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Introduction

This contribution proposes a harmonized downlink control channel design for both 2ms and 10 ms TTI and both ‘time and rate’ and ‘rate control’ scheduling based on discussions in 3GPP WG1 meeting #38 in Prague and [1]. Both ‘time and rate’ and ‘rate control’ scheduling are supported using the described downlink signaling structure in such a way that the number of channelization codes a UE must monitor is minimized.
Scheduling Modes

‘Time and Rate’ scheduling refers to the case where an active set Node-B sends scheduling grants to control the rate or power level and the scheduling interval of a UE. The scheduling interval is the time interval over which the UE is permitted to transmit or the number of outstanding packets allowed. ‘Rate control’ scheduling refers to the case when an active set Node-B uses signaling to control some UE attribute or parameter that a UE uses to determine its transmission rate or power level with the transmission start time and duration left up to the UE.

Figure 1a shows the instantiations of the downlink control channels needed to support a HSUPA cell using ‘Rate control’ scheduling.  Figure 1b shows  the instantiations of the downlink control channels needed to support a HSUPA cell using ‘Time and Rate’ scheduling.  Figure 1c shows the instantiations of the downlink control channels needed to support HSUPA cell using both ‘Rate control’ and ‘Time and Rate’ scheduling.  UEs are either assigned the ‘Rate control’ or the ‘Time and Rate’ signaling structure channelization code on active set handoff or when entering the active (CELL_DCH) state. Finally, Figure 1d shows the instantiations of the downlink control channels needed to support HSUPA cell using both ‘Rate control’ and ‘Time and Rate’ scheduling with a composite scheduling cell signaling coding structure (see Figure 8).

Downlink Control Channel Design for HSUPA:

Figure 2 shows one instance of a scheduling cell downlink coding structure used for ‘Rate control’ scheduling. The proposed downlink structure supports per UE ACK and Busy bit channels, and a global (for all UEs) Relative Grant downlink channel and a global Busy bit channel.  This structure is for UEs scheduled by a given cell. That is, if the cell is a scheduling cell for a UE then the UE is assigned to use this structure to access downlink information necessary to support uplink communications over the E-DPCH. The Busy bit channels are useful for a ‘rate control’ scheduling cell to control the maximum number of UEs that can transmit per TTI and to constrain the maximum amount of Node-B channel resources needed. Active set handoff is used to transfer ‘scheduling cell’ status to a different active set cell with the assumption that there is only one scheduling cell per UE. There is a single size 128 OVSF channelization code associated with the structure which supports 19 UEs or up to 38 if the per UE busy bits are not assigned. There may be multiple (2 or 3) instances of this structure per cell, as needed, but UE’s scheduled by the cell will be assigned a single corresponding OVSF channelization code to monitor at active cell handoff, or at soft/softer handoff, or upon UE call origination/setup for the cell.  Upon call origination/setup, or at soft/softer handoff, or at active cell handoff to a new scheduling cell, each UE is also assigned a unique 40-bit Hadamard orthogonal sequences for its corresponding ACK and Busy bit channels and a common 40-bit Hadamard orthogonal sequence known by all UEs for the Relative Grant (up/down bit) channel and another for the global Busy bit channel.  Each sequence to be transmitted, is repeated over 3 slots of a 2ms TTI and summed with the other sequences. The sum is then spread with a (size 128) OVSF channelization code followed by QPSK modulation and scrambling.  A 40-bit sequence is preferred over a 20-bit in this case fewer channelization codes must be maintained.
Figure 3 shows one instance of the non-scheduling cell downlink coding structure for supporting multiple ‘per UE’ ACK channels. This structure is used by UEs not scheduled by a given active set cell. Hence, UEs only monitor a single (size 256) OVSF channelization code corresponding to an instance of this structure at each of their non-scheduling active set cells. A structure supports 20 UEs and a single corresponding channelization code is assigned at soft/softer handoff, call origination/setup, or active cell handover. A 20-bit Hadamard orthogonal code corresponding to a single ACK channel is also assigned to each UE by the non-scheduling cell at active set handoff or upon soft/softer handoff. A UE’s assigned 20-bit Hadamard sequence is transmitted for an ACK and not transmitted for a NACK. Note the 20-bit sequence is preferred over the 40-bit sequence in this case since better ACK/NACK coverage is achieved.  Also techniques exist to minimize the number of non-scheduled users a cell must support.
Figure 4 shows the coding structure of one instance of an Absolute Grant (AG) channel which is used for Node-B scheduling of UE uplink transmissions for a ‘Time and Rate’ scheduling cell. The absolute grant channel is mainly used to signal the UE’s rate or power limit information and a proscribed scheduling time interval over which the UE may transmit. The AG information (e.g. DPR, CACK, NOP, and AGI) is sent on the AG channel for a specific UE. The AG information is coded using K=9 Tail biting convolutional code.  The algorithm for tail biting convolutional coding [7] is given in Appendix-A.

