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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 and compares different enhancements proposed in the Study Item to introduce efficient HSUPA TDM scheduling. 
2
TDM operation in HSUPA
Enabling high user bitrates requires ensuring good SINR conditions. Since HSPA uplink transmissions are not orthogonal the separation of users in the time domain is one way to ensure high SINR. 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 scheduling period (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. It should be noted that efficient grant handling will be essential in case of a Lean Carrier operation [2] but also should be considered as a standalone feature that can improve uplink capacity on a legacy carrier.
The limitation of the TDM operation in the legacy system has been described in [6][8][9].
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Figure 1: Legacy grant signalling for the TDM operation

The main disadvantage of the legacy scheduling mechanisms applied to the TDM mode is the inflexibility of the existing Absolute Grant Channel E-AGCH. Switching between two TDM UEs requires sending at least two E-AGCH commands, one with ZERO-grant to currently transmitting UE and one with the new absolute Grant for the next UE. A transmission gap occurs between these two Grant commands what decreases the system performance. An alternative solution of scheduling TDM UEs using different HARQ processes is similarly inflexible and may require even more E-AGCH messages. 
System level gains coming from the TDM operation were presented to 3GPP in [3], [8] and [10]. The highest gains are observed with high UE densities and when using high RoT targets. While contributions [3] and [8] depict simulated system level gains achievable in the network the last one [10] provides estimation of the gains that does not take into account that gaps in UE transmission have also a partially positive impact on the system as the interference to other cells is temporary but significantly reduced. Ignoring this effect is a gross oversight and the main reason for the difference between [3],[8] and [10], therefore the numbers presented in [10] can be found misleading. The gains presented in any of the mentioned documents 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 (without solving the limitation described in the above paragraph).The following subsections describe different approaches proposed to improve the TDM operation efficiency in HSUPA. 
2.1
Time-limited Grants

Time-limited grants one of the solutions proposed in [4] and [10]. This approach assumes introduction of a new parameter – grant activation period. A UE after receiving such a grant would use it as a Serving Grant for a number of TTIs defined by the grant activation period and then change the Serving Grant to zero. This requires a new grant signalling channel that would allow transmitting both Absolute Grant value and the associated grant activation period parameter. The new grant signalling channel could have a structure of the existing E-AGCH. It is proposed in [4] that the TDM operation could use a reduced Absolute Grant range and the E-AGCH bits saved from this reduction could be used for signalling the grant activation parameter. However, during the Study Item it was agreed that the TDM should also support more than one simultaneously transmitting UE when e.g. one of UEs benefits from high data rate transmission but other UE(s) can still transmit sensitive data with a significantly smaller transmit power. Such a scenario requires a full range and granularity of the Absolute Grants and therefore there is no room for additional parameter to be squeezed in on the E-AGCH. Instead additional channel would have to be used for signalling the grant activation period parameter. 
Lack of flexibility is the next and even more pronounced limitation of this proposal. Since Absolute Grant activation period is to be transmitted together with the grant value the scheduler needs to set it ahead when scheduling the transmission. If later during the transmission the scheduler would like to switch transmitting UEs before the activation parameter of the currently transmitting UE expires the legacy approach has to be used - sending the ZERO grant or significantly lower grant before proving a high grant value to the next UE. The rest of the approaches described in the next sections are free of this limitation. 
Therefore we propose to focus further work only on a subset of solutions with the most potential and drop the least efficient ones including time-limited grants. 
2.3
Fast Scheduling Grant

