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Discussion and decision
Introduction
From a layer 1 perspective there is no reason why HCR TDD should not be able to employ HS-DSCH when in cell_FACH state but at present there is a requirement that the UE should be in cell_DCH state before it is allowed to use HS-DSCH.
The use of DSCH (and PUSCH) in cell_FACH state is today (R99) allowed and IPWireless believes that this is a major differentiator and advantage of TDD. The ability to use HS-DSCH would further enhance this advantage. 

The key argument against allowing the use of HS-DSCH in cell_FACH state is associated with mobility. Since cell reselection would have to be used in cell_FACH state this would cause obvious problems. However it should be noted that slow moving or static users do not need mobility functionality and can easily be kept in cell_FACH state. Fast moving UEs should be put in cell_DCH state (note that the proposal does not mandate cell_FACH state to be used with HS-DSCH it simply allows it as a possibility).
This paper analyses the current situation where cell_DCH is mandated, we show that with typical numbers of HS-DSCH users either the volume of resource taken up with DPCH is excessive or delay associated with signalling results in poor mobility performance and thus the argument associated with mobility is removed.

Analysis description

Assume 9 DL timeslots which could be used for either HS-DSCH or DPCH and 3 UL timeslots which can be used for DPCH. The other timeslots are used for P-CCPCH, S-CCPCH and RACH.

We assume that there are likely to be approximately 75 users reading HS-SCCH. This is in line with the figures produced for analyses conducted for FDD and will provide good performance assuming an overall cell throughput of approximately 2.2Mbps and typical web browsing traffic models. In this analysis we show results for 1 to 100 users for competeness.  

Note that it will take RRC procedure delay (N2) + delay defined in 25.123 = 90 + 40ms = 130ms to send a user from cell_FACH to cell_DCH state using physical channel reconfiguration. This means that moving users in and out of cell_DCH state results in unacceptably poor web browsing performance hence the requirement to maintain all 75 users (approx) in cell_DCH state.

Under these assumptions we then choose 2 possible signalling radio bearers defined in 34.108 and calculate how much of the entire DL resource space is used by the DPCHs. In order to reduce the amount of resource taken by the DPCHs they can be fractionated (i.e the repetition period is increased). This has the penalty however of increasing the delay of associated with signalling and this trade-off is shown in this analysis. 

The SRBs considered are:

1. Stand-alone UL:3.4 DL:3.4 Kbps SRBs for DCCH

2. Stand-alone UL:13.6 DL:13.6 Kbps SRBs for DCCH

Analysis results (DL)

Stand-alone UL:3.4 kbps DL:3.4 kbps SRB for DCCH 

This SRB has a TTI of 40ms therefore the repetition period is set to 1 (DPCH always exists to user), 4, 8 and 16 frames. (Note that a repetition period of 2 frames cannot be used to the repetition period of 40ms.)
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Figure 1 DL analysis for 3.4kbps SRB

Clearly as the repetition period is increased the smaller the amount of resource is required for DPCH, however the price that has to be paid for this is the delay before a DPCH is available to the user. 

From a mobility point of view these delays will mean that the RRC message used to cause handover will be subject to possible severe delays (maximum shown here of 200ms).

Stand-alone UL:13.6 kbps DL:13.6 kbps SRB for DCCH

The TTI for this SRB is 10ms and therefore repetition periods of 1,2,4 and 8 can be used.
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Figure 2 DL analysis for 13.6kbps SRB

Note that in this case the entire resource space will be used up for 72 users if the DPCH is not fractionated at all. Again delay performance has to be sacrificed in order to reduce the percentage of resource space used by 

Analysis results (DL)

Note that since we assume only 3 UL timeslots the repetition period of DPCH will have to be even greater in the UL case and consequently performance poorer.

Stand-alone UL:3.4 kbps DL:3.4 kbps SRB for DCCH 
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Figure 3 UL analysis for 3.4kbps SRB

It’s fairly obvious that given the SRB physical parameters, that the maximum number of users given a requirement of a maximum measurement report delay of 40ms (measurement report sent on DCCH mapped to DCH) is 16*3 = 48 users, this of course uses up all of the UL resource space.

The graph shows that even for a maximum measurement report delay of 120ms over 50% of the resource space must be allocated to DPCH. Delays in the order of 120-200ms will seriously affect handover performance particularly if the time to trigger is set low.

Stand-alone UL:13.6 kbps DL:13.6 kbps SRB for DCCH 
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Figure 4 UL analysis for 13.6kbps SRB

Conclusions

If it is assumed that DPCH are to use 20% or less UL and DL resources then a total delay associated with sending a measurement report from UE to UTRAN and the delay approximately 120ms for the DL and 200ms for the UL will be incurred. This will result in poor handover performance and the mobility benefits associated with cell_DCH state will be largely lost.

It is therefore recommended that HS-DSCH usage is allowed in cell_FACH state.

