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Associated Signaling Requirements for High Speed DSCH (HS-DSCH)

Introduction

A proposed structure of downlink and uplink signaling channel for HS-DSCH was presented in [1].  The structure consists of a two-step process where part of the signaling is sent on a DPCH and the remainder is sent on a shared control channel (SHCCH).  In this contribution, we address the signaling requirements for HS-DSCH mainly with respect to OVSF code requirement for the HS-DSCH Indicator and Shared control channel (SHCCH). The signaling and OVSF code requirements for HS-DSCH when simultaneous voice and data are supported is then discussed.  Finally, the sizing of the control channels and the operation of these channels under soft-handoff is presented.  
1.0 OVSF Code Requirement HS-DSCH Indicator and SHCCH for HS-DSCH operation

In this section, the OVSF code requirement for control channels for the W-CDMA system when there are only HS-DSCH users in the system is discussed first.  From the analysis below, it can be concluded that there is ample code resource to support HS-DSCH and its associated control channels.

Table 1 SF Requirement

	Channels
	SF
	Fraction of OVSF Tree
	Percentage of the OVSF Tree

	CPICH
	256
	   1/256
	0.39%

	Secondary CPICH
	256
	   1/256
	0.39%

	Primary CCPCH
	256
	   1/256
	0.39%

	Secondary CCPCH
	32
	   1/32 
	3.13%

	AICH
	256
	   1/256
	0.39%

	PICH
	256
	   1/256
	0.39%

	HS-DSCH
	20 @ SF=32
	   5/8  
	62.50%

	
	Total
	 173/256
	67.58%


Assuming, the physical channels to which HS-DSCH is mapped has a fixed spreading factor (SF) of 32 and the number of codes to which HSDPA transmission is mapped is 20, there will be 12, 32 SF codes to support overhead channels (CPICH, primary and secondary CCPCH, AICH, PICH etc.) and the HS-DSCH indicator and SHCCH.  Table 1 shows the SF requirements for the common channels.

It may be observed from the above table that there will be at least 32% of the OVSF code tree available for supporting DPCH, SHCCH, voice users and the Release 99 DSCH. 

· HS-DSCH only system:  The remaining 32% is divided between the DPCH indicator channel and the SHCCH.  Assuming a maximum of 8 users are code multiplexed simultaneously, 8 codes @ SF=256 would need to be dedicated for this purpose consuming 3.1% of the remaining OVSF tree.  The final 29% may be used to support 150 DPCH indicator channels.

· HS-DSCH with Rel 99 DSCH: Assuming the DSCH requires one SF=8 code, 12.5% of the OVSF tree will be consumed.  3.1% are dedicated to the SHCCH.  Therefore, 16.8% remain for a DPCH associated with the DSCH or HS-DSCH.  A total of 43 DSCH DPCHs (SF=256) may be supported or 86 HS-DSCH DPCH (SF=512) may be supported.

Next, the OVSF code requirement when voice, DSCH and HS-DSCH are supported is evaluated.  Figure 1 shows the HS-DSCH throughput vs. voice loading [2] which indicates that the HS-DSCH throughput drops linearly as the voice erlangs per sector increases.  As the number of voice user increases the average number of codes assigned to HS-DSCH and its associated signaling channels also decreases. The 16.8% identified as supporting the DSCH or HS-DSCH DPCH may also be used to support 21 12.2 kbps voice users (SF=128).   As the voice load increases, the number of codes allocated to the HS-DSCH may decrease.  Each SF=32 code would support 4 voice, 8 DSCH associated signaling or 16 HS-DSCH associated signaling channels.
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Figure 1. HSDPA Throughput vs Voice Loading for different FRP (lambda) 

2.0 Sizing of the Control Channel for HS-DSCH

The Node-B uses the HS-DSCH indicator to convey information to the UE relevant to the demodulation of the SHCCH and HS-DSCH.  The HS-DSCH indicator and SHCCH data fields are specified in Table 2
 (based on [3]), assuming a TTI of 3 slots or 2msec. Making the TTI less than 2 msec will make the control channel power requirement for both the uplink and downlink to go up if the same reliability is to be maintained.  It may be noted that the Node-B uses the SHCCH to convey information to the UE relevant to the demodulation of the HS-DSCH. 

Table 2
	Parameter
	Before the HSDSCH data packet
	Simultaneously with HSDSCH data packet

	
	Min 
	Prop
	Max 
	Min 
	Prop
	Max 

	UE Identification
	0
	0
	0
	
	
	

	SHCCH identification
	2
	3
	4
	
	
	

	MCS
	
	
	
	1
	3
	3

	HS-DSCH power level
	
	
	
	0
	6
	6

	Code channels
	0
	2
	10
	0
	8
	10

	FHARQ process #
	
	
	
	0
	0
	3

	FHARQ redundancy version
	
	
	
	0
	0
	2

	FHARQ packet number 
	
	
	
	1
	1
	2

	Power offset for uplink
	
	
	
	0
	0
	0

	Total
	2
	5
	14
	2
	19
	26


It may be observed that the bits required for the HS-DSCH indicator and the SHCCH can be carried easily using SF=512 and SF=256 codes respectively with adequate error protection.  Also, the power control bits and the pilots to be transmitted on the indicator channel have not been accounted for in the above table.

3.0 Control channel for HS-DSCH operation in soft-handoff
There are several cases to consider for control channel operation during soft-handoff.

Case 1: Only HS-DSCH is operational 

In this case the UE decodes TPC symbols only from the selected Node-B.  The other Node-B’s in the active set does not transmit the indicator channel.  Note, that the information bits in the indicator channel are DTX’ed when the UE is not scheduled.

Case 2: Both HS-DSCH and Voice supported

In this case, the TPC bits on the downlink voice channel are used to power control the uplink channel while supporting voting (as normal). The TPC bits are sent on the downlink voice channel from each Node-B in the active set.  The TPC bits on the indicator channel are not transmitted in this mode.  Rate matching is used to give coding gain advantage of the control information related to HS-DSCH over the voice channel.  This is done to mitigate the soft-handoff macro-diversity advantage for the voice channel and to account for differences in targeted FER.

Case 3: HS-DSCH and Uplink data 

Same as Case 2.
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� Note that there are 2 bits allocated for TPC.  Given a SF=512 only one bit is necessary for TPC.  The other bit could be used for supporting HARQ on the uplink.