Another approach on TDM Grant signalling has been presented in [9]. The essence of this solution is to separate the grant handling from the scheduling information. According to this proposal UEs would receive the granted power level via legacy E-AGCH. Additionally new signalling method, called FSG (Fast Scheduling Grant) is proposed to signal the allocation of subframes for specific UEs. When fast scheduling grant is used the UE follows the serving grant value signalled using legacy methods but transmits data only when it has received FSG showing that the UE has permission to transmit in particular TTI. To signal the FSG to the UE either E-AGCH or E-RGCH structure could be reused. The E-RGCH option seems to be a better solution. It was proposed that some signatures of the legacy E-RGCH channel could be reserved for signalling FSG information. However, that could significantly limit the E-RGCH capacity for adjusting the power grants for dynamic channels to maintain the RoT target. Therefore, it is possible that additional E-RGCH channel code would have to be used. What is more important potential miss-detection on E-RGCH would lead to more severe effects than in a legacy system. That is why the E-RGCH reliability would have to be revisited for this approach. Furthermore, the FSG message could often need to be associated with an E-AGCH message to adjust the UEs grant to the current interference situation leaving the FSG message mostly redundant.
2.2
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 with one TTI delay comparing to the legacy operation. The delay between sending 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. Comparing to the Grant Detection scheme from the next section there is more signalling overhead since two E-AGCH grant commands have to be transmitted every scheduling period. However this approach solves the main legacy TDM limitation of transmission gaps occurring between scheduling periods of different UEs and this is achieved with very minor changes to the standard and very low complexity. This approach clearly does not solve all of the TDM operation flaws but considering the limited specification impact it could be standardized in parallel to any of the other, more complex, TDM schemes described in this chapter. 
2.3
Grant Detection
Grant Detection is an alternative TDM grant signalling mechanism introduced in [6] and [8]. 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 in comparison with the legacy scheme and other TDM proposals as only one signalling message is needed every scheduling period. It also solves the problem of underutilized TTIs in the legacy system. 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.   
Simulation results presented in [6] show that a reliable detection of the E-AGCH transmission dedicated to another UE is possible without knowledge of the E-RNTI of that UE. The missed detection probability is ten times lower than the probability of not decoding E-AGCH correctly. It means that the proposed mechanism can work with a very high reliability. System level simulation results presented in [8] depict a significant system performance gain of the proposed approach. 
One potential disadvantage of Grant Detection is scheduling only one UE at the time. In some cases a single UE may not be capable of utilizing whole RoT budget. That would lead to underutilization of resources unless another UE is scheduled at the same time to fill the remaining RoT margin. Scheduling of more than one UE can also help to utilize the capability of the successive interference cancelling receivers. One solution to this problem is to use the legacy E-AGCH to schedule additional UE(s). As mentioned before, the TDM operating UEs could use the E-AGCH channel transmitted on a dedicated OVSF code to allow coexistence with the legacy scheduling. It means that new UEs could monitor both new and legacy E-AGCHs and use also the legacy one to receive additional grants. Another interesting approach to this problem would be to introduce an additional parameter setting the number of simultaneously transmitting UEs. Let N be the number of UEs to operate in parallel. In that case the UE that is currently transmitting should not terminate its transmission after detecting first absolute grant with incorrect CRC but wait for the N-th Grant Detection before stopping the transmission. Initial Grant Detection proposal is depicted in the figure below.  
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Figure 2. Time-domain diagram of TDM operation with the initial grant detection proposal

In the figure above upon detection of a grant intended for a different UE (Enable TX arrows) the currently transmitting UE stops the transmission according to the Grant Detection scheme. Figure below presents the extended version of the algorithm with parameter setting the number of simultaneous UEs N to 2. 
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Figure 3. Time-domain diagram of TDM operation with the present invention applied
The N parameter could be semi-dynamically signalled to the UEs and therefore not creating any significant overhead on the radio interface. The additional parameter introduces new complexity to the solution that should not be neglected. Each of the TDM-operating UEs would have to maintain a counter of detected Absolute Grant transmissions addressed to a different UE. Also the scheduler would have to keep track of the correct value of each of the UEs’ counters to be able to easily repair situation when miss-detection occurs. From this perspective the initial Grant Detection solution with an optional additional E-AGCH channel for legacy UEs could be more efficient. 

This Grant Detection approach saves signalling overhead as there is no need to prolong the Absolute Grant in every TTI in which a UE is supposed to transmit, there is also no need to explicitly terminate any grants. The grant is sent only once per scheduling period per UE so the shorter the scheduling period the more overhead is saved. Another advantage of this solution, compared to the Time-limited Grants from 2.1 , is that the scheduler doesn’t have to know the scheduling period when assigning a grant to a UE. The Node B can decide very dynamically on switching UEs taking into account instantaneous buffer and interference situation. The problem of scheduling more than one simultaneous UE can also be solved in a number of ways as presented above. Hence, this scheme presents very high flexibility and signalling overhead reduction and therefore is proposed to be considered for TDM operation in Enhanced Uplink. 
3
Conclusion
This document attempts at comparing and evaluating different TDM operation schemes proposed for this Work Item. It has been concluded that different schemes differ mostly in the grant signalling domain but also in added complexity, reliability and the level of flexibility that they provide to the scheduler. Considering all those aspects it is proposed to limit further work only to the most perspective candidates namely Grant Detection and New E-AGCH Timing for Deactivation. 

Proposal: Streamline the further work to the subset of proposed approaches: New E-AGCH Timing for Deactivation and Grant Detection
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