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1 Introduction

In order to provide a fast response time in HSDPA, the scheduler, AMC and HARQ functions are provided by the MAC-hs located in the Node-B (closer to the UE). The MAC-hs is responsible for handling the data transmitted on the air interface. Furthermore, MAC-hs manage the physical resources allocated to HSDPA. The functions performed by MAC-hs include flow control, scheduling/priority handling, HARQ and physical layer transport format (modulation and coding scheme etc.) selection.

Most of the gains promised by HSDPA come from fast resource allocation (scheduling, AMC and HARQ) in Node-B. With the bursty nature of the data applications carried by HSDPA, UEs are receiving downlink transmissions for a very small fraction of the time. Typical HSDPA applications like web browsing consist of packet calls and think times between packet calls.  In general, the think times are much larger than the packet call duration. This result in short bursts of DL activity during packet calls and large inactive periods during think times.  The resource requirements are different for the UEs during inactive periods than in active periods. For example, the channel quality indication from the UE is not needed during inactive periods. Also, the UE can monitor a single HS-SCCH during inactive period because it cannot be scheduled for a transmission. This will help in saving uplink and UE resources.

In the current specifications, the UE can be signalled about the changing service requirements through RRC signalling. However, the RRC signalling is slow due to delays in the radio access network and use of longer TTI for transmission. Moreover, when a control message related to MAC-hs (scheduler, AMC or HARQ etc.) needs to be carried to the UEs, the information is first sent from the MAC-hs in the Node-B to the RRC in the RNC and only then RRC can forward the signalling message to the UE. For example, when the data shows up for the UE in MAC-hs buffers, delays will be introduced due to RRC signalling before the first packet can be sent to the UE. This is the case if the UE is reconfigured to start monitoring more than one HS-SCCH or asked to start sending the channel quality indication with RRC signalling. This long delay can result in degradation in service quality.

In the presence of rapidly changing configuration requirements, there is then, also a need to provide fast signalling functionality in Node-B. In this document, we describe a fast signalling mechanism that minimizes signalling delays while enabling RRC like signalling in MAC-hs.

2 Fast MAC-hs signalling

The HSDPA uses advanced technologies like fast scheduling, AMC and HARQ. The new technologies are enabled by downlink signalling on HS-SCCH and uplink signalling on HS-DPCCH. However, these new technologies also require fast signalling mechanism to configure/reconfigure the system parameters faster than that can be done through RRC signalling.  The HS-SCCH itself can be used to carry fast signalling messages. Since HS-SCCH uses 2.0ms subframe and UE is monitoring HS-SCCH in every subframe, it provides the fast way of signalling changing system parameters to the UE. Note that the 21 information bits (in addition to the 16 UE ID/CRC bits) in the current HS-SCCH structure should be sufficient to carry a wide variety of signalling messages. For example, all the HSDPA related physical layer parameters currently signalled through higher layer signalling [1] could be carried using fast signalling:

1)
HS-SCCH set to be monitored

2)
Repetition factor of ACK/NACK:
N_acknack_transmit
3)
Channel Quality Indicator (CQI) feedback cycle k.
4)
Repetition factor of CQI: N_cqi_transmit
5)
Measurement power offset (
Moreover, information about configuration and reconfiguration of the number of HARQ processes can be carried using fast signalling. Similarly, information about the maximum number of HARQ retransmission attempts can also be signalled using fast signalling. 

Note that a single fast signalling message can be used to carry more than one parameter. For example, the fast signalling message sent just before the first packet transmission to the UE can carry info about the HS-SCCHs configured, HARQ processes, channel quality indication rate and power offset for HS-DPCCH as shown in Figure 1. 
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Figure 1 An example of Fast signalling message using HS-SCCH

The fast signalling messages on HS-SCCH can be identified by extending the UE ID field in order to include fast message identifiers. In this case, a UE will not only look for its normal UE ID in the HS-SCCH CRC but also for the signalling message identifiers. Note that in this case UE ID and signalling message identifier share the same ID space. When a UE sees an identifier specific to a signalling message, it will interpret the contents of the HS-SCCH accordingly. The UE ID field can be used for both the dedicated signalling messages and common signalling messages. For common signalling purpose, a single ID can be used to identify the signalling message sent to multiple UEs.

The MAC-hs signalling entity can be part of the scheduling/priority handling functionality in the MAC-hs as shown in Figure 2.

[image: image2.wmf] 

MAC

-

hs

 

MAC 

–

 Control

 

 

HS

-

DSCH

 

 TFRC selection

 

 

Flow Control 

 

MAC

-

hs / MAC

-

c/sh or MAC

-

hs / MAC

-

d

 

Associated Downlink 

Signalling

 

Associat

ed Uplink 

Signalling

 

to MAC

-

c/sh or MAC

-

d

 

HARQ

 

 

Scheduling/Priority Handling

 

(MAC

-

hs signalling)

 


Figure 2 MAC-hs functions

A simple example comparing fast signalling and RRC signalling is given in Table 1. In this example, we assume that at the arrival of packet call data, either RRC or fast signalling is used to configure number of HS-SCCHs and channel quality indication feedback rate etc. The packet transmission over the air can only start after this signalling has been done. Note that the difference in packet call throughputs between fast signalling and RRC signalling will even be higher for applications that generate shorter transactions.

Table 1 RRC versus fast signalling

	
	Fast signalling
	RRC signalling

	Packet call size
	40 KB
	40 KB

	Packet call transmission time
	100.0ms
	100.0ms

	Fast signalling delay
	5.0ms
	100.0ms

	Packet call Throughput
	3.0Mb/s
	1.6Mb/s


2.1 Reliability of Fast signalling

The fast signalling messages can be lost due to 1% FER on the HS-SCCH. However, ACK/NACK feedback can be used to enable retransmissions of the lost messages thus making the fast signalling reliable. Note that when a fast signalling message is sent, no data transmission on HS-DSCH takes place and the normal ACK/NACK field in HS-DPCCH can be used to provide feedback on fast signalling messages. 

The reliability of the order of 10e-4 can be achieved on fast signalling messages using ACK/NACK feedback. An ACK(NACK error will simply result in a duplicate transmission of the fast signalling message. A NACK(ACK error will result in missed fast signalling message. However, this will happen quite infrequently due to 10e-4 NACK(ACK error requirement.

3 Conclusions

The advanced radio resource allocation techniques require fast signalling from the Node-B to the UE.  The fast signalling scheme described in this document can be used to carry the RRC like signalling from Node-B (MAC-hs) to the UE. Note that fast signalling only complements RRC signalling and not replaces it. The proposed scheme uses the HS-SCCH to carry the fast signalling messages. The changes needed to introduce fast signalling are minor. The UE ID field in the HS-SCCH can be extended to address not only different UEs but also distinguishing various types of signalling messages.

4 References
[1] TS 25.214, “Physical layer procedures,” V5.1.0, June 2002.
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