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1. Introduction

In this contribution, we present a scheme to overcome the code limitation problem which may be experienced in the framework of HSDPA. 

Code limitation is not a problem which will be encountered with early deployments of HSDPA as there should not be many users operating in HSDPA. However when considering latter deployment phases, the need for an associated dedicated channel may put some restriction on a wide deployment of HSDPA. Indeed data-only users do not need the DL dedicated codes except for layer 1 control information as higher layer signalling may be carried through HSDPA channels.

The principles presented here allow to reduce the number of codes needed to operate HSDPA in a cell. It was designed to ensure a maximum backwards compatibility with existing UMTS features thus minimising the impact on both the UE and the node B

2. Code tree utilization with existing HSDPA design

The current specifications mandate the set up of dedicated physical channels both in the UL and in the DL for any user operating in HSDPA. However with the development of data-only applications especially for low to medium bit rates, the cost of the dedicated channel may restrict a wider use of HSDPA.

When a user only wants to have streaming, interactive or background service i.e. a data-only service there is still a need from the system perspective to set up a dedicated physical channel in the DL. It is generally foreseen that this downlink dedicated channel will be mainly used to carry RRC signalling and that all the traffic will go through the HSDPA channel. RRC signalling has a minimum data rate. However, most of the time the physical channel carrying this signalling will be DTX’ed except for TPC and pilot bits, as RRC signalling is rather infrequent especially for low to medium speed environments, 

The current standard allows the RRC signalling to be carried on the HS-DSCH transport channel. If this option is chosen for data-only users it means there will be no dedicated transport channel to carry on the associated DPCH i.e. only the TPC and pilot bits of its DPCCH part will be transmitted. It does seem like a waste of resource to use the dedicated code channels in such way. 

It is easily understandable that if the timing of these no-DCH channels is well chosen they could be mapped onto the same code without any loss of information. This would also reduce the code tree utilisation of data-only HSDPA users.

The proposal presented in the next sections elaborates on this principle of re-using dedicated code channels among data-only HSDPA users.

3. Fractional dedicated channel

3.1. Principles

When designing this channel a number of constraints were taken into account to ensure maximum backwards compatibility with existing features for the UE and node B.

The following principles were applied

· Keep the UL timing unchanged 

· Maintain the closed loop power control periods

· Layer 1 synchronisation not impacted

· Dedicated channel etablishment can be made directly with fractional dedicated channel in the downlink and dedicated channel in the uplink

· Compatibility with soft handover, compressed mode, open-loop Tx diversity

· Keep downlink power control active to avoid transmitting at the maximum power.

The fractional dedicated channel can also be seen as a shared power control channel i.e. one code is shared between different users to carry power control and pilot bits. It is illustrated on the figure below.
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On the above figure, DPCH1 DPCH2 and DPCH3 illustrate the dedicated channels which are set up for 3 different UEs operating in HSDPA with no conversational service and DCCH signalling mapped onto HS-DSCH. When the DL timings of these channels are properly chosen, it appears that the code dimension is not necessary to distinguish between the UEs.

Therefore as illustrated by the Shared PC channel a single code is sufficient to carry TPC and pilot bits associated to these HSDPA Ues and still maintain the same periodicity of one slot for the transmission of these information in the downlink.

Note that the number 3 was chosen for illustrative purposes and that the exact number of UE which can be mapped on such a channel will be presented in the following sections.

The OVSF code carrying TPC and pilots bits for the 3 Ues can also be defined as a shared power control channel, where Ues are multiplexed in time at the slot level.

3.2. From the UE perspective

Seen from one UE, the fractional dedicated physical channel carrying its power control and pilot bits is very close to an existing DPCH channel except that these different bit types are grouped as opposed to the current DPCH format.
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However except for this difference, seen from a given UE, the fractional dedicated channel, can be described by code and timing characteristics exactly as the existing DPCH channel.

Thus 

· the power control loop can be maintained with a 1 slot delay

· layer 1 synchronisation can be acquired and maintained using the dedicated pilots (same pattern can be re-used from R99)

· connection can be established directly in the above described mode without any need for reconfiguration between classical dedicated and fractional

· open loop Tx diversity can be applied provided that the number of symbols for a given UE is a multiple of 4

· timing of associated  UL dedicated channel can be kept unchanged i.e. DL and UL radio frame boundaries can keep the same offset whether in soft handover or not.

The proposed channel reuses the existing physical layer procedures thus minimising the impacts on the UE.

3.3. From the node B perspective

From the node B perspective, the shared power control channel or the parallel fractional dedicated channels can also be seen as multiple dedicated channels. Therefore if there is no limitation in hardware resource, the fractional dedicated channels can be implemented as several parallel dedicated channels with a different slot format. This approach is named distributed approach.

