Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #60                                 R2-075137
Jeju, Korea, November 05 – 09, 2007
Agenda item:

07.04
Source:
RITT, ZTE, CATT, TD-TECH, Spreadtrum Communications
Title:
Analysis of Enhancement to CELL_FACH state for 1.28Mcps TDD
Document for:

Discussion and Decision
1. Introduction

At RAN#37, "Scope of future HSPA Evolution for 1.28Mcps TDD" was approved as a new study item (SI) in RP-070748[1] and the aim of the SI is to achieve reduced latency, higher user data rates, improved system capacity and coverage and reduced cost for the operator while maintaining the highest possible level of backward compatibility in HSPA based network. 

The SI also has the intention to re-use the work on the subjects for FDD HSPA evolution to accelerate the HSPA evolution in 1.28Mcps TDD. The enhanced CELL_FACH (E-CELL_FACH) is one of the enhancements done in the course of FDD HSPA evolution. In RAN1#50bis, the CELL_FACH enhancement in 1.28Mcps TDD was analyzed in [2]. At the same RAN1 meeting, the TR skeleton for the SI was agreed in [3]. 

In this contribution we’d like to discuss the CELL_FACH enhancement for 1.28Mcps TDD in the RAN2 perspective and the main idea is the same as in [2]. Then text proposal on CELL_FACH enhancement for [3] is provided.
2. Motivation  

Delay in set up or channel allocation is one important measure of quality of service experienced by the subscriber. As analysed in TR25.815, the setup delays on PS and CS domain can be significantly reduced by using HSPA for SRBs. Thus in common understanding, signalling latency when SRBs are mapped on HSPA can meet the target requirements of Rel-7.

In current CELL_FACH state, the signalling delay on FACH and RACH can be seen as one bottle neck compared to signalling speed on HSPA. This can be identified by some "always on" type IMS services, where the UE is typically kept in CELL/URA_PCH state and normally moved to CELL_DCH when DL/UL user plane is activated[4][5]. The enhancement on signalling bit rates in CELL_FACH state can reduce the signalling delay experienced by the RRC messages when transiting to CELL_DCH.

Moreover, even if the CELL_DCH state is enhanced by work done in Continuous Packet Connectivity (CPC) for 1.28Mcps TDD, it is still faced with the user number limited situation as resource shall be reserved to maintain UL synchronization. In addition, for some low data amount/rate services, keeping UE in CELL_DCH is not preferable when taking the UE power consumption into account. Therefore, the data rate in CELL_FACH state need to be increased to meet the cases where the CELL_DCH is not preferable.
The same enhancement can also be introduced in CELL_PCH and URA_PCH state. As analyzed in [6], the main benefit is better power and code multiplexing support with HSPA traffic and the possibility to turn off the S-CCPCH in a pure Rel-8 system.
3．Consideration on Enhanced CELL_FACH 

The basic concept when enhancing CELL_FACH state is to use HS-DSCH and HS-PDSCH instead of FACH and S-CCPCH. When investigating enhancement in CELL_FACH in 1.28Mcps TDD, we can refer to the work done in FDD CELL_FACH Enhancement. Since the multi-carrier operation has been introduced in 1.28Mcps TDD in Rel-7[7], the study should be performed based on the multi-frequency architecture.
3.1 Utilization of Secondary Frequency

In current multi-frequency 1.28Mcps TDD system, UE in CELL_FACH state stays on primary frequency, as PRACH and S-CCPCH is transmitted only on primary frequency. Compared with multi-carrier HS-DSCH reception in CELL_DCH, restricting HS-DSCH transmission on primary frequency in E-CELL_FACH is limited in terms of capacity. 

UE with the minimum capability can receive 2 carriers transmission in a time division way by frequency hopping, one is primary frequency and the other is secondary frequency. This means it is feasible to establish HS-DSCH on secondary frequencies for UE in E-CELL_FACH. It should be mentioned that CELL_FACH state addresses the transmission of small packets of data and therefore the multi-carrier HS-DSCH reception in one TTI is not necessary in E-CELL_FACH.

When considering the HS-DSCH transmission in CELL_PCH and URA_PCH state, UE could be restricted to receive HS-DSCH transmission on primary frequency, as the traffic in the two states is very small and PICH is established on primary frequency. 

BCCH bearing RRC System Information Change Indication can also be mapped on HS-DSCH. The transmission of BCCH on HS-DSCH can be performed by using BCCH specific H-RNTI. Taking UE receiver capability into account, the BCCH shall be transmitted simultaneously on the carriers with HS-FACH resource.   

Conclusion 1: HS-DSCH in E-CELL_FACH (HS-FACH) can be established on secondary frequencies and the UE in E-CELL_FACH is not restricted to stay on primary frequency. 

Current RACH/PRACH transmission is restricted on primary frequency. If this remains in E-CELL_FACH state, the uplink resource is limited compared with the downlink transmission, also the UE has to hop frequently. A natural complement of enhanced CELL_FACH is to establish the uplink random access resource on the secondary frequencies. The UpPCH and FPACH could be restricted on primary frequency or could also be establish on secondary frequencies. 

Thus, the uplink access in E-CELL_FACH can be initiated on a frequency other than primary frequency. UE can select a frequency with best quality or by a predefined rule and Node B can schedule HS-FACH resource on the frequency for the UE.
Conclusion 2: The uplink random access resource can be set up on secondary frequencies. 

