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1 Introduction

One of the functionalities proposed as part of the WI on further enhancements to Cell_FACH is to allow the UE to provide feedback on HS-DPCCH without on-going E-DCH transmission (“stand-alone DPCCH”). Potential benefits of this functionality as well as some possible realizations were discussed in RAN2#74 and RAN2#75.  It was concluded that more study is needed to further analyze the merit of such functionality and the impact on the complexity. This contribution addresses these aspects.

The primary motivation for introducing a standalone HS-DPCCH functionality is to recover the user throughput and system capacity that are lost when the network schedules DL data without precise knowledge of channel quality and without HARQ feedback in Cell_FACH state. The analysis provided in [1] showed that substantial reduction in TTI utilization could be achieved even with applications generating bursty traffic (email, VPN, IM) and assuming the feedback only becomes available after a delay from the start of a data burst. For instance, even a delay as high as 40 ms would yield reduction of TTI utilization of the order of 50% for the email and VPN applications, and much higher for web browsing.
Based on these results it seems justifiable to introduce the functionality and determine a mechanism for allocating the HS-DPCCH resource.   

This contribution analyses different aspects and mechanisms to allow HS-DPCCH feedback in CELL_FACH.  
2 Setup mechanism 
2.1 Triggers to starts HS-DPCCH

Two basic mechanisms can be considered for triggering downlink HS-DPCCH feedback.   A network controlled mechanism and a UE autonomous mechanism.  

A network controlled mechanisms would allow the network to have full flexibility and control over the use of the HS-DPCCH resource.  Moreover, the network has the best knowledge on the need for HS-DPCCH feedback according to the load and amount of data available for the UE.  Such mechanisms however would require that new signalling mechanisms to allow the network to control and initiate HS-PDCCH are introduced.

On the other hand, a UE autonomous initiation of feedback based on reception of data would not require any new signalling mechanisms, but it has the disadvantage of increasing the probability of the UE setting up HS-DPCCH resource when not required (e.g. only a small amount of data is sent to the UE) or setting up HS-DPCCH resource when the UL load is already quite high and UL resources are limited.   

Therefore, it seems clear that the most efficient and desirable mechanism is a network controlled mechanism.

Proposal 1:  Introduce a network control mechanisms to trigger and define the HS-PDCCH feedback
2.2 HS-DPCCH setup
Setup latency 
The time at which HS-DPCCH transmission is initiated is network implementation and it can be initiated before, at the same time, or after the first data is sent to the UE using the HS-DPSCH in CELL_FACH.  Regardless of when the network triggers, the HS-DPCCH setup latency requirement need to be discussed and agreed. 
The results provided in [1] show the sensitivity of the gain on the setup latency, defined as the delay between the time when the downlink transmission starts and the time when the UE starts providing CQI feedback over HS-DPCCH. Based on these results, even a setup latency as high as 40 ms can yield a reduction of TTI utilization of 50% for the VPN and email applications, and even more for the web browsing application. Thus this number could be seen as a reasonable design target and therefore RAN2 and RAN1 should aim at introducing a solution that can reduce setup latencies when compared to common E-DCH access latencies.  

In order to initiate the HS-DPCCH setup, the network may send an order to the UE simply indicating to start the HS-DPCCH feedback.  This implies that the UE starts a normal RACH procedure, which consists of choosing a random preamble and initiating uplink access.   The latency from the reception of the signal to the transmission of the HS-DPCCH would be equivalent to the ramp-up time + resource assignment time + contention resolution time + DPCCH transmission time.    The collision resolution time can range from 8 to 28 TTIs, which can directly significantly increase the HS-DPCCH setup time to a level that will impact the overall throughput gains.  Therefore, in order to fully benefit from HS-DPCCH feedback a faster resource initiation mechanisms can be beneficial. 
Assuming that the network is initiating the setup of the HS-DPCCH it can be envisioned that a contention free resource may be easily provided to the UE as part of the order or message used to trigger HS-DPCCH feedback.  The resource may be provided in the form of an index to a HS-DPCCH resource or to an E-DCH resource.  This could significantly improve setup times, as the contention resolution and the resource assignment phase (AICH/E-AI) can be avoided.  Therefore, it is proposed that a contention free mechanism is used to setup the HS-DPCCH resources in the UE. 
Proposal 2:  Introduce a contention free mechanism to setup the HS-DPCCH resources in the UE.  