Figure 5 shows two sets of four absolute grant (AG) channels allocated per cell with each channel having a corresponding size 256 OVSF channelization code. One of a cell’s AG channel sets (along with the corresponding channelization codes) is assigned to a UE when the cell becomes the scheduling cell due to an active set handoff or call origination/setup. 

Figure 6 shows the H-RNTI color coding scheme used with the AG. Each AG channel is color coded by a unique UE ID (H-RNTI) to allow the UE to determine whether it is the target of a transmitted grant. 

Figure 7 shows instance of another scheduling cell downlink coding structure for ‘Time and Rate’ scheduling cell used in conjunction with the AG channels. The proposed downlink structure supports the scheduling cell’s per UE ACK channels. There is a single size 128 OVSF channelization code associated with each instantiation of the structure which supports up to 40 UEs. There can be multiple (e.g. 2 or 3) instances of this structure for a cell but UE’s scheduled by the cell will be told which OVSF code to monitor at active cell handoff.  During the active cell handoff to the new scheduling cell, each UE is also assigned unique 40-bit Hadamard orthogonal sequences for its corresponding ACK channel.  Each sequence to be transmitted, is repeated over 3 slots of a 2ms TTI and summed with the other sequences. The sum is then spread with a (size 128) OVSF channelization code followed by QPSK modulation and scrambling. 

Figure 8 shows a possible hybrid scheduling cell coding structure supporting UEs in either ‘rate control’ or ‘time and rate’ scheduling mode.  In this case one channelization code provides a structure that supports both ‘rate control’ and ‘time and rate’ scheduled UEs.
Table 1 summarizes the bit requirements for the AG channel and describes the other bits and fields for the downlink coding structures.
Table 1 - Bit Requirements for DL HSUPA channels
	Information
	# Information bits
	Nslots
	Field Description

	Absolute Grant
	10
	3
	(T+R): DPR(5)+ NOP(2)+CACK(1)+AGI(2)

	Relative Grant
	1
	3
	(Rate): Global Up/Down bit for all UEs

	ACK/NACK
	1
	3
	(Both): Per UE ACK/NACK bit 

	Busy Bit
	1
	3
	(Rate): Per UE busy bit or global busy bit

	
	
	
	


Absolute Grant (AG)

· DPR – maximum data to pilot ratio, e.g. max power to DPCCH ratio.
· CACK – control channel ACK/NACK for previous 2ms E-DPCCH transmission. Used for E-DPCCH power control. Also allows for early termination for repeated 2ms E-DPCCH transmissions used to achieve effective 10ms TTI for code multiplexed E-DPCH case [6].
· NOP – #of outstanding packets (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, 4-infinite(rate control mode))

· AGI – absolute grant indicator which is used to indicate which of four AG channelization codes a UE should monitor and decode on subsequent 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 [2], Rate coefficient change [3], Rise over thermal margin change [4], or Rise over thermal – Threshold change [5]).
Busy Bit
· busy bit - inhibits UE transmission with rate control scheduling and allows control of maximum E-DPDCH resource requirements. 
In the proposal the number of outstanding packets per scheduling grant is controlled by the 2-bit ‘number of outstanding packet’ (NOP) field and can be 1, 4, 6, or unlimited.  For time and rate scheduling this allows for effectively different scheduling intervals where the unlimited case means a UE goes into rate scheduled mode and uses the global relative grant (up/down) bit to control its E-TFC selection and the busy bit to enable or disable transmission. Once in ‘rate scheduled’ mode a UE remains in that mode until it leaves the CELL_DCH (active) state which typically occurs when an inactivity timer expires due to their being no data left to transmit.  When entering the CELL_DCH state a UE will be assigned to be in either ‘time and rate’ or ‘rate control’ scheduling mode.
Conclusion

