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Introduction
In RAN1/2 Ad-hoc meeting on HSDPA (5-6 April 2001) and RAN2#20 meeting, signalling concepts for HS-DSCH for FDD and TDD modes were introduced [1]. 

HSDPA requirements, particularly in terms of harmonisation between FDD and TDD concepts, have been identified in [2].

Based on these requirements, this document aims to investigate alignment possibilities in more detail. 

Signalling methods for HS-DSCH for FDD and TDD modes are briefly described. By means of downlink and uplink physical layer model evaluations, alignment possibilities for HSDPA for FDD and TDD modes are considered. Moreover, TDD uplink characteristics are outlined.

Alignment possibilities between FDD and TDD
DL Physical Channel Model

Mainly two signalling concepts for HS-DSCH have already been proposed [1]: 

· Signalling for HS-DSCH without associated dedicated physical channel: 

This model uses associated signalling on HS-FACH as a control channel common to all HSDPA UEs in order to convey information relevant for HS-DSCH.

· Signalling for HS-DSCH with associated dedicated physical channel: 

The associated dedicated physical can be used to transmit HI (HS-DSCH indicator) information in a two level approach requiring an additional shared control channel. Alternatively, a one level approach can be considered, with signalling only on the associated DPCH. 

It needs to be investigated how an alignment between FDD and TDD can be achieved for these signalling concepts, while at the same time considering the set of HSDPA requirements for each mode.

If a one level signalling approach based on associated dedicated physical channels was to be adopted, HSDPA related signalling information would need to be multiplexed on the DPCH, since unlike FDD there is no separate control channel on the DL DPCH in TDD that could carry this information. Figure 1 proposes a TDD downlink physical layer model of the HS-DSCH, which uses the existing multiplexing scheme from release 99/4 and newly defined physical control fields that carry this signalling information.
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Figure 1: 
Model of the UE's physical layer(TDD) - Downlink of HS-DSCH 
with associated DPCH (one level approach)

Downlink signalling information for support of HS-DSCH, e.g. MCS information and resource allocations, is carried on physical control fields originating in Node B. 

Alternatively to the physical control field signalling, signalling information for support of HS-DSCH could be multiplexed on transport channel level. This is ffs.

A dedicated physical channel in downlink is assigned to each UE that is an active HSDPA user within the cell. This can be a continuous assignment, but it is more likely that a multiframe structure will be used that allows to define fractional dedicated channels (e.g. only every fourth frame or sub-frame is used by the DPCH of a UE, the other frames or sub-frames are assigned to DPCHs of other UEs).

UEs must listen to their downlink dedicated physical channel in order to receive the necessary signalling information for support of HS-DSCH. This signalling consists of e.g. resource allocations for HS-DSCH, and MCS scheme.

If resource allocations for HS-DSCH are received, then UE will receive and decode HS-DSCH. 

From both harmonisation and performance point of view, a two level approach might as well be considered. This would require an additional shared control channel on specific reserved physical resources, originating in the Node B. UEs would receive the HI (HS-DSCH indicator) on their associated DPCH and would only read the shared control channel if indicated to do so by HI information. With regard to UE complexity, it would be advantageous for a UE to receive the shared control channel in the same timeslot as the associated DPCH.

A most general model, comprising both the one and the two step approach is shown in figure 2. It is ffs, which part of the DL signalling info would be transmitted on DPCH and on the separate shared control channel, including the possibility to remove one of them.
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Figure 2: 
General model of the UE's physical layer(TDD) - Downlink of HS-DSCH 
with associated DPCH

To conclude, it can be said that a downlink physical channel model based on associated dedicated physical channels is feasible in TDD and FDD mode, either as a one or two level approach. Due to the DPCCH/DPDCH structure in FDD, differences in the downlink physical layer models will however remain independent of the selected approach.

It is up to further complexity, performance and harmonisation analysis which concept suits best the requirements of both modes and of HSDPA as such.

UL Physical Channel Model 

The already proposed models for the TDD and FDD HS-DSCH signalling in UL are based on HICH (HSDPA info channel) to carry ACK/NACK information from the H-ARQ entity in the UE MAC-hs and possibly measurements for AMC selection [1]. 

In case of associated dedicated physical channel usage in downlink, uplink dedicated physical channels should be used for conveying measurement information in TDD. Whether ACK/NACKs are also signalled on uplink dedicated physical channels, on shared uplink channels or by means of SYNC1 sequences in 1.28 Mcps TDD mode requires further study.

Due to the different physical layer structure in terms of dedicated physical channels, details of the uplink physical layer model between TDD and FDD will remain different. The UL model for TDD is shown in figure 3.
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Figure 3: TDD model of the UE's Uplink physical layer - HS-DSCH with associated DPCH
UL Channel requirements in TDD mode 

In TDD HSDPA, usage of Uplink Shared Channel (USCH) as already defined in release 99 can be considered for uplink packet data and uplink RRC signalling. USCH scheduling would be performed in Node B. It is FFS, if TDD downlink signalling with associated dedicated channels for HSDPA needs to be able to indicate USCH resource allocations to UEs. This would result in a difference in the signalling requirements between FDD and TDD. Please note that except for the scheduling in Node B, USCH characteristics would stay the same compared to release 99. 

