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1 Introduction

This paper summarises the different approaches for HS-DSCH-related downlink signalling that has been under discussion in RAN1 and during the RAN1/RAN2 joint meetings. The intention is not to promote any specific approach but to clarify what alternatives exist and their respective characteristics. 

The following HS-DSCH-related downlink signalling, needed on an HS-DSCH TTI basis or similar, has currently been identified:

· Explicit UE identification. This is definitely needed if there is no implicit UE identification in form of an HS-DSCH indicator on the associated DPCH, i.e. in case of the one-step approached discussed in Section 2.1. As discussed during the joint RAN1/RAN2 meeting in Busan, an explicit UE identification may be needed also when there is an HS-DSCH indicator on the associated DPCH in order to ensure sufficient reliability in the MAC-hs UE identification, i.e. to avoid the need for higher-layer UE identification. 

· Code-allocation information, indicating to what physical channels (HS-PDSCH) the HS-DSCH is mapped in a TTI.

· Information about the modulation and coding scheme (MCS) used for HS-DSCH transmission in a TTI

· Hybrid-ARQ-related information (sequence number, block number, and/or HARQ-channel number)

· Perhaps some HS-DSCH power offset

The assumption is that a shared control channel is used to carry at least the main part of the HS-DSCH-related signalling. There seems to be a consensus that transmission of all HS-DSCH-related signalling on the associated DPCH would waste too much code space. As the number of shared control channels will typically be rather few, a relatively lower spreading factor, such as SF=128 or even lower, can be used for these channels without an excessive use of code space. 
2
Alternatives for HS-DSCH-related downlink signaling

Two main approaches for HS-DSCH-related downlink signalling have been discussed:

· Two-step approaches with at least some HS-DSCH-related signalling on the associated DPCH.

· One-step approaches with no HS-DSCH-related signalling on the associated DPCH.

Note that all alternatives illustrated below assume the use of an associated downlink DPCH. The DPCH is needed to carry e.g. power control commands for the power control of the uplink DPCH. However, for the one-step approaches, the associated downlink DPCH could at least in theory be a new “shared power-control channel” as proposed in [1]. This is what is referred to as DPCH/N in [2].

2.1 One-step approaches

In case of a one-step approach, there are two alternatives:

· Non-staggered shared-control-channel/HS-DSCH transmission 

· Staggered shared-control-channel/HS-DSCH transmission 

2.1.1
Non-staggered one-step approach

The structure for non-staggered one-step signalling is illustrated in Figure 1. 

· There are one or several shared control channels that carry all HS-DSCH-related downlink signalling.

· In a given TTI, each shared control channel carries signalling information related to the HS-DSCH of a single UE.

· HS-DSCH-related signalling is transmitted simultaneously with the corresponding data on HS-DSCH.
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Figure 1 Non-staggered one-step approach

With the non-staggered one-step approach of Figure 1, the UE must 

· Continuously de-spread and decode all shared control channels and check the UE identity to find which shared control channel, if any, carries HS-DSCH-related signalling for this UE. Note that the number of shared control channels will probably be rather few. As an example, the maximum number of shared control channels could be limited to four, in which case HS-DSCH data can be transmitted to at most four UEs in parallel using code multiplexing (CDM). In general, the amount of code multiplexing that needs to be supported depends on what length or set of lengths is selected for the HS-DSCH TTI.

· Continuously de-spread all HS-DSCH physical channels (maximum of 15 codes for SFHSDPA=16) to be able to subsequently decode the HS-DSCH data from the physical channels indicated by the code-allocation information on the shared control channel. Alternatively, the received signal can be buffered on sub-chip level. The relevant HS-DSCH physical channels can then be de-spread after the code-allocation has been acquired from the shared control channel. 

Note that, as illustrated in Figure 1, all information on the shared control channel does not necessarily have to be spread over the entire HS-DSCH TTI. Especially, in case of TTI > Tslot, the code-allocation information could e.g. be transmitted in the first part of the shared control channel while less time-critical information such as MCS and HARQ information could be transmitted in the later part. If this is the case, full de-spreading of all HS-DSCH physical channels or, alternatively, sub-chip-level buffering does not need to be done for the entire HS-DSCH TTI. However, the separation of different parts of the HS-DSCH-related signalling into different separately coded fields also have some drawbacks such as reduced coding gain. It also removes the possibility to trade off signalling for e.g. code allocation and MCS.

