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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]. 
This document describes a functional hybrid of two potential solutions – New E-AGCH timing for deactivation proposed by Huawei and Grant Detection proposed by NSN. 
This document is an update to [5] including a new section 4, in an attempt to answer to concerns on false alarm rate expressed in [6],
2
Solutions
2.1
New E-AGCH timing for deactivation

This, probably the simplest solution on the table, assumes changing the timing for the deactivation of Absolute Grant. If a TDM UE Serving Grant is deactivated via E-AGCH signalling the deactivation should be applied one TTI earlier compared to the legacy operation. The shorter delay between receiving a deactivation message and applying it by the UE gives time for the Scheduler to transmit new Absolute Grant to the next UE that has been scheduled for the transmission. 
2.2
Grant Detection
Grant Detection is an alternative TDM grant signalling mechanism introduced in [3] and [4]. 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 solution doesn’t require new signalling channel design. Instead, the legacy E-AGCH channel structure can be used. What changes is the interpretation of received Scheduling Grants.   
3
Combined solution

When two E-AGCHs are available and configured to a UE operating with 2 ms TTI for E-DCH, the two channels take a slightly different mode of operation:

a) One of the two E-AGCH codes operates as defined in Rel-6, but 

· if the Absolute Grant Value is “Zero_Grant”, or

· If the Absolute Grant Value is “Inactive” and Absolute Grant Scope is “All HARQ processes”
· Then the E-AGCH message is applied 1 TTI earlier than in the Rel-6 operation

b) The other one of the two E-AGCH codes operates as described above, but

· If the UE detects that there was a transmission on this E-AGCH code, but its CRC decoding fails (the used E-RNTI was of some other UE’s), and if the current SG was received on the same E-AGCH channel, the UE considers this as “Zero_Grant”. In this case the Zero_Grant is applied according to Rel-6 timing.

With two E-AGCH codes the system can schedule as many parallel UEs to transmit at a given time as it wishes, but it is still possible to achieve switching between two UEs on the first E-AGCH code without gap in between transmissions. With the same setup it is possible to schedule all the new UEs with the second E-AGCH and achieve perfect TDM, and use the other E-AGCH to legacy UEs.
The cell could also be operated with a single E-AGCH. For example, when there is a notable number of legacy UEs active in the cell, the scheduler can still benefit from the more efficient switching between two UEs with reduced Zero_Grant application delay, when addressing new UEs. Similarly, in full TDM environment with a limited number of legacy UEs the scheduler can benefit from a ‘grant detection mode’ E-AGCH implicitly silencing the UE(s) the new grant is not sent to. 
Hence it is natural to also allow for configuring the UE with just one E-AGCH, and let the network configure whether the UE is to follow behaviour a) or behaviour b).
4
False alarm probability of grant detection

In addition to the false alarm probability of 1% in [3], results with 0.1% FAP have been included in this contribution. 
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Figure 1: . E-AGCH BLER and missed detection presented as a function of RX Ec/No in AWGN channel 
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 approach 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 (1% or 0.1%).

· The missed detection probability is measured as a function of the RX Ec/No

Figure 1 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% and 0.1%. 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% for 1% FAP and around 0.2% for 0.1% FAP. In this range of RX Ec/No the missed detection probability is 5 to 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. 

It is worth noting that even though the simulation was done in AWGN the BLER to MD difference for a given FA does not change in different propagation environments.
5
Conclusion
This document attempts at combining two solutions regarding improved granting. It was described how the benefits of two solutions can be combined and the functionality of the new hybrid solution is presented. Taking into consideration the fact that by those two solutions we are achieving full spectrum of usability in the scenarios presented above we are proposing the following: 
Proposal 1: The new behaviour is only applicable with 2 ms TTI
Proposal 2: The UE can be configured with two E-AGCH code channels
Proposal 3: If the E-AGCH carries an explicit “Zero_Grant”, or if it carries an explicit “Inactive” with Absolute Grant Scope of “All HARQ processes”, the UE takes action 1 TTI faster than defined in Rel-6
Proposal 4: One of the two E-AGCHs operates in ’grant detection mode’

· If the UE detects that there was a transmission on this E-AGCH but it’s CRC decoding fails (some other UE’s E-RNTI was used), and the current SG was received on this E-AGCH code channel, the UE considers this as Zero_Grant. In this case the Rel-6 timing applies.

Proposal 5: If UE is configured with only one E-AGCH then it is network dependent whether behaviour described in Proposal 3 or Proposal 4 is configured 
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