3GPP TSG RAN WG1 #42 on LTE                                            R1-050701 
London, UK, August 29 - September 2, 2005

Source: 

NTT DoCoMo, Fujitsu, NEC, SHARP
Title:
Channel-Dependent Scheduling Method for Single-Carrier FDMA Radio Access in Evolved UTRA Uplink

Agenda Item:

10.3

Document for:
Discussion and Decision
1. Introduction
At the RAN1 adhoc meeting (Sophia Antipolis), a joint contribution on radio access was presented for the Evolved UTRA [1]. In the contribution, we proposed single-carrier based FDMA radio access prioritizing its low peak-to-average power ratio (PAPR) feature. We also proposed two candidates as channel-dependent packet scheduling methods for the single-carrier FDMA in the uplink　 [2]. This contribution investigates the multiuser diversity effect of channel-dependent packet scheduling methods for single-carrier FDMA radio access in a frequency-selective fading channel in the uplink.

2. Channel-Dependent Packet Scheduling Algorithm
2.1. Outline and assumption in the contribution

In this contribution, we consider the following two types of channel-dependent packet scheduling methods as shown in Fig. 1. Note that we focus on only channel-dependent scheduling, i.e., without considering QoS and other factors in the contribution, since the difference between the two types of scheduling methods is not related to these factors.

(1) Frequency and time domain channel-dependent scheduling
The entire channel bandwidth is divided into several frequency blocks (chunks hereafter). The optimum chunk and sub-frame are assigned to each set of UE based on the channel-dependent scheduling algorithm. In assigning the optimum UE to each chunk at each sub-frame, all UEs must transmit reference signals, e.g., pilot channels, from all chunks at each sub-frame in advance. 

(2) Time domain scheduling using a pre-assigned frequency bandwidth
The entire bandwidth is divided into multiple chunks. One or a multiple-chunk bandwidth is pre-assigned to each UE according to the data rate of each UE and the traffic distribution in the same cell. Then, channel-dependent scheduling in the time domain is performed using the pre-assigned frequency bandwidth. Here, pre-assigned bandwidth doesn’t mean to exclude the dynamic transmission bandwidth. Dynamic transmission bandwidth according to the amount of the data of each UE is necessary, but channel variation of the frequency domain is not taken into account for the transmission bandwidth
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(1) Frequency and time domain channel-dependent scheduling
(2) Time domain scheduling using the pre-assigned frequency bandwidth
Figure 1 – Channel-dependent scheduling algorithms

In both cases, we assume the following conditions.

· We do not consider the data rate of each UE, i.e., we set no restriction on the number of assigned chunks for each UE
· We assume single-carrier signal assignment regardless of the assigned frequency bandwidth. Therefore, we do not allow multicarrier assignment. This is to preserve the benefits from the low PAPR feature of single-carrier radio access.
2.2. Detailed algorithm of frequency and time domain channel-dependent scheduling

Figure 2 shows the algorithm for the frequency and time domain channel-dependent scheduling. 

(1) Node B measures the received signal-to-interference plus noise power ratio (SINR) as a priority function at each chunk for all UEs.

(2) Then, the measured priority functions for all UEs at all chunks are ranked in descending order from the highest. In the example in Fig. 2, the received SINR at Chunk 4 of UE A is the highest for the target sub-frame.

(3) From the ranking results, the UE providing the highest priority function is tentatively assigned to each chunk.
(4) We focus on the UE with the highest ranking. Thus, the chunk is assigned to the UE with the highest priority function. In the example, Chunk 4 is assigned to UE A. We observe the neighboring chunks to see whether or not the UE with highest priority (UE A in the example) is ranked as the highest. In the example, UE A is the highest ranking UE at Chunks 3 and 5. Therefore, Chunks 3 and 5 are also assigned to UE A. UE A is also the highest ranking UE at Chunk 8. However, Chunk 8 is not assigned to UE A due to the restriction of single-carrier signal assignment.

(5) Then, we check whether or not all chunks are assigned. If the condition is satisfied, the channel-dependent scheduling operation is finished in the target sub-frame. Otherwise, the assigned UE and assigned chunks are removed from the ranking list. Then, the priority function for the remaining UEs and chunks are re-ranked (the same operation as in (2)-(4) are repeated). 

As mentioned earlier, each chunk is not necessarily assigned to the optimum UE that provides the highest priority function for the chunk due to the single-carrier signal assignment. Accordingly, the maximum multiuser diversity effect is not gained in this case.
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Figure 2 – Operational flow of frequency and time domain channel-dependent scheduling

2.3. Detailed algorithm of time domain channel-dependent scheduling with pre-assigned frequency band width

Figure 3 indicates the operation of the time domain channel-dependent scheduling using a pre-assigned frequency bandwidth. In this case, each sub-frame in the time domain is assigned to the optimum UE in the pre-assigned frequency bandwidth.
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Figure 3 – Operational flow of time domain scheduling using pre-assigned frequency bandwidth