Signaling mechanisms to initiate HS-DPCCH 
Different setup and signalling mechanisms have already been proposed in previous meetings. 
In [1], a setup mechanism relying on the reception of AICH has been proposed. In this mechanism, each UE is assigned unique time periods during which it monitors an AICH. The UE can access resources and immediately start transmitting the standalone HS-DPCCH indicated by a detected E-AI. Furthermore, the UE may interpret the absence of E-AI as an indication that no downlink transmission will start until the next time period when AICH is monitored. Thus, this setup mechanism could also be utilized as an additional (or alternative) mechanism for DRX in Cell_FACH based on polling from AICH.
It has also been suggested to trigger the transmission of HS-DPCCH by a HS-SCCH (e.g. order) ([2]
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[3]). In this case, a mechanism to identify a specific HS-DPCCH resource would still need to be defined. One could for instance consider the use of order bits in the HS-SCCH.
One potential issue with a solution solely based on reception of AICH is the reliability. In case the network does not transmit anything over AICH but a UE falsely detects an E-AI, this would result in spurious standalone HS-DPCCH transmission that would at best increase the UL interference and at worst result in a collision with another UE already utilizing the falsely allocated resource. The reliability could be controlled by increasing the transmission power of the AICH, at the expense of downlink capacity. This cost would need to be investigated based on link performance data of E-AI and target spurious detection rate. It should be noted that in the case of E-DCH in Cell_FACH, this issue was mitigated by the fact that the UE only attempts E-AI detection after sending a preamble, and also by the existence of a collision resolution mechanism. In the proposed mechanism, the UE would attempt detection in every time period reserved for this UE, whether or not data is scheduled.
Another potential issue is the scalability with UE population in Cell_FACH. The mechanism requires that each UE is assigned a unique set of time periods, thus the maximum number of UE’s that can be supported is linked to the DRX cycle(s) used by these UE’s. When the population of UE’s reaches the limit, either the DRX cycle of some UE’s needs to be increased (which increases their latencies) or additional AICH resources need to be allocated (which consumes downlink code space and power). It would need to be investigated whether this limitation is acceptable in view of the larger population of UE’s that are targeted to be supported as part of this work item.
On the other hand, a solution where stand-alone HS-DPCCH is triggered on reception of HS-SCCH order would not suffer from these drawbacks since the decoding of an HS-SCCH with CRC masked with the H-RNTI of the UE automatically provides an identification mechanism and is also highly reliable. Such a solution would also build on the existing mechanism for DRX in Cell_FACH based on HS-SCCH/HS-DSCH (and not AICH) reception. If the number of resources addressable by the HS-SCCH order is found to be too low, one could eventually consider solutions based on subsequent decoding of an E-AI.
When considering the latency aspect the two types of solutions appear to exhibit similar performance, within 1 TTI. The difference is well below the point where latency starts to have a noticeable impact on the overall throughput according to [1].  It is understood, that the latency would be higher for the case where the NB only indicates a resource after a RACH preamble (randomly chosen) is transmitted by the a UE (e.g. for the case where a dedicated preamble is not provided with the HS-DPCCH setup order).  
Proposal 3: As a baseline, transmission of stand-alone HS-DPCCH should be based on reception of HS-SCCH order using H-RNTI of the UE.
Once a common E-DCH resource is provided, the UE can either perform a normal ramp-up preamble phase using the preamble associated to the provided resource or the UE can skip the preamble phase and immediately start DPCCH transmission.  
A legacy RACH preamble ramp-up phase is the simplest mechanisms that can be used to start the initial uplink access, as there would be no impacts in the UE.   As part of the RACH preamble phase the UE waits for an AICH to acknowledge the preamble and to start using the pre-allocated resource.  If no AICH is received, the UE increases the power and tries again.   However, if an ACK over AICH is transmitted to grant the use of the resource associated to the preamble, a problem may occur in the event that another UE has randomly chosen the same preamble for common E-DCH transmission.  In this case, the same AICH used to acknowledge the dedicated preamble may also be received by the other UE, therefore introducing a chance of collision and further degrading system performance.  
On the other hand starting with DPCCH transmission does not suffer from this disadvantages as there is no risk of other UEs colliding and using the same resource.  Any other UEs that may have chosen a preamble associated to the same Common E-DCH resource may be NACKed or may be directed to another resource via the E-AI.   This may require some small modifications to UE procedures and some uplink interference may be observed since the UE is not performing the preamble ramp-up phase.  However, the impact should not be significant as a similar mechanism is used when the UE transitions to CELL_DCH.   In order to avoid interference to the network, the initial DPCCH power to be used may correspond to a default power provided to the UE.   

