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Introduction

This contribution shows simulation results based on the absolute and relative grant control channel structure as agreed for EUL.

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 time interval of a UE. The scheduling interval is the time interval over which the UE is permitted to transmit.  It is a 1-bit value which represent whether the grant is for one TTI or ‘t’ TTI.  ‘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.

Downlink Control Channel Design for HSUPA:

Figure 1 shows one instance of a scheduling cell downlink coding structure used for ‘Rate control’ scheduling. The proposed downlink structure supports per UE ACK and dedicated Relative Grant (RG) channels, and a common (for all UEs) RG 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. There is a single size 128 OVSF channelization code associated with the structure which supports 19 UEs or up to 39 if the per UE RG 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 RG bit channels and a common 40-bit Hadamard orthogonal sequence known by all UEs for the Relative Grant (up/down 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. 

Figure 2 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 128) OVSF channelization code corresponding to an instance of this structure at each of their non-scheduling active set cells. A structure supports 40 UEs and a single corresponding channelization code is assigned at soft/softer handoff, call origination/setup, or active cell handover. A 40-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 common RG channel common to all UE’s is used to indicate cell overload.

System Simulation

System simulation was run based on the control channel structure described in the previous section.  Common AG and RG channels are used to implement the rate control scheme proposed in [4]. In addition, Dedicated RG channels are used to control the fairness between UEs on a per TTI basis.  

Simulation results for comparing the performance and fairness are given in Table 1 and Figure 1. Full-buffer traffic is simulated with mixed Pedestrian B and Vehicle A channels. As shown in Table 1, by using the dedicated RG channel, we achieve much smaller outage probability and slightly lower sector and user throughput. The RoT performance remain the same. Figure 1 shows that better fairness among UEs is obtained by controlling the fairness through dedicated RG channel.  It was observed from the simulation that only a subset of dedicated RG channel was sending the up/down command every scheduling interval.
Table 1 Performance comparison with and without Fairness control (FC) using dedicated RG channel: Full Buffer.

	
	Sector throughput
	User throughput
	Mean RoT
	Std  RoT
	Outage Probability

	10 UE/sector w/o FC
	1766 Kbps
	179.2 Kbps
	7.24 dB
	0.71 dB
	1.1%

	10 UE/sector w/ FC
	1621 Kbps
	163.8 Kbps
	7.06 dB
	0.59 dB
	0.18%

	20 UE/sector w/o FC
	1431 Kbps
	71.9 Kbps
	7.18 dB
	0.25 dB
	9.9%

	20 UE/sector w/ FC
	1222 Kbps
	61.3 Kbps
	7.20 dB
	0.29 dB
	1.1%
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Figure 1 Fairness comparison with and without Fairness control using dedicated RG channel: Full Buffer.

Conclusion

Based upon the simulation results, we show that both the common AG and RG control can be used to implement the rate control scheme proposed in [4] and, in addition, the dedicated RG control can be used to further control the fairness among UEs.
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Figure 1 – Serving cell downlink coding structure supports 19 users in ‘rate control’ mode or up to 39 users if the per UE RG channels are not assigned
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Figure 2 – Non-Serving cell downlink coding structure for 40 users.

ANNEX B: 40-bit Hadamard sequences
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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
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