Further analysis needs to be carried out to determine signalling requirements resulting from uplink synchronisation and power setting in 1.28 Mcps TDD. 

The impact of these differences in the signalling requirements of FDD and TDD needs to be investigated in more detail. It can be expected that mainly MAC-hs functionality in Node B and UE is affected.

Conclusion
In this document solutions for DL and UL physical layer models for HS-DSCH have been presented, considering FDD and TDD alignment requirements as outlined in [2]. In case a physical layer model based on associated dedicated physical channels is adopted for HSDPA, either as a one or two level approach, this can in principle be designed as a common solution for TDD and FDD. Further analysis needs to be carried out in order to determine if such a common solution guarantees expected HSDPA performance in each mode. 

Due to the different physical layer structures of FDD and TDD, particularly in terms of dedicated physical channel structure and TDD uplink physical channel characteristics, details of FDD and TDD concepts will differ independent of the selected approach. It has been identified in this document to which extend a harmonisation is possible.

It is recommended to include figure 2 and 3 with the general TDD  physical layer model introduced in sections6.3.1 and 6.3.2 in [1] as a basis for further evaluation.
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6.3.1
 DL HSDPA Physical layer model
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Figure 2: Model of the UE's Downlink physical layer - HS-DSCH with associated DPCH. HS-DSCH is here transmitted from cell 1.

A HS-DSCH transport channel is processed and decoded from one CCTrCH. The CCTrCH can be mapped to one or several physical channels.

There is only one HS-DSCH per HS-DSCH TTI. However, whether there is only one HS-DSCH per CCTrCH or not is FFS.

The TFCI information for a UE's HSDPA channel is carried on a separate shared physical channel.

The model for the associated dedicated physical channel is almost identical to that of a stand-alone DCH. The difference is that a HI (HS-DSCH Indicator) is additionally  carried on the DPCH. The DPCH therefore has a slot format different from that in R99 and Rel-4.

The HI carries information telling the UE to read a shared control channel with a TFCI, and also to read the HS-DSCH.

Note: Several UEs can simultaneously get addressed using independent HIs to read TFCIHSDSCH.

The HI, TPC and TFCI are carried on the same physical channel transmitted from the cell transmitting the HS-DSCH.

Note: It is FFS if the above described two level approach with signaling first on the HI and then the TFCI, or a one level approach with signaling only on the HI or the shared control channel should be used.

Note: In the case of TDD, new physical channels have been proposed to facilitate the downlink signalling - this is FFS.

6.3.1.1
TDD DL HSDPA Physical layer model
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Figure 3: 
Model of the UE's physical layer(TDD) - Downlink of HS-DSCH with associated signalling on HS-FACH 

Figure 3 shows the physical layer model if downlink signalling information for support of HS-DSCH is modeled by a HS-FACH transport channel that is carried on an own physical channel (either a S-CCPCH or a newly defined physical channel), different from the S-CCPCH carrying FACH and PCH. HS-FACH is different from release 99 FACH due to the fact that its starting point is in Node B and not in CRNC. HS-FACH is not carrying any logical channels. HS-FACH is not multiplexed with other transport channels. 

It is FFS whether a separate S-CCPCH is used to carry HS-FACH or whether it is required to introduce HS-PDCCH (High Speed Physical Downlink Control Channel) as new physical channel.

Whether TFCI is needed on the physical channel carrying HS-FACH or not is FFS.
Whether the TFCI information for a UEs HS-DSCH is carried within the HS-DSCH itself or in some other way is FFS. 

6.3.2
 UL HSDPA Physical layer model
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Figure 4: Model of the UE's Uplink physical layer - HS-DSCH with associated DPCH

The HS-DSCH information that is needed in the uplink is higher layer information from the H-ARQ entity in the MAC HS-DSCH and possible measurements for AMC selection. This information is carried on the HICH (HSDPA info channel).

6.3.2.1
TDD UL HSDPA Physical layer model
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Figure 5: Model of the UE's physical layer (TDD) - Uplink of HS-DSCH

The HS-DSCH information that is needed in the uplink is higher layer information from the H-ARQ in MAC-hs and possible measurements for AMC selection. This information is carried on the HICH (HSDPA info channel).

It is FFS whether a new physical channel HS-PUCCH (High Speed Physical Uplink Control Channel) needs to be introduced to carry HICH.
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Note:



It is FFS if the HICH information is carried on the physical channel carrying the DCHs or on a new uplink physical channel.
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It is FFS if the HICH information is carried on the same physical channel as TPC and TFCI or the physical channel carrying the DCHs.
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