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Introduction

This contribution proposes uplink control channel design for both 2ms and 10 ms TTI.

Uplink Control Channel Design:

Table 1 summarizes the bit requirements for control channel design for Enhanced Uplink based on discussions in 3GPP WG1 meeting #38 in Prague.

Table 1 - Bit Requirements for UL HSUPA channels

	Information
	# Information bits
	Nslots
	Field Description

	TXI
	1
	3/1
	TXI(1)

	TFRI
	9
	3
	MCS(5)+NDI(2)+Rsrv (1)

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


Scheduling Information (SI)

· PMI – power margin indicator, e.g. max power to DPCCH ratio

· BOI – indicates queue depth and/or queue rate of fill

Transport Format Related Information (TFRI)

· NDI – new data indicator, 2 bits

· MCS – E-TFC indicator, 5 bits

· IR version – combined with NDI (or E-TFC indicator)

Transmission Indicator (TXI) – 

· For 2ms TTI, or 10ms TTI with code multiplexed E-DPCCH (not required for 10ms TTI with time multiplexed E-DPCCH).

· 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.

The Transmission Indicator TXI allows node Bs to efficiently manage their resources when time and rate scheduling is employed. This is particularly important for UEs in SHO that are being served
 from different node Bs.  With the TXI, only E-DPCCH resources need to be supported for the majority of non served UEs. Resources for E-DPDCH only need to be provided for a few users at a time that are time and rate scheduled from surrounding node Bs. The TXI is sent in advance in order to give the node B time to assign the required processing resources to E-DPDCH. E-DPDCH resources can further be reduced by allowing non-serving Node-Bs to optionally assign these resources based on local SNR information. 

The following combinations of signalling are required to be supported in a TTI:

· TXI only (transmission of neither SI or TFRI is required)

· TXI+TFRI (transmission of SI not required, however E-DCH transmission occurs this TTI)

· TXI+SI (SI to be sent, no E-DCH transmission this TTI)

· TXI+TFRI+SI (necessary to allow a single UE to transmit continuously)

Note that it is assumed that transmissions of SI are periodic and established by higher layers and all active set node Bs have knowledge of when the SIs are transmitted. Therefore no detection of SI presence is required.

Figure 1 shows the coding structure for uplink control channel corresponding to 2ms TTI. The TXI, TFRI, and Scheduling Information is sent using the E-DPCCH at SF=128 where Figure 1 shows the TXI+TFRI only case, in which case the a R=1/3 Tail biting K=9 convolutional code is used. Figure 2 shows when both the TFRI and the Scheduling information are sent on the E-DPCCH as well as the TXI. An unused TFRI code word is used to indicate that there is no E-DCH transmission in the current TTI. Therefore in cases where only TXI is required, this is sent together with an unused TFRI codeword. It may be noted that in this case the information is coded using R=1/2 K=9 Tail biting convolutional code.  The algorithm for tail biting convolutional coding is given in Appendix-A.

An alternative for the case of 2ms TTI is to divide the E-DPCCH into two parts and to separately encode TFRI in part 1 and the SI in part 2, and to transmit the TFRI in 2ms TTI prior to the E-DCH transmission. In this way the TFRI also acts as an implicit TXI. 

Figure 3 and Figure 4 shows the structure of uplink control channel for 10 ms TTI.  In this figure the 2ms E-DPCCH is time-multiplexed with 8ms E-DPDCH.  That is, in the first 3 slots the E-DPCCH is transmitted and for the last 12 slots the E-DPDCH is transmitted.  The gain factors for the E-DPCCH and E-DPDCH are set independently as shown in the Figure 2. In the case of time multiplexed E-DPCCH, the explicit TXI is not required. Instead the E-DPCCH is divided into part 1 and part 2 (similar to HS-SCCH) which are encoded separately. Part 1 occupies 2 slots and carries TFRI (which acts as an implicit TXI) and CRC. Part 2 carries SI only). This structure provides time for the node B to assign resources for processing of E-DPDCH in advance. This is particularly important in SHO for efficiently handling UEs that are not being scheduled by the node B (i.e. a non-serving Node-B), so that processing resources are not required for E-DPDCH for all UEs all the time.

Figure 5 shows an alternative structure of uplink control channel for 10 ms TTI.  In this figure the 2ms E-DPCCH is code-multiplexed with 10ms E-DPDCH. The 2ms E-DPCCH can be transmitted up to 5 times. The scheme is similar to HARQ with Chase combining with early termination.  The decoding structure of this scheme is shown in Figure 6.  It may be noted for this option that for time and rate scheduling a 1 bit Ack/Nack bit is transmitted every 2ms as part of the downlink absolute grant payload and therefore would be CRC protected. This also allows the UE to know when its E-DPCCH transmissions are good and could be used by the UE in determining how much power to use on a subsequent E-DPDCH retransmission.
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Figure 1 - Uplink Coding Structure for 2 ms TTI using E-DPCCH. TXI and TFRI sent (no SI).
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Figure 2. Uplink Coding Structure for 2 ms TTI using E-DPCCH. TXI, TFRI and SI sent.
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Figure 3. Uplink Coding Structure for 10 ms TTI using E-DPCCH with 10 ms TTI and time-multiplexed E-DPCCH and E-DPDCH
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Figure 4.  Uplink Coding Structure for 10 ms TTI using 2ms E-DPCCH time-multiplexed with 8 ms E-DPDCH
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Figure 5.  Uplink Coding Structure for 10 ms TTI using E-DPCCH with 10 ms TTI and code-multiplexed E-DPCCH and E-DPDCH
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Figure 6.  Decoding structure for code multiplex option for 10 ms TTI

Conclusions:

A simplified uplink control channel structure for both 2ms and 10ms TTI was presented. A new transmit indicator (TXI) was introduced in the E-DPCCH payload to reduce Node-B E-DPDCH resource requirements. If the power offset relative to the DPCCH is -6dB for the 10ms TTI E-DPCH code-multiplexing option then it is preferred over the time-multiplexing option. Otherwise to minimize PAR/CM for the E-DPDCH, E-DPCCH, DPCCH configuration and the E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH configuration the E-DPCH time-multiplexing option is preferred.
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ANNEX A – Tail Biting Algorithm using Viterbi Decoder

1. Initialization: Set the initial state metrics [image: image7.wmf]]
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2. Viterbi iterations: Run the Viterbi algorithm on the sequence of K soft symbols [image: image8.wmf]v
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3. Traceback to determine initial state: Determine [image: image12.wmf])
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 to determine the most likely starting state which is the state at the first node from the traceback.  Denote this state as [image: image14.wmf]S
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4. Traceback to obtain information symbols: Obtain the information symbol by tracing back from [image: image15.wmf]S
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� A serving cell is an active set cell that a UE receives grants or other scheduling signaling from. Active set handoff is used to transfer ‘serving cell’ status to a different active set cell with the assumption that there is only one serving cell per TTI for a given UE.
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