Figure 1 assumes that, for each TTI, each shared control channel carries HS-DSCH-related signalling related to a single UE. In case of simultaneous transmission of HS-DSCH data in parallel to multiple UEs using different HS-DSCH physical channel (“code multiplex on HS-DSCH”), multiple shared control channels must be used (“CDM for the HS-DSCH-related signalling on shared control channel”). As an alternative, HS-DSCH-related signalling to several UEs could be transmitted on a single shared control channel (“TDM for the HS-DSCH-related signalling on shared control channel”), see Figure 2.  The benefit with this is that the UE only needs to de-spread a single shared control channel. 
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Figure 2 Non-staggered one-step approach with TDM on shared control channel

2.1.2
Staggered one-stage approach

In a modified scheme, illustrated in Figure 3, the shared control channel information is transmitted at least partly prior to the corresponding HS-DSCH data (staggered transmission of shared control channel and HS-DSCH). In this way, the UE will know in advance what HS-DSCH physical channels to de-spread i.e. de-spreading of all HS-DSCH physical channels or buffering on chip level is not needed. This may reduce hardware requirements in terms of de-spreaders or buffering. The drawback is additional delay or, alternatively, less time available for UE processing. Note that the UE still has to continuously de-spread all shared signalling channels. The approach of Figure 3 can of course also be based on a single TDM-based shared control channel, similar to Figure 2.
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Figure 3 Staggered one-step approach

2.2
Two-step approaches

With a two-step approach, the associated DPCH carries at least some downlink HS-DSCH-related signalling transmitted prior to the corresponding signalling on the shared control channel. 

2.2.1
Non-staggered two-step approach

In the simplest case, the HS-DSCH-related signalling on associated DPCH consists of a one-bit HS-DSCH Indicator (HI), see Figure 4. The HI is transmitted prior to the HS-DSCH-related signalling on the shared control channel and indicates to the UE that there is HS-DSCH data transmitted and thus HS-DSCH-related signalling to read on one of the shared control channels.

[image: image4.wmf]HS-DSCH data

HS-DSCH data

HS-DSCH data

UE ID + code info.

MCS, HARQ info

UE ID + code info.

MCS, HARQ info

UE ID + code info.

MCS, HARQ info.

HS-PDSCH #N

HS-PDSCH #2

HS-PDSCH #1

HS-PDSCCH #M

HS-PDSCCH #2

HS-PDSCCH #1

Associated DPCH

HI

HS-PDSCCH: Shared control channels

HS-PDSCH: High-Speed Physical Shared Channels

HS-DSCH TTI, 

T

slot

 

or 3

´

T

slot

T

slot

Figure 4 Non-staggered two-step approach (HI on associated DPCH)

This approach in itself will not reduce hardware requirements in terms of de-spreaders or buffers as, when the HD-DSCH Indicator is set, the UE should behave exactly as for Figure 1. However it could lead to potentially lower power consumption as the de-spreading/buffering is only done when there really is HS-DSCH data transmitted to the UE.

The drawback with the scheme of Figure 4 is somewhat increased delay and potentially more code usage, assuming that with a one-step approach, a modified DPCH structure could be used as proposed in [1]. However, as the HI could be rather short (a small fraction of a slot), the delay would probably be less than for the staggered one-step approach. 

Note that, if the HI indicator is continuously set, the UE procedure would be the identical for Figure 1 and Figure 4. Thus, to some extent, the schemes of Figure 1 and Figure 4 can be seen as two modes of the same scheme.

2.2.2 Staggered two-step approach

The two-stage approach could also use staggered shared-control-channel/HS-DSCH transmission, see Figure 5. Similar to Figure 3, this approach would lower hardware requirements compared to Figure 4 at the expense of even more delay.
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Figure 5 Staggered two-step approach (HI on associated DPCH)

2.2.3
Two-stage approach for more information on associated DPCH

Finally, the HS-DSCH indicator could be extended with some code-allocation information to avoid that the UE would need to de-spread all shared control channels and all HS-DSCH physical channels. As an example, [3] is proposing the following:

· The shared-control-channels signalling and HS-DSCH is transmitted in parallel

· The associated DPCH includes information about the first HS-DSCH physical channel to which HS-DSCH is mapped. As HS-DSCH is mapped to consecutive codes, the UE would simply de-spread the maximum number of HS-DSCH physical channels it is capable of de-spreading, starting with this code. 

· In addition there is a one-to-one mapping between the first code to which the HS-DSCH is mapped and the shared control channel that carries the rest of the HS-DSCH-related signalling. Thus, from the information above, the UE also knows what shared control channel to read.

This scheme, which is illustrated in Figure 6, avoids the need for de-spreading of all channels without leading to additional delay (compare the scheme of Figure 5). However, at least from the description in [3], it seems rather un-flexible in terms of the code allocation. It also uses more resources on the associated DPCH. It may thus not be possible to user SF=512 for the associated DPCH and still limit the duration of the information to one slot.
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Figure 6 Proposal of [3]

3
Discussion

The scheme for HS-DSCH-related downlink signalling should be selected based on the following criteria

· Impact on delay (speaks in favour of a non-staggered solution)

· Impact on code usage (speaks in favour of no HI indicator on an associated DPCH or at least the possibility to operate HS-DSCH without an HI indicator)

· Impact on UE hardware (speaks in favour of a staggered solution as this avoids the need for sub-chip-level buffering or full de-spreading)

· Impact on power consumption (speaks in favour of an HI indicator on an associated DPCH or at least the possibility for a HI indicator)

· Should not impose unnecessary limitations on the code-multiplex flexibility

It is clear that a good understanding of the complexity of de-spreading and buffering is important for the selection of structure of the HS-DSCH-related downlink signalling.
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