In case of hardware limitation, the centralised approach can be adopted where the same hardware resource handles one code channel and this resource is shared between different users in time.

The exact impacts of the fractional dedicated physical channel depend on whether a centralised or distributed approach is adopted when implementing this channel. However it is believed that depending on the manufacturers’ implementation both can be adopted with a reasonable complexity but still provide the expected capacity gains.

3.4. How many fractional dedicated channels can use a single code?

The answer obviously depends on the chosen spreading factor. It is believed that for simplicity reasons the same fixed spreading factor should be considered for the fractional dedicated physical channel. However the way it has been defined does not prevent to consider a variable , reconfigurable spreading factor.

This would add complexity to the implementation without necessarily adding much benefit to the proposed feature.

When considering the number of TPC and pilot bits dedicated to a given user, maximum backwards compatibility should be targeted i.e. when possible numbers derived from existing slot formats should be considered so that layer 1 synchronisation procedures and features as e.g. beamforming are not affected.

Considering the slot formats defined in 25.211, we believe the number of pilot bits should not be changed to keep the same pilot bit patterns as in existing UMTS releases. In addition, since the objective is to allow the use of STTD on the fractional dedicated channel, the number of TPC and Pilot symbols for a given UE should be a multiple of 4.

With the above mentioned requirements the following options can be considered.

	SF
	Nb symb/slot (tot)
	Nb TPC symb
	Nb Pilot symb
	Nb Ues per code

	128
	20
	2
	2
	5

	64
	40
	2
	4
	5

	64
	40
	2
	2
	10

	32
	80
	4
	4
	10

	32
	80
	2
	2
	20

	16
	160
	4
	8
	13

	16
	160
	2
	2
	40



Only spreading factor down to 16 are presented , we believe that this shared power control channel (seen as a single channel) should have a rather high spreading factor to ensure that it does not consume to much power in the downlink.

3.5. Analysis of backwards compatibility

In this section a number of interactions with existing UMTS features are analysed.

· Downlink power control : it is supported on the fractional dedicated channel in the same manner as for existing dedicated channels

· STTD : as explained in the previous sub-section , the slot formats should be designed to allow for the use of STTD on this channel.

· Soft handover : as Ues are multiplexed on a slot by slot basis, soft handover is supported on the fractional dedicated channel. Also, in the active set it should be possible to have a mix of existing dedicated channels and fractional dedicated channels.

· Compressed mode : as the existing dedicated physical channel, the fractional dedicated channel can be gated meaning that it can be DTX’ed when the UE has to perform measurements on other frequencies. This operation is not not exactly similar to compressed as there is no actual data which needs to be compressed outside the transmission gaps. As the TPC and pilots bits from the DPCCH it would simply not be transmitted during the transmission gaps. Some form of recovery procedure would also be needed to converge back to the outer loop target after a period of interruption.

4. Conclusion 

In this contribution the concept of fractional dedicated channel is presented and analysed from the UE and node B impacts perspective as well as from a backwards compatibility standpoint. We believe that this proposal allows a wider use of HSDPA by reducing the code limitation problem especially in data-only environments and therefore is a good candidate technology for the HSDPA enhancements discussions.

The following text is proposed for inclusion in TR25.899

-------------------------------Start of text proposal----------------------------------------------------------------

5.X 
Fractional dedicated physical channel

The current specifications mandate the set up of dedicated physical channels both in the UL and in the DL for any user operating in HSDPA. However with the development of data-only applications especially for low to medium bit rates, the cost of the dedicated channel may restrict a wider use of HSDPA.

When a user only wants to have streaming, interactive or background service i.e. a data-only service there is still a need from the system perspective to set up a dedicated physical channel in the DL. It is generally foreseen that this downlink dedicated channel will be mainly used to carry RRC signalling and that all the traffic will go through the HSDPA channel. RRC signalling has a minimum data rate however since transmission of RRC signalling is rather infrequent, the physical channel carrying this signalling will be DTX’ed most of the time except for TPC and pilot bits transmission.

As the current standard allows the signalling to be carried on the HS-DSCH transport channel, the dedicated physical channel may be setup in the downlink to carry only layer 1 signalling.

Providing the flexibility to share the dedicated code channels associated to data-only users has the potential to allow for a wider use of the HSDPA system by reducing the code limitation problem. The fractional dedicated physical channel implements the above described concept of code sharing between data-only HSDPA users to carry layer 1 control information.

-------------------------------End of text proposal----------------------------------------------------------------
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