Proposal 4: Discuss mechanisms on how the UE performs initial access to the network when a dedicated resource is pre-allocated.

3 Resource configuration 

In order to perform HS-DPCCH transmission in the UL without E-DCH, the UE will need to be provided with a number of configuration parameters, such as the UL DPCCH, F-DPCH resource configuration, an uplink scrambling code, delta ACK/NACK, delta CQI parameters, etc.  Similar to common E-DCH these resources should be common and broadcasted over the SIB.  
Proposal 5: The resources used for HS-DPCCH transmission should be common and broadcasted over the SIB

If it is agreed that the HS-DPCCH resources are common (e.g. broadcasted), another requirement to consider is whether the resources should be part of a separate pool of resources (not including any E-DCH-specific resources) or whether the common E-DCH resources are used for HS-DPCCH transmission.   In the latter the UE would set up the common E-DCH resources but would only perform DPCCH and HS-DPCCH transmissions until UL data becomes available.  Consequently, the latency associated to UL data transmission is also reduced as the resources would already be allocated and ready for use.  Using the common E-DCH resources further allows the system to reduce overhead as it will not have to signal additional information of the System Information.   However, this may limit the E-DCH capacity as the resources available for E-DCH transmissions are limited to 32.  

On the other hand, configuring a separate common set of HS-DPCCH resources can allow the network to segregate the resources at the expense of inefficient resource utilization and further requiring the UE to initiate another RACH procedure in the event that UL data becomes available for transmission.  

Proposal 6: Resources for standalone HS-DPCCH and common E-DCH are taken from the same pool of resources.
4 Battery consumption and release mechanism 
The utilization of the feature should not negatively impact the battery consumption or cancel the benefit of existing or new battery saving features (DRX and possible second DRX cycle).  There has been some concerns that UL feedback can increase battery consumption in the UE, however, it can be argued that the DL reception times may be significantly decrease due to the UL feedback and therefore the final battery consumption may effectively not be impacted.  
However, once the dedicated HS-DPCCH resources have been allocated and established, the overall amount of time that the UE should be allowed to keep and use the resource should be considered.  Transmitting CQI feedback for extended period of time can have an impact on UE battery consumption. In addition, maintaining the resource for a long time may become a problem from the point of view of network capacity, since those resources cannot be used by any other UE in the system.  

When using common E-DCH resource, two release mechanisms are available to the UE:

· Explicit release by sending the value ‘INACTIVE’ over the E-AGCH 

· Implicit release based on UL activity  

It would seem natural to explore the possibility of extending or reusing these similar mechanisms for the standalone HS-DPCCH.  

Proposal 7: The mechanisms used to release common E-DCH resources should be used for HS-DPCCH release.
5 Conclusion

This contribution discusses the potential benefits of further improving HS-DPCCH feedback in CELL_FACH and highlights the potential impacts and requirements of introducing this feature.   The following is proposed:
Proposal 1:  Introduce a network control mechanisms to trigger HS-PDCCH feedback

Proposal 2:  Introduce a contention free mechanism to setup the HS-DPCCH resources in the UE.  

Proposal 3: As a baseline, transmission of stand-alone HS-DPCCH should be based on reception of HS-SCCH order using H-RNTI of the UE.

Proposal 4: Discuss mechanisms on how the UE performs initial access to the network when a dedicated resource is pre-allocated.

Proposal 5: The resources used for HS-DPCCH transmission should be common and broadcasted over the SIB

Proposal 6: Resources for standalone HS-DPCCH and common E-DCH are taken from the same pool of resources.
Proposal 7: The mechanisms used to release common E-DCH resources should be used for HS-DPCCH release.
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