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1 Introduction

RAN#51 approved the work item “Further Enhancements to CELL_FACH” (RP-110436). This work item focuses on four main areas for the downlink and uplink: resource utilization, throughput, latency and coverage. In addition, UE battery life improvements and signalling reduction are within the scope of this work item. 
This document gives a qualitative assessment of the need, benefits, and impact of the different elements listed in RP-110436. This contribution also highlights which working group(s) the different solutions may impact.
2 Discussion

RP-110436 lists the possible enhancements which need to be evaluated to further improve CELL_FACH. The enhancements areas are shown below as well as a brief description of the reasons why the different improvements are needed.
2.1 Downlink related improvements
2.1.1 Stand-alone HS-DPCCH without ongoing E-DCH transmission

Traffic characteristics are changing and we can already see that DL and UL transmissions do not always happen at the same time. This implies that many times there are only DL transmissions during a given packet burst period. In this case, when the UE does not have a common E-DCH resource, the Node-B does not receive any CQI or HARQ ACK from the UE.

The HS-DPCCH carries CQI and HARQ ACK information, information valuable for the HSDPA scheduling decisions made by Node-B. Currently, HS-DPCCH transmission in CELL_FACH can only take place if the UE has been allocated to a common E-DCH resource triggered by E-DCH data in the UE buffer. 

Downlink performance would benefit if HARQ ACK and/or CQIs could be received even if there are no uplink transmissions. The HS-DPCCH could instead be triggered by a suitable downlink (HS-SCCH or HS-DSCH) transmission. Then the uplink needs to achieve synchronization, possibly with an inner loop power control loop, before the HS-DPCCH transmission starts. Finally the HS-DPCCH transmission can be terminated based on some suitable criterion related to downlink transmissions (e.g. the expiration of a timer or the reception of an HS-SCCH order). However, it is not obvious what the most efficient design choices here are.
RAN1 needs to investigate and assess the most efficient way to introduce a stand-alone HS-DPCCH. Special consideration has to be taken with regards the gains versus the impact in RAN1/RAN2, and the complexity in the standard. Once RAN1 has agreed on a concrete solution, RAN2 will need to introduce the signaling and assess other possible impacts in MAC and/or RRC specifications. 

2.1.2 DC-HSDPA operation
Ideally speaking, DC-HSDPA operation in CELL_FACH may provide similar benefits as DC-HSDPA operation in CELL_DCH. However, it is not obvious that the exact same mechanisms will suit both CELL_FACH and CELL_DCH, since the traffic characteristics and other circumstances will be different.

RAN1 needs to investigate and assess the most efficient way to introduce DC-HSDPA operation. For example, it needs to be determined whether simultaneous HS-DPCCH transmission is required and whether HS-SCCH orders for carrier (de)activation should be supported.
2.2 Uplink related improvements
2.2.1 Support concurrent deployment of 2ms and 10ms TTI in a cell

E-DCH resource configurations are broadcasted in SIB5. Some of the broadcasted parameters are common for all common E-DCH resources within the cell. TTI is one of these common parameters for all common E-DCH resources. Hence, all resources share the same TTI which can be either 10 ms or 2 ms. 

It is obvious that the network will need to configure common E-DCH resources with 10 ms TTI for coverage purposes. However, UEs in good radio conditions, hot spots and other type of cells may be configured with different TTIs. 2 ms TTI will improve the UL throughput as well as the network capacity since each resource will be occupied less time. 

RAN2 needs to assess how to configure each resource with a specific TTI. The simplest solution is to indicate the TTI for each resource; however, other alternatives may be possible too. Furthermore, it needs to be specified which node (UE or NodeB) that selects the TTI to be used by a particular UE and how this selection is indicated to the other node. If it is the UE that performs the TTI selection, the criteria for this selection should be specified in detail.
The support of different TTIs per common E-DCH resource seems to have limited impact in RAN2 specifications. Depending on the agreed solution, there may be some RAN1 impact. 

2.2.2 Per-HARQ-process grants for 2ms TTI

If 2 ms TTI is introduced as a normal TTI for CELL_FACH, we need to look at the limitations which were introduced during Rel-8.

In CELL_DCH, the absolute grant scope can apply to “all HARQ processes” or “per HARQ process”. The absolute grant scope allows indicating whether the HARQ process activation/de-activation affects one or all processes. In CELL_FACH, the absolute grant scope does not apply and the activation/de-activation affects to all processes.

The introduction of per HARQ process activation/deactivation for 2 ms TTI will help the network to do better resource utilization and to have a better control over the common E-DCH resources.

RAN2 impact is expected to be limited and no RAN1 impact is foreseen. 

