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1.
Introduction

In the last meeting, RAN2 discussed which type of a downlink channel should be used for CELL_FACH enhancement. However, RAN2 did not conclude this issue. To follow the plan for this WI, this meeting should conclude it.
2.
Discussion on Downlink Channel
At this moment, the following options were discussed to enhance CELL_FACH state on the radio in downlink:
· Option 1: introduction of HSDPA into CELL_FACH state [1]

· Option 2: enhanced SCCPCH [2]

The option 1 can increase data rates and reduce latency with 2 ms TTI. Also, the option 1 utilizes HS-SCCH and shares HSDPA resources with HSDPA UEs in CELL_DCH. On the other hand, the option 2 can increase data rate as well. However, the option 2 cannot reduce latency due to longer TTI. In addition, compared to the option 1, the option 2 would require a larger amount of UE buffering of L1 data because UE has to buffer L1 data before completely decoding TFCI information for one long TTI i.e. 10 – 80 ms. However, the option 1 would buffer a less amount of L1 data because UE buffers L1 data after decoding OVSF code information on HS-SCCH.
For this reason, we feel that the option 1 is better than the option 2 in terms of latency, UE memory and resource sharing with HSDPA. 
However, the option 1 could not support backward compatibility, in particular when HS-FACH on HSDPA carries PCH and CTCH [3]. To support legacy UEs, anyhow UTRAN needs to provide legacy PCH/FACH and HS-FACH together in a cell. Since legacy PCH/FACH and HS-FACH will have different timing, TTI lengths and frame formats of transmissions, they could not share code resource together.
We could imagine that after HS-FACH starts to be implemented, many enhanced UEs which listen to HS-FACH rather than legacy FACH will appear on the market. At the point of time, we could find a cell where there is only one legacy UE and however many enhanced UEs. The problem is that even in that cell, UTRAN should dedicate OVSF codes to legacy PCH and FACH channels which are not shared with HSDPA. If enhanced UEs do not receive legacy PCH and FACH channels, code resource allocated for legacy channels would be mostly wasteful. 
We think that downlink code shortage needs to be considered and so we should avoid wasting downlink code resource. For that reason, we feel that enhanced UEs should be able to listen to legacy channels as well as enhanced channels. Since an enhanced UE listens to legacy channels, UTRAN can send data to the UE on either a legacy channel or an enhanced channel. Whereby, UTRAN could better utilize downlink code resource of legacy channels.
3.
Reception of FACH and HS-FACH
As mentioned in the previous section, we propose that enhanced UEs should listen to legacy channels as well as enhanced channels and UTRAN should be allowed to choose between FACH and HS-FACH whenever UTRAN transmits any packet to a UE with this enhanced capacity.
In this case, UE capability should allow simultaneously decoding two channels. That seems to be undesirable. To alleviate such UE capability, we could associate HS-SCCH to FACH with a longer TTI as well as HS-FACH with 2 ms TTI. If HS-SCCH indicates data transmission of an enhanced UE on a legacy FACH, the enhanced UE does not need to simultaneously receive both FACH with a longer TTI and HS-FACH with 2 ms TTI. The enhanced UE monitors only HS-SCCH channel and then if there is an indication, UE receive one of both types of channels.
A main benefit of this proposal is to allow share downlink code resource between legacy UEs and enhanced UEs in CELL_FACH as well as to allow share downlink code resource between enhanced UEs in CELL_FACH and HSDPA UEs in CELL_DCH.
3.1
Alternative 1: Legacy FACH and HS-FACH transmissions with HS-SCCH indications
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Figure 1. Legacy FACH and HS-FACH transmissions with HS-SCCH indications
In this alternative, as shown in figure 1, H-RNTI on HS-SCCH is used to indicate legacy FACH or HS-FACH. UE can differentiate indications of legacy FACH and HS-FACH by HS-SCCH information. HS-SCCH information is provided only for an enhanced UE because legacy UEs in CELL_FACH do not monitor HS-SCCH. Thus, if there is no data to be transmitted to an enhanced UE, HS-SCCH does not indicate a frame of legacy FACH.
