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1 Introduction

This contribution will focus on the merits of enabling the support of EUL 2ms TTI HARQ process activation and deactivation in CELL_FACH and Idle mode as part of the work item “Further Enhancements to CELL_FACH” [1].
2 General
The 2ms Per-HARQ grants in the CELL_DCH state has been present from the introduction of Enhanced Uplink in WCDMA.  The introduction of the per HARQ process grant setting facilitates the system to be able to spread the transmissions over time to control the intracell interference between E-DCH users. This was specified in order to improve the capacity in terms of number of users in a cell with the highest possible rate and improvements in performance of high data rate users (average peak bitrates).  

In terms of complexity in general, existing implementations of “per-HARQ” Grants for 2ms TTI is already available and thus the complexity of enabling them for CELL_FACH state can be considered limited. 
Performance impact
Noise Rise and Scheduling Handling

Per-HARQ grant scheduling allows for a higher system throughput due to the orthogonallity of the transmissions of the users as the sum of the user rates can be larger than if the user transmissions collide. Figure 1 illustrates this, where for each limit of the total noise rise (ROT) the cell throughput is higher for the Per-HARQ grant transmissions compared with utilizing all TTIs (Release 7 comparison in figure 1). Additionally, Per-HARQ grants facilitate the introduction of interference cancellation of high data rate users to lower rates users (for example, VoIP and signaling).
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Figure 1. Simulation results from 3GPP TS 25.823 V8.0.0 (section 6.2.3)
relative to E-DCH TDM transmission 
In the case of CELL_FACH, where small but frequent packets are expected to be delivered, a good noise to signal radio is important to avoid retransmissions, allowing more users to access the Common E-DCH resources with reduced latency.  Since UEs in CELL_FACH state will be affected by the interference of CELL_DCH UEs and vice versa, and if it is not possible to adjust the noise rise, this will cause a loss in performance. This is since the schedulers are not going to be able to adjust the noise rise according to the transmission needs of all the users (CELL_FACH and CELL_DCH) and therefore being force to deploy a more conservative approach (TTI size, reduced grants, etc) in order to maintain the reliability and accessibility of the system resources.
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Figure 2. Example Noise Rise control by using a Per-HARQ scheme for E-DCH 2ms TTI

Minimum Grant and Grant Granularity
The deployment of 2ms TTI is costly for networks also in term of hardware allocation. One tool that exists in CELL_DCH to handle the hardware and rate utilization is the possibility of adjusting the minimum grant granularity by disabling HARQ processes in order to effectively grant the UE a low rate.  The minimum transport formats (to send data) for FDD E-DCH 2ms TTI according to TS 25.321[2] are 120 and 186 bits. Smartphones generate mostly small and scattered packet transmissions, and this low data rate traffic utilizes relatively large quantities of hardware to deliver those few packets. By limiting the number of active processes, the network is able to save hardware resources for users requiring higher data rate or a higher number of UEs accessing simultaneously the system both in CELL_FACH and in CELL_DCH. 
Reuse of CELL_DCH signaling and procedures

The deployment of 2 ms TTI in CELL_DCH state allows the possibility of activate or deactivate HARQ individual processes by the means of absolute grants. The activation/deactivation is done by means of the Absolute Grant Channel (AGCH), which signals a UE specific grant with two parameters, SCOPE and GRANT. Upon reception of the AGCH, the UE applies the GRANT parameter to the specified HARQ processes SCOPE. The SCOPE can be “ALL” or “Per-HARQ” meaning that the grant applies to all the HARQ processes or to one specific process (the timing of the reception will determine which process is affected). The GRANT value is mapped to the absolute grant table 4.10.1A.1 (3GPP 25.212 [3].). If the value is equal to “INACTIVE” the process(es) referenced by the SCOPE are deactivated.

