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Introduction

Signalling in the uplink, downlink and within the UTRAN (Iub) is required to support scheduling, transmission and successful reception of data transported via an Enhanced Uplink Channel.  In addition specific signalling is also required for SHO cases. Signalling must efficiently support different scheduling strategies and the HARQ function used in HSUPA along with 2ms and 10ms TTI E-DPDCH.  
Uplink HSUPA signalling
Uplink signalling is required to support scheduling and HARQ.  The UE must indicate the amount of data available to transmit and its ability to transmit.  In addition, to enable the Node B to correctly receive the data transmitted on the EDCH, the UE must provide transport format information as well as related HARQ information. It may be noted that E-DPCCH is code multiplexed for both 2ms and 10 ms TTI.  In case of 10 ms TTI, one of the possibilities is 5 times repetition of the 2ms structure.  Table 1 summarizes the bit requirements for HSUPA [1] control channels.

Table 1 - Bit Requirements for UL HSUPA channels

	Information
	# Information bits
	Nslots
	Field Description

	TXI
	1
	3/1
	TXI(1)

	TFRI
	9
	3
	MCS(6)+RSN(2)+Rsrv (1)

	Scheduling Info
	10
	3
	PSI(5)+BOI(3)+Rsrv (2)


Scheduling Information (SI)

· PSI – power status indicator, e.g. max power to DPCCH ratio
                  Or alternatively, supportable maximum E-TFC
· BOI – buffer occupancy indicator, indicates queue depth or queue rate of fill

Transport Format and Resource Information (TFRI)

· RSN – retransmission sequence number, 2 bits

· MCS – E-TFC indicator, 6 bits

· IR version – determined by RSN
Transmission Indicator (TXI) – 

· If set during 2ms period N, this indicates that a transmission will commence at 2ms period N+2.

· Alternatively TXI could be sent un-coded in the first slot. In this case, if the TXI is set during 2ms period N, it indicates that transmission will commence at 2ms period N+1.
· TXI used to overcome issues highlighted in the LS from RAN1 [3] related to efficient provision of Node B resources during soft handover. 
Downlink HSUPA signalling
Downlink signalling by the Node B is required to support different scheduling strategies and the HARQ function. ACK/NACK feedback is needed from each active set Node-B for a given UE and an efficient channel structure (e.g. Hadamard code structure) is needed to avoid channelization code overhead issues. It is assumed that a scheduling Node-B sends an absolute grant (AG) to start a given UEs packet transmissions after having received UE buffer occupancy and power status information. Relative grants are then used by the Node-B for subsequent control of the UE’s packet transmissions along with less frequent absolute grants. Exceptions to the above might occur in relation to minimum set definitions. In case of SHO, however, an issue arises in that only a single Node B issues absolute grants (the “serving” Node B). Non-serving Node Bs are not aware of the absolute grants being made in surrounding cells. A Node B would be required to process all UEs not being served by this Node B, all of the time. Potential approaches to mitigate this issue, while still retaining benefits of SHO has been discussed in [4]. It is assumed that relative grants would be sent using the same efficient code structure as the ACK/NACKs. Table 1 summarizes the bit requirements for the AG channel and describes the other bits and fields for the downlink coding structures. [2]
Table 2 - Bit Requirements for DL HSUPA channels

	Information
	# Information bits
	Nslots
	Field Description

	Absolute Grant
	10
	3
	DPR(5)+ NOP(2)+AGI(2)+Rsrv(1) (Scheduling cell)

	Relative Grant
	1
	3
	Global Up/Down bit for all UEs 
(Scheduling cell)

	ACK/NACK
	1
	3
	Per UE ACK/NACK bit 
(Scheduling + Non-scheduling cells)

	Busy Bit or Cell Overload
	1
	3
	Global busy bit or cell overload bit
(Non-scheduling cell)

	
	
	
	


Absolute Grant (AG)

· DPR – maximum data to pilot ratio e.g. max DPDCH+E-DPDCH power to DPCCH ratio.  OR max E-TFC – maximum transport format combination allowed. 
· NOP – #of outstanding packets allowed before a absolute grant is required (0-up to four transmissions of one packet with early termination, 1-up to four transmissions of three packets with early termination , 2-up to four transmissions of 6 packets with early termination, 3-infinite). Alternatively, the field could be defined to indicate a scheduling time interval instead of number of outstanding packets.
· AGI – absolute grant indicator which is used to indicate which of four AG channelization codes a UE should monitor and decode on the following transmissions of the AG for the current HARQ process ID.  This allows the UE to only have to monitor one AG code.

Relative Grant (RG)

· Global up/down bit (could reflect E-TFC change, Rate coefficient change, Rise over thermal margin change, or Rise over thermal – Threshold change). Requires less power than per UE relative grant.  Absolute grants could also be used along with the global RG to help achieve fairness. Sent on same efficient Hadamard structure as ACK/NACK.
Busy Bit / Cell Overload Bit
· busy bit or cell overload bit inhibits UE transmissions and allows some control of maximum E-DPDCH resource requirements.  For example, the Cell Overload bit might only be sent from non-scheduling active set cells to indicate to corresponding soft handoff UEs that they should reduce their rate/power. Sent on same efficient Hadamard structure as ACK/NACK.
Conclusion
In summary, it is proposed to discuss and agree on the signalling parameters needed to support HSUPA.
On the Uplink, the UE will have to signal to the Node B the Scheduling Information (Buffer Occupancy and Power Status Indicator) and the Transport Format and Resource Information (Retransmission Sequence number, Redundancy version, and E-TFC Indicator). In order to facilitate the Node B’s efficient use of resources it is proposed that the UE will signal a Transmission Indicator.

On the Downlink, depending on the scheduler strategy used, the order of arrival of the scheduling grant information required differs slightly. For example, absolute grants may be used more often and relative grants less often in some scheduling strategies such as those where multiple users simultaneously receive absolute grants for transmitting on the same scheduling interval (sometimes referred to as “Time and Rate” scheduling mode). Alternatively, some scheduling strategies would rely mainly on relative grants (or a global relative grant) which is sometimes referred to as ‘Rate control’ scheduling. Absolute grants could be composed of a max power or max TFC field (e.g. DPR field - max data power to pilot power ratio field), a maximum scheduling interval or maximum Number of Outstanding Packet field, and a Absolute Grant Indicator field. And of course a efficient control channel structure (e.g. Hadamard channel structure) is needed to send ACK/NACKs for HARQ feedback. For a “Rate Control” type scheduling strategy, the Relative Grant can be a global Up/Down bit.  A Busy Bit or Cell overload bit is also useful with such a scheduling strategy. 
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