NB transmits data to the UEs on either legacy FACH or HS-FACH. Thus, the enhanced UEs do not simultaneously receive both legacy FACH and HS-FACH. Since NB choose between legacy FACH or HS-FACH, when data for an enhanced UE is transmitted on legacy FACH, NB schedules them. However, when CTCH or MBMS is transmitted on legacy FACH, the enhanced UE may simultaneously receive both legacy FACH and HS-FACH.
FACH with 10 ms TTI in figure 1 will be also used for transmitting data to legacy UEs like in R99. The legacy UEs receives the FACH channel as specified in the current spec. So, there will be no impact on legacy UEs. In this alternative, radio enhancements such as HARQ and MCS selection are applied only to HS-FACH. 
Enhanced UEs can utilize SCCPCH System Information and TFCI field to decode legacy FACH channels. However, there is space for indication of TFCI information on HS-SCCH. Thus, if HS-SCCH indicates TFCI, the enhanced UE needs not to rely on TFCI on SCCPCH to decode FACH on SCCPCH. That means UTRAN does not need to choose a SCCPCH frame format with TFCI for such UEs.
3.2
Alternative 2: HS-FACH transmissions in 2 ms TTI and a longer TTI with HS-SCCH indications
On the top of the alternative 1 above, UTRAN can increase peak data rates of SCCPCH channels because HS-SCCH can indicate such radio improvement. Compared to [2], UTRAN transmit data only without TFCI on SCCPCH because enhanced UEs knows TFCI on HS-SCCH before decoding SCCPCH. 
As shown in the figure 2, this scheme can be interpreted as introduction of HS-FACH in a longer TTI i.e. 10 ms. As mentioned before, UE can differentiate TTI length of HS-FACH by HS-SCCH information. This scheme can expect time diversity due to the longer TTI.
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Figure 2. HS-FACH transmissions in 2 ms TTI and10 ms TTI with HS-SCCH indications
With this alternative, there is no impact on legacy UE. In figure 2, if a legacy UE receives HS-FACH with 10 ms, it cannot exactly decode data on SCCPCH anyhow. It is because a legacy UE will find an invalid TFCI or CRC failure on the HS-FACH frame with 10 ms. 
For both alternatives, if HS-SCCH indicates SCCPCH with a longer TTI, relative timing between a HS-SCCH sub-frame and a SCCPCH frame carrying FACH/PCH should be discussed. But, this issue is marginal. Since HS-PDSCH starts 5120 chips after the start of HS-SCCH, SCCPCH should start at least 5120 chips after the start of HS-SCCH. We think that if UTRAN configure relative timing with at least 5120 chips, there would be no problem.
4.
Reception of PCH and HS-PCH
It was also proposed to utilize HSDPA for PCH transmissions [4]. (We call PCH carried on HS-PDSCH HS-PCH.) When a UE is idle, UTRAN cannot know if the UE supports reception of HS-PCH or not. Thus, UTRAN should provide legacy PCH to enhanced UEs as well as legacy UEs. On the other hand, when a UE is RRC connected, UTRAN can know if the UE supports reception of HS-PCH or not. So, UTRAN can decide which channel will transmit a paging to the UE i.e. legacy PCH or HS-PCH.
As mentioned before, some day there would be many enhanced UEs which are capable of receiving HS-PCH in a cell. Thus, we can imagine that most of UEs in RRC connected mode receive paging messages on HS-PCH, rather than legacy PCH. Similar to the discussion above, when UTRAN provides HS-PCH, UTRAN should still reserve code resource for legacy PCH channels in a cell. However, code resource for legacy PCH would be less utilized because only small number of legacy UEs would be in the cell. 
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Figure 3. Example of HS-SCCH transmissions indicating PCH and HS-PCH transmissions in CELL_PCH and URA_PCH
For this reason, we also propose that enhanced UEs receive PCH and HS-PCH for reception of paging. That would increase utilization of code resource reserved for legacy PCH.

If we would like to avoid simultaneous reception of PCH and HS-SCCH, we can let HS-SCCH indicate PCH with 10 ms as well as HS-PCH with 2 ms TTI as shown in figure 3. In this case, an enhanced UE monitors HS-SCCH to decide if it should receive PCH or HS-PCH. When HS-SCCH indicates PCH, UE receives PCH for 10 ms TTI and when HS-SCCH indicates HS-PCH, UE receives HS-PCH for 2 ms TTI. This scheme also allow radio enhancement of PCH channel with 10 ms TTI like in figure 2 if necessary.
5.
Conclusion
We propose HS-FACH with 2 ms and a longer TTI i.e. 10 ms which NB MAC schedules in order to share code resource with R5 HSDPA and R99 SCCPCH. 
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