UE in idle state still stays on primary frequency and the behaviour remains as specified today. When entering CELL_FACH, UE shall detect two H-RNTI on the carrier it stays, one is BCCH specific H-RNTI and the other is common H-RNTI or dedicated H-RNTI. Node B shall not schedule DL data transmission for UE when the UE is performing FACH measurement.

3.2 Link adaptation

The simulation results in [8] shows that the average RLC throughput and latency will improve a lot if the fast HARQ feedback is used. In CELL_FACH state, there is no dedicated connection between UE and Node B in the radio interface, therefore the feedback channel HS-DPCCH hasn’t been introduced in FDD E-CELL_FACH state. The Node B could make a semi-static MCS-selection based on RACH measurement report. 

In current 1.28Mcps TDD, the HARQ feedback channel HS-SICH is a shared channel and is always associated with a HS-SCCH channel. Node B can identify a HARQ feedback based on both the association between HS-SCCH and HS-SICH and the accurate timing relationship between HS-DSCH related channels. Therefore, for 1.28Mcps TDD, the feedback channel HS-SICH can be introduced in CELL_FACH state. UE allocated with a dedicated H-RNTI can transmit ACK/NACK and fast CQI on HS-SICH.

In initial access (including RRC connection setup and cell update after a cell reselection), UE uses a common H-RNTI and don’t need to send feedback information on HS-SICH. Node B could make a semi-static MCS-selection based on RACH measurement report and this way separate cell edge users and good users and be able to do UE specific link adaptation. Current RACH measurement results include P-CCPCH RSCP on primary frequency, from which the path loss on primary frequency can be got. The path loss on secondary frequencies is approximate to that on primary frequency, which can be used to evaluate the channel quality on secondary frequencies in Node B. Retransmission mechanism can compensate the deficiency in channel quality evaluation on secondary frequencies.

In current HS-DSCH transmission, HS-SCCH and HS-SICH pair controlling a HS-DSCH transmission is allocated on the same carrier, and the close-loop power control and UL synchronization control can be performed on the pair. Such power control and synchronization control can be introduced in E-CELL_FACH. During a period of service pause, the UL is out of synchronization due to the lack of associated dedicated channel. When the service recommences, UL synchronization shall be resumed quickly so that UE could send feedback on HS-SICH. One simple way is that Node B could inform the UE to establish the UL synchronization before it resumes the DL transmission.

When considering the HS-DSCH transmission in CELL_PCH and URA_PCH state, the fast HARQ feedback isn’t suggest to be used.
Conclusion 3: The fast feedback channel HS-SICH can be introduced in E-CELL_FACH state.

4．Conclusion 

In this document, the motivation and implementation consideration of CELL_FACH enhancement in 1.28Mcps TDD are analyzed. And the text proposal to TR25.xxx[3] is also provided.
We suggest RAN2 discuss and approve the following text proposal and then start a corresponding work item at RAN#38 in November 2007.
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9.3 Enhanced CELL_FACH State
Delay in set up or channel allocation is one important measure of quality of service experienced by the subscriber. As analysed in TR25.815, the setup delays on PS and CS domain can be significantly reduced by using HSPA for SRBs. Thus in common understanding, signalling latency when SRBs are mapped on HSPA can meet the target requirements of Rel-7.

In current CELL_FACH state in 1.28Mcps TDD, the signalling delay on FACH and RACH can be seen as one bottle neck compared to signalling speed on HSPA. This can be identified by some "always on" type IMS services, where the UE is typically kept in CELL/URA_PCH state and normally moved to CELL_DCH when DL/UL user plane is activated. The enhancement on signalling bit rates in CELL_FACH state can reduce the signalling delay experienced by the RRC messages when transiting to CELL_DCH.

Moreover, even if the CELL_DCH state is enhanced by work done in Continuous Packet Connectivity (CPC) in 1.28Mcps TDD, it is still faced with the user number limited situation as resource shall be reserved to maintain UL synchronization. In addition, for some low data amount/rate services, keeping UE in CELL_DCH is not preferable when taking the UE power consumption into account. The data rate in CELL_FACH state need to be increased to meet the cases where the CELL_DCH is not preferable. 

Thus the enhancement to CELL_FACH shall aim to increase the CELL_FACH data rate and reduce state transition time to CELL_DCH state. In light of the analysis in TR25.815 and the work done in FDD CELL_FACH enhancement, the use of HS-DSCH and HS-PDSCH instead of FACH and S-CCPCH in CELL_FACH state can be investigated to obtain smaller signalling delays and higher bit rate in CELL_FACH state. 

The same enhancement can also be introduced in CELL_PCH and URA_PCH state according to the work done in FDD CELL_FACH enhancement. The main benefit is better power and code multiplexing support with HSPA traffic and the possibility to turn off the S-CCPCH in a pure Rel-8 system.
When investigating the enhancement in CELL_FACH state in 1.28Mcps TDD, the following items shall be taken into account:

(a) The basic concept is to use HSDPA in CELL_FACH state. The same HSDPA procedure in REL-5 may be considered, including e.g. the fast feedback mechanism when dedicated H-RNTI is allocated.

(b) As the multi-carrier operation has been introduced in 1.28Mcps TDD in Rel-7, the study shall be based on the multi-frequency architecture, e.g. the work shall be on how HS-DSCH in E-CELL_FACH can be established on secondary frequencies to improve the capacity and peak rate.

(c) The work shall also take the uplink transmission improvement into account, e.g. the uplink random access resource can be considered to set up on secondary frequencies.
