at describing the basics of technology addressing the following point in [1]:

“Improved granting for secondary carriers and TDM operation” 
During the Study Item phase it has been recognized that the time division multiplexing (TDM) operation can bring significant performance gains in HSUPA system. The existing Serving Grant signalling procedure is limited in a way that it cannot facilitate efficient TDM operation. Several improvements addressing this limitation have been proposed in the Technical Report [2]. Currently the Grant Detection TDM scheme [3] is a working assumption in RAN1. 
This document addresses one of the remaining open questions related to this TDM scheme– the scheduling of multiple simultaneous transmissions. Alongside the pure TDM operation it is desired to provide a possibility to schedule more than one simultaneous UE. This additional flexibility becomes important when a single UE cannot fully utilize the available cell resources. Moreover, the scheduling of multiple simultaneous TDM UEs allows benefiting from advanced parallel interference cancellation receivers which are able to eliminate the signal of strongest interferer(s) allowing for few simultaneous transmissions with high bitrates. 
2
Multiple transmissions in TDM mode
In its basic form, when using only one E-AGCH channel in a cell, Grant Detection facilitates the pure TDM operation where only one UE transmits at the time. Grants being sent to one UE are automatically detected by other UEs configured with the same E-AGCH channel what automatically forces these UEs to revert their Serving Grant to Zero Grant and stop transmitting. This way, one grant message is used to provide the grant for the newly scheduled TDM UE and to stop all previous uplink transmissions. 
The following sections describe different solutions allowing for scheduling multiple simultaneous transmissions (UEs) when using Grant Detection. 
2.1
Two E-AGCH channels
Two E-AGCH channels can be configured in a cell but currently one UE can only monitor one grant channel. Having two E-AGCHs but only one E-AGCH channel per UE it is possible to separate the legacy UEs from the TDM UEs allowing the latter group to operate in pure TDM fashion without being interrupted by non-TDM grants being sent to the legacy UEs. This solution allows scheduling of multiple simultaneous legacy UEs and one TDM UE at the time. 
Each of the E-AGCHs could be also configured with a mixture of legacy and new UEs. This solution would allow scheduling 2 simultaneous TDM UEs and any number of legacy UEs. One drawback of this solution is that any grant sent to the legacy UEs automatically silences all TDM UEs using the same E-AGCH. Moreover, switching from legacy UE to the TDM UE within the same E-AGCH introduces the same transmission gap as in the legacy system. 
Alternative solution would be to have each of the TDM UEs monitor 2 grant channels simultaneously - one operating in Grant Detection mode and the legacy E-AGCH used to transmit traditional Grants not susceptible to Grant Detection and used also for legacy UEs.  This option would allow to flexible schedule multiple simultaneous UEs but it is not preferred because of additional UE complexity. 

The separation of legacy and TDM UEs appears as the cleanest solution under the assumption that other means can be used to schedule simultaneous TDM Grant Detection UEs using the same E-AGCH code. The next section describes how this can be achieved. 
2.2
Two types of scheduling grants
The most flexible solution for scheduling multiple simultaneous TDM transmissions among the UEs using the same E-AGCH seems to be introducing two types of Absolute Grants. One type of grant would be susceptible to Grant Detection and the other one would be a permanent grant that cannot be deactivated by Grant Detection (detecting grant being sent to another UE) but only by explicit Zero Grant E-AGCH message addressed to a given UE. This way the scheduler could assign multiple UEs with persistent Grants and still switch other UEs on top in the TDM fashion using the Grant Detection susceptible grants. Two simple ways of introducing new types of grants using already available standardized mechanism have been identified in the following sections.
2.2.1 Using Primary and Secondary E-RNTI

The “persistent” grants and grants susceptible to grant detection could be distinguished by the UE depending whether UE’s primary or secondary E-RNTI was used for the E-AGCH transmission. The only drawback of this approach is that Primary and Secondary grant identities already have a different application in the standard that would have to be changed for the TDM mode. 

2.2.2 Using the Scope Bit

The new TDM scheme is supposed to facilitate a dynamic per-TTI scheduling of UEs.  Since TDM UEs would be separated in time by efficient grant signalling instead of separation using different HARQ process then it can be assumed that the Grant Detection always uses the per_all_HARQ_processes grant scope, thus the scope bit of the grant message can be released for other purposes. It creates a perfect opportunity for using this bit to indicate “persistent” and “non-persistent” Absolute Grants. Since this solution doesn’t seem to impact any other existing functionality it seems to be the most appealing one. 
3
Conclusion
In this document multiple solutions for scheduling of multiple simultaneous TDM UEs were discussed. This flexibility would be important in case of advanced parallel interference cancellation receivers being able to eliminate the strongest interferers and receive more than one high bitrate transmission simultaneously.  Additionally in the scenario when one UE is not able to utilize the full cell RoT resources it could also be beneficial to schedule additional transmissions to fill the gap. 
The most appealing option seems to be using two E-AGCHs in one cell to separate legacy and TDM UEs. On top of that the TDM UEs can use two types of grants, distinguished by the scope bit, to ensure a flexible scheduling of several simultaneous transmissions among the TDM UEs. 
Proposal: In TDM operation use the grant scope bit (or alternatively grant identity) to distinguish between two types of grants allowing for many simultaneous uplink transmissions. 
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