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Introduction

An analysis of the Layer 3 signalling for HSDPA is presented, with particular attention to:

· Typical RRC message length

· Delay analysis

· Segmentation of RRC messages

In Table 1 “Possibilities for downlink signalling” of TR 25.855 [1] four options are described:

Table 1: Possibilities for downlink signalling

	
	DL Physical Channel
	DCCH mapping onto DPCH
	New Requirements for HSDPA

	1
	DPCH
	DPDCH has a DCH for DCCH
	Requires new slot formats

	2
	DPCH
	DPDCH has no DCH for DCCH, DCCH mapped to HS-PDSCH.
	Requires new slot formats

	3
	DPCH/N
	DPDCH has no DCH for DCCH, DCCH mapped to HS-PDSCH.

Sub-rate TDM multiplexed DPCH
	Requires new physical channel

(CDM + TDM channel)

Minimises downlink code usage

	4
	DPCH/N
	DPDCH has DCH for DCCH,

Sub-rate TDM multiplexed DPCH
	Requires new physical channel

(CDM + TDM channel)

Minimises downlink code usage


In this document we will analyse the peak rate requirements of the DCCH and its effect on message delay and reliability, so that an informed selection can be made. We will focus in particular on the DCCH mapping, analysing the pros and cons of mapping the DCCH on DCH vs. mapping DCCH on HS-PDSCH.

Typical RRC DL message length

It is difficult to estimate the length of a typical RRC Downlink message to be used in Rel-5, anyhow it can be safely assumed that some of the existing R99 messages and procedures will be used also in Rel-5 without significant difference in terms of length. Therefore, we will use R99 messages
 as examples, which will probably be also used in Rel-5 with minor changes in their length.

Soft Handover

Table 2: DL Message Length for Soft Handover

	RRC DL Message

[NAS Source: NAS message]
	RLC & MAC size

(bits)
	RRC size

(bits)
	NAS size

(bits)
	Total size

(bits)

	Measurement Control

	68
	376
	0
	444

	Active Set Update

	28
	56
	0
	84

	Total length of RRC DL messages
	528


Note: Measurement control is sent whenever the list of neighbour cells has to be updated, which may happen every time the Active Set is updated.

Hard Handover

Table 3: DL Message Length for Hard Handover

	RRC Message

[NAS Source: NAS message]
	RLC & MAC size

(bits)
	RRC size

(bits)
	NAS size

(bits)
	Total size

(bits)

	Measurement Control
	68
	376
	0
	444

	Radio Bearer Reconfiguration
	188
	1040
	0
	1228

	Total length of RRC DL messages
	1672


Mobile Originated voice call

Table 4: DL Message for MO voice call

	RRC DL Message

[NAS Source: NAS message]
	RLC & MAC size

(bits)
	RRC size

(bits)
	NAS size

(bits)
	Total size

(bits)

	Downlink Direct Transfer

[MM: Authentication Request]
	68
	32
	=37*8
	396

	Downlink Direct Transfer

[MM: CM service Accept]
	28
	32
	=2*8
	76

	Downlink Direct Transfer

[CC: Call Proceeding]
	28
	32
	=3*8
	84

	RB Setup
	188
	1040
	0
	1228

	Downlink Direct Transfer

[CC: Alerting]
	28
	32
	=6*8
	108

	Downlink Direct Transfer

[CC: Connect]
	28
	32
	=2*8
	76

	Total length of RRC DL messages
	1968


Note: The DL Direct Transfer messages including “Alerting” and “Connect” may be sent on a new DCH just setup with RB setup. 

From the tables above it is clear that the RB Setup and RB Reconfiguration messages dominate in term of length.

Delay analysis

The two options under investigation (mapping of DCCH on DCH or on HS-PDSCH) differ in term of peak throughput and physical layer delay.

Table 5: Delay properties of DCCH

	Option
	A: DCCH on DCH
	B: DCCH on HS-PDSCH

	Peak delay for transmission of the first PDU
	Low (10-80 ms)
	Medium/High (100-200 ms [3])

	Peak throughput
	Low (<0.9 Kb/s) for SF 512
	High (2000-4000 Kb/s)


For option B the peak delay is driven by the peak delay for transmission of the first PDU. The exact value of this delay is difficult to estimate, since it depends on many factors (ARQ scheme, channel condition, scheduling algorithm in Node B) and it is beyond the scope of this document. We will focus instead on the impact to the delay which is due to the peak throughput of the DCCH. We will first analyse the case of successful transmission of RRC DL messages.

Table 6: Transmission delay of DL RRC messages

	
	Transmission delay [s] at:

	
	13.6 Kb/s
	3.4 Kb/s
	1.7 Kb/s
	0.9 Kb/s

	Measurement Control
	0.04
	0.16
	0.32
	0.56

	Active Set Update 
	0.01
	0.04
	0.08
	0.16

	Total DL Transmission  Delay for Soft Handover
	0.04
	0.16
	0.32
	0.64

	
	
	
	
	

	Measurement Control
	0.04
	0.16
	0.32
	0.56

	Radio Bearer Reconfiguration
	0.10
	0.40
	0.80
	1.44

	Total DL Transmission  Delay for Hard Handover
	0.13
	0.52
	1.04
	1.92

	
	
	
	
	