A harmonized downlink control channel structure for ‘rate control’ and ‘time and rate’ scheduling has been proposed supporting both 2ms and 10ms TTI E-DPCH. For the given HSUPA downlink signaling structure, a ‘rate control’ scheduled UE only needs to monitor one channelization code per active set scheduling cell and fewer for a non-scheduling active set cell depending on the cell’s CPICH Ec/Io level. A ‘time and rate’ scheduled UE must monitor only two channelization codes from the scheduling cell and one or zero channelization codes per non-scheduling active set cell. Finally, a  purely ‘time and rate’ scheduling system requires about 8/256 more code space than a ‘rate control’ scheduling system due to the Absolute Grant channelization code overhead (8 size 256 codes).
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Figure 1a – Per cell ‘Rate Control’ downlink signaling coding structures with only one structure (channelization code) assigned per UE.
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Figure 1b – Per cell ‘Time and Rate’ downlink signaling coding structures with one structure (channelization code) and one AG channel set assigned per UE.
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Figure 1c – Per cell ‘Rate control” and ‘Time and Rate’ downlink signaling coding structures allowing either or both scheduling modes to be supported for the same cell.
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Figure 1d – Hybrid downlink signaling coding structure allowing both scheduling modes (‘Rate control’ and ‘Time and Rate’) to be supported for the same cell
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Figure 2 – Serving cell downlink coding structure supports 19 users in ‘rate control’ mode or up to 38 users if the per UE Busy bit channels are not assigned
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Figure 3 – Non-scheduling cell downlink coding structure supports 20 users.
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Figure 4 - Downlink Coding Structure for 2 ms TTI Absolute Grant.
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Figure 5 – Two sets of four Absolute Grant (AG) channels
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Figure 6 - AG channel masking (color coding), encoding, and puncturing
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Figure 7 – Serving cell downlink coding structure for 40 users in ‘Time & Rate’ mode.
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Figure 8 – Serving cell Hybrid coding structure for ‘Rate control’ & ‘Time & Rate’ mode.

ANNEX A – Tail Biting Algorithm using Viterbi Decoder

1. Initialization: Set the initial state metrics [image: image12.wmf]]
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ANNEX B: 40-bit Hadamard sequences

[image: image21.emf]1 2 3 4 5 6 7 8 910111213141516171819202122232425262728293031323334353637383940

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

21 -1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1

31 -1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1 1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1

41 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1

51 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1

61 -1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1

71 -1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1 1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1

81 -1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1 1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1

91 -1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1 1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1

101 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1

111 -1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1

121 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1

131 -1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1

141 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1

151 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1

161 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1

171 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1

181 -1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1

191 -1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1 1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1

201 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1

211 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

221 -1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1 1 1-1-1 1 1 1 1-1 1-1 1-1-1-1-1 1 1-1

231 -1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1-1-1 1 1 1 1-1 1-1 1-1-1-1-1 1 1-1 1

241 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1-1-1-1 1 1 1 1-1 1-1 1-1-1-1-1 1 1-1 1 1

251 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1-1-1 1 1 1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1

261 -1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1 1 1 1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1

271 -1-1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1 1 1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1 1

281 -1-1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1 1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1 1 1

291 -1 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1 1 1 1

301 1-1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1-1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1 1 1 1 1

311 -1 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1 1 1 1 1-1

321 1-1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1-1-1 1-1-1-1-1 1 1-1 1 1-1-1 1 1 1 1-1 1

331 -1 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1 1 1 1 1-1 1-1

341 1 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1-1-1-1-1-1 1 1-1 1 1-1-1 1 1 1 1-1 1-1 1

351 1 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1-1-1-1-1 1 1-1 1 1-1-1 1 1 1 1-1 1-1 1-1

361 1 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1-1-1-1 1 1-1 1 1-1-1 1 1 1 1-1 1-1 1-1-1

371 1-1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1-1-1 1 1-1 1 1-1-1 1 1 1 1-1 1-1 1-1-1-1

381 -1-1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1 1 1-1 1 1-1-1 1 1 1 1-1 1-1 1-1-1-1-1

391 -1 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1 1-1 1 1-1-1 1 1 1 1-1 1-1 1-1-1-1-1 1

401 1-1-1 1 1-1-1-1-1 1-1 1-1 1 1 1 1-1-1-1-1 1 1-1-1 1 1 1 1-1 1-1 1-1-1-1-1 1 1


ANNEX C: Timing Diagrams
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Figure C1 – Timing for ‘Time and Rate’ Scheduling – UL DPCH
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Figure C2 – Timing for ‘Rate control’ Scheduling – UL DPCH
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