The same mechanisms can be re-used for CELL_FACH state entirely with some minor adaptation. By allowing the use of an SCOPE different from “All HARQ processes” on the signaling of the AGCH. 
In addition, the release of the common E-DCH resources would require not only a VALUE set to ‘INACTIVE’ but also the SCOPE to “ALL HARQ processes” (see example of Figure 3). In this way, release 11 UEs can differentiate between an explicit release and deactivation of a specific process. In consequence, the network is able to deactivate/activate processes one at the time, which should be sufficient for supporting Per-HARQ process allocation. The handling of Relative Grants in CELL_FACH would not be affected with respect the current specification.
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Figure 3. Example of AGCH signaling to Activate/Deactivate 2ms HARQ processes in CELL_FACH

Initial grant setting
In CELL_DCH state, the data flows (Mac-d flows) can be configured as scheduled or non-scheduled flows. The E-DCH configuration also controls what processes are allowed to be used to transport non-scheduled data and scheduled data. This is achieved by a HARQ process bitmap configuration using the process-Id to identify what processes are allowed to be used. This type of configuration is not available for common E-DCH resources in CELL_FACH.
The identical mechanisms applied in CELL_DCH for use in common E-DCH in CELL_FACH to deactivate or activate some of the processes cannot be applied fully until after contention resolution. Therefore, the initial state of the HARQ processes needs to be configured in advance. This can be solved similarly to how the initial grant setting for the common E-DCH resources is made. 

One simple option is to signal a reference bitmap that is updated in each Common EDCH configuration if required, or alternatively present as e.g. Mandatory Default (MD) IE. The bitmap would then define active and inactive HARQ processes (Figure 4). An additional bit could be used if required to shift the reference value. This could for example be based on the common E-DCH resource index. 
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Figure 4. Initial HARQ process state for 2ms TTI C-EDCH example

3 Conclusion

By introducing the provisioning of a per HARQ process configuration for E-DCH in CELL_FACH, clear benefits of intracell interference control, higher system throughput and improved capacity can be achieved. Furthermore, by using the existing HARQ process activation/deactivation shame in E-DCH, the implementation complexity is limited.
Proposal 1
Introduce standard support for the per-HARQ process scope of absolute grants in CELL_FACH and Idle mode for 2 ms TTI.
Proposal 2
Introduce a parameter in the configuration of common E-DCH 2ms TTI to indicate the initial state (inactive/active) of the UE HARQ processes.


4 References

[1] RP-110436, “Further Enhancements to CELL_FACH”, Ericsson, ST-Ericsson, Qualcomm Incorporated, Huawei, HiSilicon, Nokia Siemens Networks, Vodafone, Renesas Electronics Europe, T-Mobile USA, Deutsche Telekom, Orange, Telefonica, Telecom Italia, Interdigital, ZTE Corporation, China Unicom, Alcatel Lucent, Research in Motion UK Limited

[2] 3GPP TS 25.321 Medium Access Control (MAC) protocol specification  V10.3.0

[3] 3GPP TS 25.212 V10.1.0 (2010-12). Multiplexing and channel coding (FDD)

RoT1





RoT2





RoT target





time





User 1/2/3





HARQ proc #





8





7





6





5





4





3





2





1





8





7





6





5





4





3





2





1





3





3





2





2





2





1





1





1





3





3





2





2





2





1





1





1





time
































































































































UE HARQ process status: Process 1 active, rest inactive








HARQ proc Id: 0…7





C-EDCH (2ms)





1





Scope: Per-HARQ


Value: Inactive





2ms eul TX








Deactivate HARQ Process 1 








AGCH





Inactive process





2





Scope: Per-HARQ


Value:5





activate HARQ Process 2 and update serving grant with value of AG index 5








Scope: ALL


Value: Inactive





Explicit Release














Common E-DCH Resource Configuration information list�
�
>Soffset�
�
>F-DPCH Code number�
�
>E-RGCH Information�
�
>HARQ info   (only applying to 2ms TTI configurations)�
�
>>HARQ Allocation  BIT STRING (SIZE (8)) MD�
�
>>HARQ shifting  BIT STRING (SIZE (1)) MD�
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