2.2.3 TTI alignment between CELL_FACH UEs and CELL_DCH UEs
Time alignment of E-DCH TTIs between CELL_FACH UEs and CELL_DCH UEs is expected to provide more efficient scheduling as well as the possibility for a more seamless state transition from CELL_FACH to CELL_DCH.

The current DL/UL timing relationships are specified in RAN1 specification. RAN1 needs to investigate and assess the most efficient way to introduce this time alignment. For example, RAN1 should consider the accuracy of the timing and whether the required control signaling is best performed using L1 signaling or higher layer signaling.
2.2.4 Fallback to R99 PRACH

The utilization of common E-DCH resources may be inefficient for certain types of traffic, especially for very small packets like TCP ACKs. The main reason of this inefficiency is due to the fact that the common E-DCH resource is not released until all the HARQ processes have been acknowledged. From the network point of view, the network will wait at least one HARQ RTT from the last acknowledged HARQ process until it can re-use the resource for other UEs. In practice, this means that the common E-DCH resource is occupied longer than a R99 PRACH resource could be if only one packet is transmitted. In high load scenarios, the AICH NACK rate will increase due to the lack of common E-DCH resources. 

Fallback to R99 PRACH seems to have limited impact in RAN2 specifications and depending on the agreed solution, there could be some RAN1 impact. This depends partly on whether the selection between R99 PRACH and common E-DCH is performed by the UE (based on some suitable criterion) or by NodeB (using e.g. AICH signaling).
2.2.5 Reduction in timing of the initial access in the physical random access procedure
One potential way to reduce latency is to remove the initial access delay in the physical random access procedure (specified in TS 25.214 section 6.1). The UE chooses the initial access slot in the next access slot, leading to an extra 10-ms delay before the transmission of the first preamble in a transmission attempt. To our understanding this extra delay is not needed in CELL_FACH.

The reduction in timing of the initial access has impact in RAN1. The impact on RAN2 specifications will be very limited.
2.2.6 Signalling based interference control 
Relatively minor changes to the preamble ramping procedure can be considered in order to help retain the uplink coverage for the preamble part in scenarios where e.g. E-DCH is operated with a high noise rise. One approach is to increase the time provided between the preamble detection and the required response on AICH in order to enable usage of more advanced (IC) preamble receivers. Another approach is to make the preamble signature selection more deterministic (instead of picking a random signature for each new preamble) in order to allow for combining of the individual preambles in a preamble ramping sequence.
RAN1 would need to investigate and assess the most efficient way to implement this type of improvement. The impact on RAN2 specifications will be very limited.
2.3 UE battery life improvements and signalling reduction (e.g. second UE DRX cycle in CELL_FACH)
Since CELL_FACH will be a more “permanent” state for the UE, we believe that improvements to reduce UE battery consumption are needed, especially when UE could potentially keep a common E-DCH resource for a relatively long period compared to the time needed for the actual data transmission. Currently the maximum UE DRX cycle in CELL_FACH is 40 ms. In order to achieve a level of UE battery consumption that does not exceed the level that can be achieved in other RRC states, the introduction of a second UE DRX cycle should be considered.
Proposal 1 Send a LS to RAN1 to kindly request RAN1 to start the technical evaluations and specification work for “further enhancements for CELL_FACH” (RP-110436) which may impact RAN1.
3 Conclusion

All the improvements for CELL_FACH affect mostly RAN2; however, several of these improvements areas may also affect RAN1.

RAN2 should inform RAN1 about the need for RAN1 to start investigating solutions for the different improvements which have RAN1 impact. 

Based on the discussion in section 2 we propose the following:

Proposal 1
Send a LS to RAN1 to kindly request RAN1 to start the technical evaluations and specification work for “further enhancements for CELL_FACH” (RP-110436) which may impact RAN1.
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1. Overall Description:


RAN#51 agreed on the work item description “Further enhancements for CELL_FACH” (RP-110436). The objectives of the WID are to identify whether the gains justify the complexity for each of the sub-features listed in the WID over existing mechanisms, and specify those for which this is shown to be the case. 


RAN2 acknowledges that some of the sub-features listed in the WID may impact RAN1. Therefore, RAN2 expects that RAN1 also studies the sub-features listed in the RAN2 WID.

2. Actions:


To RAN1 group.


ACTION: 
RAN2 asks RAN1 group to start the technical evaluations and specification work of the sub-features listed in the WID “further enhancements for CELL_FACH” (RP-110436) which may impact RAN1.

3. Date of Next TSG-RAN WG2 Meetings:


TSG-RAN WG2 Meeting #74 
9th – 13th May 2011

Barcelona, Spain.


TSG-RAN WG2 Meeting #75
22nd – 26th August 2011
Athens, Greece.
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