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1
Introduction
During the RAN#58 meeting the new Study Item on Further enhancements to Enhanced Uplink [1] has been approved [2]. The Study Item proposal contains a list of identified areas on which the studies should focus. This contribution aims at describing the basics of technology addressing the 1st point in [1]:

Enabling high user bitrates in a mixed-traffic scenario by means of, e.g., a more efficient method of confining high-RoT operation to dedicated secondary carriers 

It is recognized that the time division multiplexing (TDM) operation can bring significant gains in HSUPA system. The existing Serving Grant signalling procedure is limited in a way that it cannot facilitate efficient TDM operation. In this document the limitation of the existing grant signalling scheme is described and a solution improving grant signalling is proposed.  
2
TDM operation in HSUPA
Enabling high user bitrates requires ensuring good SINR conditions. The separation of users in the time domain is one way to obtain this target. The TDM operation refers to a situation in which one selected UE in a given cell consumes most of the Noise Rise over Thermal Noise (RoT) resources by transmitting with high data rate for a short period of time (several TTIs – several tens/hundreds of TTIs) while at the same time other UEs either stop their transmission or their transmission consumes significantly less resources. The system level gains coming from the TDM operation were presented to 3GPP in [3]. The highest gains are observed with high UE densities and when using high RoT targets. Presented gains will not be achievable in the network without an efficient way of signalling the constantly changing Serving Grants for the users being scheduled in the TDM manner. In the next section the limitation of the current grant signalling approach is described. 
2.1
Signalling of the Serving Grant 
The scheduling in HSUPA is based on the Scheduling Grant which imposes the E-DPDCH/DPCCH power ratio for a given UE. Grants are sent to UEs over the E-AGCH channel (absolute value of the grant is sent to a given UE) or over the  E-RGCH channel (relative grants, information on whether the current grant should be increased or decreased). Since E-RGCH carries only gradual grant updates and the TDM scheduling requires more dramatic changes, the focus will be on the E-AGCH channel.

The TDM scheduling can be realized in the currently working system, however the signalling overhead is significant. To begin the TDM operation all but one UE in a cell have to receive the ZERO-grant command.  It is assumed that in the TDM mode the Node B has to nominate one UE which will transmit for the next period, while the UE transmitting in the previous period has to be informed that it has to stop the transmission. For that 2 commands have to be issued:

1. E-AGCH with either ZERO, INACTIVE or very low Absolute Grant Value addressing the UE transmitting in the previous period

2. E-AGCH with Absolute Grant Value for a UE nominated to transmit in the next period.
The signalling message flow required to perform the TDM operation is presented in Figure 1. 
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Figure 1.  Grant signalling for the TDM operation.

The main disadvantage of this approach is that after sending the ZERO-grant to currently transmitting UE one TTI is lost (no UE transmitting with a high bitrate in the next TTI) before the next UE receives and applies new absolute grant. This reduces gains coming from the TDM scheduling. Reversing steps 1 and 2 would lead to a situation where two UEs transmit simultaneously with high grants for at least one TTI before one of them receives and applies the ZERO-grant. This would cause very high interference for both transmissions and also to the neighbouring cells. 
Different solutions for providing efficient TDM operation are considered. One of them being time limited grants proposed in [4]. This contribution presents another, very effective, solution for solving this problem – grant detection described in the next section. 
2.2
Grant detection
In HSUPA all active UEs monitor the E-AGCH channel. When a transmission occurs each UE tries to decode the grant message by performing a CRC check with its E-RNTI. If a UE successfully decodes the grant it starts the grant update procedure. It is proposed that all other TDM UEs who receive an E-AGCH transmission which is not intended for them (the CRC check fails) automatically set their Serving Grants to zero. This way a single E-AGCH command would provide an absolute grant for one UE and at the same time “silence” other UEs in the cell. The mentioned E-AGCH channel for TDM UEs could be transmitted using dedicated OVSF code. This would ensure that grant signalling to legacy UEs would not interfere with the described approach.  The proposed solution saves signalling overhead as only one signalling message is needed every scheduling period. It also solves the problem of lost TTI between steps 1 and 2 in the Figure 2. The solution doesn’t require new signalling channel design. Instead, the legacy E-AGCH channel can be used.  
This raises a question whether a reliable detection of the E-AGCH transmission dedicated to another UE is possible without knowing the E-RNTI of that UE. Two errors that might occur are false alarm (UE detects the E-AGCH which is not present) and missed detection (UE doesn't detect the valid E-AGCH transmission). A simple link level simulation has been performed to prove that the E-AGCH presence can be detected with high probability by other means than the CRC check. The approached used to detect the grant transmission is described below:
· Decode the E-AGCH irrespectively of its actual presence in the received signal

· Without passing the CRC check and irrespectively of  E-AGCH decoding success perform E-AGCH coding and mapping on decoded signal

· Calculate cross-correlation between the obtained signal and the received signal.

· The detection threshold is selected to provide fixed, admissible false alarm probability of 1%.
· The missed detection probability is measured as a function of the RX Ec/No
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Figure 2. E-AGCH BLER and missed detection presented as a function of RX Ec/No in AWGN channel

Figure 2 depicts the missed detection probability and BLER of E-AGCH channel as a function of Rx Ec/No for the false alarm probability of 1%. Assuming that the E-AGCH power is high enough to be decoded by all UEs in the sector with the BLER of 1% , corresponding to -23dB RX EcNo, the missed detection probability will be below 0.1%. In this range of RX Ec/No the missed detection probability is 10 times lower than the probability of not decoding E-AGCH correctly. Thus, it can be concluded that presented TDM operation improvement can work with very high reliability. 
3
Conclusion
In this document the motivation for changing the Serving Grant update procedure in HSUPA has been given as well as the description of the legacy scheduling grant signalling. Improved Serving Grant update procedure has been presented. The reliability of the proposed scheme has been analysed. The proposed improvement helps reducing redundant signalling messages and at the same time ensures efficient TDM operation which can be carried out also in the presence of legacy terminals.  
References

[1] RP-122019
Study on Further EUL Enhancements, Ericsson, ST-Ericsson, Vodafone, Nokia Siemens Networks, Huawei, HiSilicon, China Unicom, Research in Motion, Qualcomm
[2] Draft Report of 3GPP TSG RAN meeting #58
[3] R1-131609, “Initial simulation results for SINR-based scheduling and TDM in HSUPA”, Nokia Siemens Networks, RAN1#72bis.
[4] R1- 131556, “Physical Layer Considerations for Dedicated Secondary Carrier”, Ericsson, ST-Ericsson, RAN1 meeting #72bis
