3GPP TSG RAN WG1#47

R1-063412
Riga, Latvia 

6th November – 10th November, 2006
Source: 
Siemens

Title:
Enhancements to CELL_FACH state
Agenda Item:
7.5
Document for:
Discussion/Decision
1. Introduction
At RAN#33, a work item was approved on Enhancements to CELL_FACH state with the following objectives [RP-060619]:

· Increase the available peak rate for UEs in CELL_FACH state, e.g. by utilising HSDPA in CELL_FACH state.

· Reduce the latency of user and control plane in the CELL_FACH, CELL_PCH and URA_PCH state by higher data peak rate

· Reduce state transition delay from CELL_FACH, CELL_PCH and URA_PCH state to CELL_DCH state

· Allow lower UE power consumption in CELL_FACH state by discontinuous reception

In [R1-062884], the use of HS-PDSCH in CELL_FACH state was discussed as a possibility for meeting these requirements. As an alternative, enhancement of the existing S-CCPCH has been discussed briefly over the e-mail reflector.

This document examines the characteristics and pros/cons of each of these two approaches. We propose that RAN1 clarifies either HS-DSCH or Enhanced S-CCPCH as a way forward for the WI, our current preference being for Enhanced S-CCPCH.
2. Use of HS-DSCH in CELL_FACH state

HSDPA as defined in Releases 5 and 6 operates with the UE in CELL_DCH state. In order to reduce the overhead required for maintaining UL and DL DPCH channels, the Fractional DPCH was introduced into Release 6 and CPC into Release 7. From a physical layer perspective, operation in CELL_DCH is essential to allow for the UE to transmit the UL feedback required for HSDPA operation (CQI and ACK/NACK) in an efficient manner, whilst from a higher layer perspective CELL_DCH allows for tight, RNC controlled mobility and RRM.
[R1-062884] proposes enabling the UE to receive HS-SCCH and HS-PDSCH along with a mapping of FACH to HS-PDSCH when the UE is operating in CELL_FACH state. Since UL feedback is not possible, CQI based scheduling is not performed although the Node B retains responsibility for scheduling HS-DSCH (i.e. also for the users in CELL_FACH state). It may be possible for the Node B to obtain limited information on DL average pathloss, shadowing and interference from the SRNC (which receives UE measurements transmitted in the RACH) TMC: I’m assuming that the RACH terminates at SRNC, which in the usual case then forwards measurements to the CRNC – correct ?. Such measurements would have to be relatively infrequent to avoid excessive UL load and would entail a significant delay. Furthermore, ACK/NACK feedback cannot be transmitted efficiently, hence HARQ cannot be enabled or would use automatic retransmissions.

The proposal entails a number of potential advantages:

· Shared use of the code space between Enhanced CELL_FACH and CELL_DCH users. Sharing enables quick instantaneous allocation of more codes to FACH than is currently the case and thus a potential improvement in FACH throughput

· Easy upgrade path for Release 5 based UE designs to Enhanced CELL_FACH

· Potentially reduced latency compared to Rel-x S-CCPCH

· However according to [R1-062884], several automatic retransmissions are required to achieve a reasonably low BLER, so the latency gains compared to a 10 or 20msec TTI may not be as large as first appears.

· [R1-062884] claims improvements in state transition between CELL_FACH and CELL_DCH due to the fact that the UE is already configured with HSDPA. We query the amount of improvement that can be obtained for the following reasons:

· There is still a need to configure the UL and DL DPCHs (or F-DPCH)

· There is still a need to perform UL synchronisation, power control pre-amble etc.

· There is a need to re-configure MAC to map DTCH, rather than FACH to HS-PDSCH

· Compared to the alternative of using an Enhanced S-CCPCH described in the next section, there is not much gain in physical layer receiver reconfiguration time if the E-S-CCPCH uses the same code space as HS-PDSCH.

However, compared to the use of an Enhanced S-CCPCH, which is described in more detail in the next section the proposal also entails a number of potential disadvantages:

· Utilisation of the air interface is inefficient, since no CQI based scheduling or HARQ is possible, and the interleaving depth is very low. Careful checking is required of the amount of DL channel related information the Node B really has access to. The short TTI implies a lack of time diversity, although this may be alleviated through the use of automatic retransmissions.
· The HS-SCCH overhead will be much larger than for CELL_DCH users, since the Node B may have little information on which to base a power control of HS-SCCH. Furthermore the HS-SCCH will carry some redundant information; e.g. HARQ information or independent TBS and code allocation.
· There will still be a need to support legacy UEs in the system, hence a proportion of the code space will still be required to be reserved for S-CCPCH.

· Even with no legacy UEs, since S-CCPCH also carries PCH and PCH is timing related to PICH, there may well be a need to reserve code space for the PCH S-CCPCH.

· HSDPA scheduling is performed by the Node B. In CELL_DCH, the Node B is aware of the UEs measurement occasions. However this is not the case for CELL_FACH, hence there is a risk of the Node B scheduling the user during inter frequency measurements.

· The use of Node B scheduling in CELL_FACH state may also incur issues relating to mobility, since cell update is used rather than handover (of course, discussions related to mobility are more within the RAN2 domain)

3. Enhanced S-CCPCH in CELL_FACH state

An alternative to the use of HS-DSCH in CELL_FACH state is enhancement of the existing S-CCPCH. For example, the following enhancements could be foreseen:

· Enabling sharing of the S-CCPCH and HS-DSCH code space. The S-CCPCH code space would be allocated by the RRM for S-CCPCH but also allocated as additional HS-DSCH space. During operation, the Node B scheduler would check whether the codes are being utilised for S-CCPCH (which is controlled form the RNC); if this is not the case then the Node B would allocate HS-DSCH to the codes. Such a procedure would essentially be similar to the sharing of TX power between S-CCPCH and HS-DSCH that is already possible in the specs. The use of such sharing would allow for increased CELL_FACH throughput as a larger proportion of the code space could be allocated for S-CCPCH.

· Enabling either variable spreading factor or multicode for the Enhanced S-CCPCH

· A fixed SF TFCI could also be defined to enable the UE to determine the utilised SF or number of codes

The use of an E-S-CCPCH would entail the following advantages:

· Greater efficiency in utilisation of the air interface (compared to HS-DSCH) due to greater time diversity and less control overhead
· Efficient utilisation of the OVSF code space

· With careful design of the E-S-CCPCH, backward compatibility for existing UEs and complete code space sharing
· Reduced mobility issues due to the RNC controlled scheduling of CELL_FACH users

Compared to the proposal to use HS-DSCH outlined in the previous section, the following disadvantages would be entailed:

· Possibly increased latency, although we think that the difference between a longer TTI and HS-DSCH with automatic retransmissions (and a high probability of needing to receive several retransmissions) may be insignificant

· Less potential for decreasing transition time (although, as described in the previous section, we would like to clarify the expected gains in state transition time)

· Slightly increased complexity in Node B scheduler implementation, since the scheduler must check whether the S-CCPCH is in use

4. Conclusions

Both utilisation of HS-DSCH and definition of an Enhanced S-CCPCH are viable means of enhancing CELL_FACH. The difference lies in essentially two aspects:

· Longer  TTI for E-S-CCPCH

· Location of scheduling; in the Node B for HS-DPSCH or the RNC for S-CCPCH

We do not currently see a necessity for standardising both the use of HSDPA in CELL_FACH and an Enhanced S-CCPCH and request that RAN1 discuss and clarify a preferred way forward between the two. Considering the relative merits and disadvantages of each, our preference is currently for enhancing the S-CCPCH.
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