	Downlink Direct Transfer[MM: Authentication Request]
	0.03
	0.12
	0.24
	0.48

	Downlink Direct Transfer[MM: CM service Accept]
	0.01
	0.04
	0.08
	0.16

	Downlink Direct Transfer[CC: Call Proceeding]
	0.01
	0.04
	0.08
	0.16

	RB Setup
	0.10
	0.40
	0.80
	1.44

	Downlink Direct Transfer[CC: Alerting]
	0.01
	0.04
	0.08
	0.16

	Downlink Direct Transfer[CC: Connect]
	0.01
	0.04
	0.08
	0.16

	Total DL Transmission  Delay for MO voice call
	0.15
	0.60
	1.20
	2.24


The values in the table above do not take into account the additional overhead that the rate of 0.9 Kb/s would require. The same PDU size of 148 bits has been considered for 13.6 Kb/s, 3.4 Kb/s and 1.7 Kb/s with a TTI length of 10 ms, 40 ms and 80 ms respectively. If the PDU size has to be maintained (to avoid additional overhead), a TTI longer than 80 ms should be defined in order to support DCH with a data rate below 1.7 Kb/s. Alternatively a smaller PDU size could be used for the 0.9 Kb/s case, but this would significantly increase the relative weight of the overhead due to Layer 2 headers.

All the delay values larger than 0.2 s have been marked as problematic. For the Active Set Update message all the values larger than 0.1 s are considered problematic.

Effect of delay on Active Set Update procedure

The Active Set Update message is one of the smallest RRC messages (96 bits, and it fits into a single PDU of 148 bits). It controls the Soft Handover procedure, whose success is critical for the quality of service provided over dedicated transport channels. The successful delivery of the Active Set Update message to the UE should happen in the shortest amount of time in order to minimise the probability of a radio link failure.

Option A: DCCH on DCH

In this case the peak delay for the transmission of the first PDU is low, and the amount of Transmission Delay is driven by the length of the TTI used (assuming that a constant PDU size of 148 bits is used). In particular the Transmission Delay could have the values of 10 ms, 40 ms or 80 ms with DCCH of peak rate 13.6 Kb/s, 3.4 Kb/s and 1.7 Kb/s respectively. For a DCCH of peak rate 0.9 Kb/s a longer TTI or a smaller PDU size should be used. In both cases the Transmission delay would likely double with respect to the 1.7 Kb/s case. 

The Active Set Update message in this case would be sent using the same DCH that is in need of an additional RL. During the transmission of the message itself, the quality of the active set may deteriorate so fast that it could become impossible to successfully decode the message. If this happens, RL failure will likely result.

Option B: DCCH on HS-PDSCH

In this case the dominant component of the total delay is the transmission of the first PDU. It is difficult to estimate the actual value but it can be assumed to be in the order of hundreds of milliseconds.

An important difference with respect to Option A is that the message is not sent using the DCH that it is meant to salvage. Even if the delay causes some bad frames on the DL DCH, as soon as the UE will receive the Active Set Update message from the HS-PDSCH, the quality of the DL DCH will improve again, avoiding the total loss of RL.

[Note that in both Option A and Option B the delay in the transmission of Active Set Update message will minimally affect the quality of the UL DCH, since all Node Bs involved in the new active set will already be decoding the UL DPCH transmitted by the UE before the Active Set Update message is transmitted. Of course some deterioration in the UL DCH may be caused by the degradation of the power control bits received on the DL DPCCH, but this can be partially compensated for with some appropriate protection of these power control bits.]

Segmentation of RRC messages

Another important aspect of the typical delay in the successful transmission of RRC messages is the retransmission scheme implemented. If the message is segmented, the loss of a single PDU may lead to the Layer 3 retransmission of the whole message (in case UM is used) or to the Layer 2 retransmission of the single PDU that was lost (in case AM is used). It is self evident that, as the size of the message grows larger and larger, the use of UM RLC become less and less appropriate for messages that are time sensitive. Quick Repeat in UM is another possible alternative to AM transmission, but, also in this case, if the message is too large, the amount of radio resources needed to implement this techniques becomes prohibitive.

An atypical alternative to solve the problems describe above, would be to significantly increase the peak rate of the DCCH so that even long messages can fit into a single PDU. This approach is not practical in systems that are peak rate limited. In Rel-5, with the introduction of the HSDPA, this technique becomes practical, at least for DL  messages.

Table 7: Segmentation of RRC messages

	
	Number of segments for PDU size:

	
	49 bits
	148 bits
	444 bits
	1332 bits

	Measurement Control
	10
	3
	1
	1

	Active Set Update 
	2
	1
	1
	1

	
	
	
	
	

	Measurement Control
	10
	3
	1
	1

	Radio Bearer Reconfiguration
	26
	9
	3
	1

	
	
	
	
	

	Downlink Direct Transfer[MM: Authentication Request]
	9
	3
	1
	1

	Downlink Direct Transfer[MM: CM service Accept]
	2
	1
	1
	1

	Downlink Direct Transfer[CC: Call Proceeding]
	2
	1
	1
	1

	RB Setup
	26
	9
	3
	1

	Downlink Direct Transfer[CC: Alerting]
	3
	1
	1
	1

	Downlink Direct Transfer[CC: Connect]
	2
	1
	1
	1


Note. The difference in Layer 2 overhead have not been taken into account.

All sizes larger than 5 segments have been marked as problematic.

Conclusion

The analysis above shows that the mapping of DCCH onto HS-PDSCH is not only feasible but also advantageous, when all the components and effects of delay are taken into account.

It is therefore proposed that the mapping of DCCH onto HS-PDSCH be considered the working assumption for DL signalling.
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� TS 25.331v3.4.0, TS 25.322v3.4.0 and TS 24.008v3.5.0 have been used for this analysis.


� It is here assumed that a list of 6 intra-frequency cells is included in the Measurement Control message.


� It is here assumed that a RL is dded to the Active Set.





