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1 Introduction

The objective of the continuous connectivity work item is to reduce the overhead of physical control channels or related signaling messages of packet data users for both real-time (e.g. VoIP) and non real-time services, e.g. for users which have temporarily no data transmission in either uplink or downlink. While the focus in the continuous connectivity work item so far has been more on the uplink, we suggest in this contribution a simple method to reduce the HS-SCCH signaling overhead in the downlink for users with VoIP or low data rate packets, thus also increasing the downlink capacity for VoIP users.
2 Background

For decoding the data on the HS-DSCH, it is prerequisite to decode the control information on HS-SCCH. The HS-SCCH contains information about 

· the UE identity (16 bits)

· new data indicator (1 bit)

· redundancy and constellation version (3 bits)

· HARQ process (3 bits)

· transport block size (6 bits)

· modulation scheme (1 bit)

· channelization code set (7bits)

The power allocation for HS-SCCH needs to be rather large because 

1) HS-SCCH does not benefit from time diversity and HARQ 

2) HS-SCCH needs to be decoded correctly to avoid transmitting HS-DSCH in vain.

To illustrate the transmit power requirement of the HS-SCCH channel in the absence of receive antenna diversity, we show in Figure 1 the statistics of HS-SCCH error rates achieved by a user across different locations in a cell and different channel profiles, when a fixed HS-SCCH transmit power of 2W (10% of the cell transmit power) is used. Simulation assumptions are summarized in Table 1. The results were collected over 300 independent single-user simulations. In each simulation run, the user was randomly placed in the center cell and was assigned a channel profile and speed according to the channel mix distribution provided in Table 1.

Table 1. Simulation Assumptions

	Simulation Parameter
	Value/Assumption

	Cell layout
	12 Node-B/36-cell cloverleaf layout

	Pathloss model
	Cost 231: 

Pathloss (dB) = 136+35.22*log10(d); d in meters

	Site-to-site distance
	2500m

	Shadowing
	( = 8 dB

cell site correlation = 50%

correlation distance = 110m

	Cell transmit power
	20W

	Cell antenna
	Single transmit antenna

17.1 dBi gain, 65 degree beamwidth

	UE receiver
	Single receive antenna, Rake receiver

	UE noise figure
	10 dB

	Other losses
	5 dB

	Channel mix
	25% - Static AWGN

37% - Pedestrian A, 3 km/h

13% - Pedestrian A, 30 km/h

13% - Vehicular A, 30 km/h

12% - Vehicular A, 100 km/h

	Channel estimation
	Ideal

	Implementation margin
	None
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Figure 2.  Statistics of user HS-SCCH error rate across all UE locations, channel profiles and UE velocities.
From Figure 1, it can be seen that more than 10% of the user experiences lead to HS-SCCH error rates of larger than 4%. Therefore, if we say that a user is in HS-SCCH outage if the user’s HS-SCCH error rate is larger than 4%, then we find from the figure that more than 10% of the users are in HS-SCCH outage, assuming the HS-SCCH transmit power to be fixed at 10% of the cell power. The outage estimate would further increase if we were to account for implementation margins and non-ideal channel estimation. The simulation engine was calibrated to yield more optimistic results than the HS-SCCH minimum performance requirements (without implementation margins) specified in [1].

This large power requirement of the HS-SCCH channel in the absence of transmit or receive diversity severely limits the capacity of  latency-sensitive traffic over HSDPA. The effect of HS-SCCH transmit power requirement is especially severe on latency-sensitive traffic due to the limited multi-user diversity that can be exploited for such traffic. From multi-user 12.2kbps VoIP simulations under the same assumptions as in Table 1, we also find that the cell capacity is limited to 20 VoIP users/cell (using the criterion that at least 95% of the users must experience less than 5% voice frame outage). In these simulations we used a CQI-based dynamic power allocation algorithm designed to achieve a target HS-SCCH error rate of 2%. The VoIP cell capacity increases to 65 users/cell if HS-SCCH transmit power is set to zero and HS-SCCH is assumed to be error-free. From these results we can conclude that VoIP on HSDPA capacity is severely limited by excessive  HS-SCCH power requirement, and that large capacity gains are possible in the absence of antenna diversity if we were to reduce the power requirements of the HS-SCCH channel.

A solution to the problem of excessive HS-SCCH power requirement was proposed in [2], in which a new mode of HS-SCCH-less transmission using blind detection of the HS-DSCH transport format at the UE was proposed. In the present contribution, we propose to use a transmission HS-SCCH mode for real-time traffic with which a reduced payload is carried on the HS-SCCH for new transmissions and no HS-SCCH is transmitted for retransmissions. The proposed method does not require blind detection at the UE.

3 New HS-SCCH mode

A new mode for HS-SCCH is suggested here that requires far less overhead and power for real-time traffic as compared with the current design. In particular, it is suggested to remove some of the flexibility that may not be required for infrequently transmitting small data packets. While removing some of the flexibility for HSDPA downlink transmission, the suggested HS-SCCH modification is minimally invasive with respect to the current standards specification. In particular, the overall HS-SCCH specification with respect to physical channel bits and the HS-SCCH timing is preserved as specified in TS25.212 and TS25.211.

The following modifications are suggested:

· A small transport format and resource combination (TFRC) is configered for real-time traffic via higher layers, consisting of  

· 2 transport block sizes

· only QPSK modulation scheme

· only one OVSF code per transmission, whereby the code is chosen from a set of codes reserved for that purpose. The set of codes can be uniquely described with N bits.

· The number of HARQ processes available for real-time data packets can also be limited upfront to, say, M. 

· HARQ retransmissions are simplified

· HARQ retransmissions are synchronous, i.e. retransmissions follow a fixed time after a failed transmission

· redundancy and constellation version follow the retransmission index

· HS-SCCH is not transmitted for retransmissions

· The new data indicator is no longer needed. New data is always transmitted together with HS-SCCH, retransmissions have no HS-SCCH.

With the above modifications, the number of bits transmitted on HS-SCCH for the first transmission is reduced as shown in Table 2, for all retransmissions the HS-SCCH is not required.

Table 2: Bits in HS-SCCH transmission

	
	Number of bits for the existing HS-SCCH
	Number of bits for the new HS-SCCH mode

	New data indicator
	1
	0

	Redundancy and constellation version
	3
	0

	HARQ process
	3
	ld(M)

	Transport block size
	6
	1

	Modulation scheme
	1
	0

	Channelization code set
	7
	N

	Total number of bits
	21
	1+ ld(M)+ N


The relative energy savings for the first HS-DSCH data transmission can then be approximated as
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4 Conclusion

In this contribution, we have shown that the HS-SCCH channel requires relatively high transmit power in order to support real-time services over HSDPA in all parts of the cell, which leads to severe reduction of capacity for such traffic. We propose a solution to this problem by defining a new HS-SCCH mode that helps to reduce its power requirement. Under the new design, the network will be able to configure an HSDPA UE with the current HS-SCCH or the new HS-SCCH with reduced overhead at the expense of some of the flexibility for the HARQ operation. The new HS-SCCH design reduces the number of HS-SCCH bits transmitted for new HARQ transmissions and eliminates HS-SCCH transmission during retransmissions.
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