3. Simulation Conditions

We investigated the multiuser diversity effect for two types of channel-dependent scheduling methods assuming single-carrier FDMA access based on system-level simulations. Table 1 lists the radio parameters assumed in the simulations based on [3]. We assume that 8.192 MHz of the 10-MHz channel bandwidth are occupied. We assume a 19-cell configuration, where each cell has three sectors. We set the cell radius to 289 m. However, we assume that the minimum distance between the cell site and the UE is 35 m [4]. We employed the following combination of modulation and coding rates in the Turbo code: QPSK with R = 1/3, 1/2, and 2/3, and 16QAM with R = 1/2, 2/3, 3/4, and 8/9. We optimized the MCS selection threshold according to the following procedures. (1) Throughput performances for the respective MCSs are plotted as a function of the instantaneous received SINR, i.e., received SINR over one chunk at a sub-frame, in the link-level simulations. (2) In the throughput performance, the thresholds for selecting the optimum MCSs are decided so that the throughput is maximized (in the link-level simulation). (3) Based on the system-level simulations, the sector throughput is calculated. We set the control delay of the channel-dependent scheduling and link adaptation to 4 TTIs (=2 msec). In the channel-dependent scheduling, we employed the Proportional fairness criterion assuming a full queue buffer model.
(Note) In this contribution, we define a cell within the same Node B as a sector.
Table 1 – Simulation Parameters

	Parameter
	Assumption

	System bandwidth
	10 MHz

	Sub-frame length
	0.5 msec

	Cellular layout
	19-cell (3-sector / cell)

	Cell radius
	289 m

	Maximum MS transmission power
	24 dBm ( –54 dBm/Hz)

	Distance dependent path loss
	128.1+37.6log10(r)

	Penetration loss
	20 dB

	Shadowing standard deviation, correlation
	8 dB, 0.5/1.0 (between cells/sectors)

	Channel model
(Maximum Doppler frequency)
	6-path GSM Typical Urban
(5.55 Hz)

	MCS sets
	QPSK (R = 1/3, 1/2, 2/3),
16QAM (R = 1/2, 2/3, 3/4, 8/9)

	Control delay (scheduling, AMC)
	2.0 msec

	Number of BS receiver branches
	2 branches

	Traffic model
	Full queue model

	Channel dependent scheduling algorithm
	Proportional Fairness


4. Simulation Results
Figure 4 shows the sector throughput employing the two types of channel-dependent scheduling methods as a function of the number of UEs per sector without transmission power control (TPC), i.e., the UE transmits a shared data channel with a constant power density per hertz. In the figure, the chunk bandwidth is a parameter from 0.3125 to 10 MHz. The figure shows that when the chunk bandwidth is less than approximately 5 MHz, the sector throughput using time domain channel-dependent scheduling is degraded particularly for the number of UEs per sector of less than approximately 32. However, the figure also shows that the sector throughput using 2-dimensional channel-dependent scheduling is almost identical to that of the time domain channel-dependent scheduling when the chunk bandwidth is greater than approximately 5 MHz. In the frequency and time domain channel-dependent scheduling, the improvement in the sector throughput according to the decrease in the chunk bandwidth is slight even for a lot of UEs per sector. This is explained as follows. Figure 5 shows the relative received signal power variations of four UEs in the frequency domain for the r.m.s. delay spread of 1.06 µsec (TU channel model). We see that the probability in which multiple chunk bandwidths are assigned to the same UE is high as shown in Fig. 5. In this situation, the multiuser diversity effect cannot be obtained unlike in OFDM radio access. First, as shown in Fig. 5, although there are five chunk-bandwidth blocks where UE C provides the highest received signal level, only one of the five chunk-bandwidth blocks is assigned to UE C due to the restriction of single-carrier signal assignment. Second, when multiple chunk bandwidths are assigned to the one UE, the same MCS is used because we assume single-carrier signal with a wide bandwidth. In OFDM radio access, the optimum MCS can be used according to the received signal level (received SINR) at each chunk.  Thus, from Fig. 4, we find that the chunk bandwidth is approximately 5-10 MHz, the sector throughput is maximized both for frequency and time scheduling and time domain scheduling, and that the difference between the two types of channel-dependent scheduling methods is small from the viewpoint of the achievable sector throughput.
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Figure 4 – Sector throughput using channel-dependent scheduling methods 

(Without TPC)

[image: image5.wmf]-20

-15

-10

-5

0

5

10

0

2

4

6

8

10

32

B

B

B

Relative receved signal power (dB)

Frequency (MHz)

UE A

UE B

UE C

UE D


Figure 5 – Instantaneous received signal power profiles in the frequency domain


Figure 6 indicates the sector throughput employing the two types of channel-dependent scheduling methods as a function of the number of UEs per sector with TPC. Here, we assume slow TPC, which tracks distance-dependent path loss and the shadowing variation, i.e., instantaneous fading variation remains. Figures 6(a), 6(b), and 6(c) show the sector throughput for the target SINR of 20, 10, and 0 dB, respectively. Figure 6(a) shows that the sector throughput with the target SINR of 20 dB is almost identical to those without TPC. This is because such a high target SINR represents almost the same condition as full power transmission. We can observe the same tendencies for the gains of respective channel-dependent scheduling methods.  Next, by setting the target SINR to 10 dB as in Fig. 6(b), the sector throughput is increased compared to those with the target SINR of 20 dB. This is because by employing the near optimum target SINR, the excessive transmission power is suppressed. Accordingly, the interference to the surrounding cells is reduced. Figure 6(b) shows that for the chunk bandwidth of 5 MHz, the difference in the sector throughput between the frequency and time and time domain channel-dependent scheduling methods is only within 0.5 Mbps, when there are few sets of UE. Furthermore, we find that even when the chunk bandwidth becomes narrower, the achievable sector throughput is decreased conversely. Finally, the sector throughput with the target SINR of 0 dB is significantly degraded compared to those with the target SINR of 10 and 20 dB.   
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(a) Target SINR of 20 dB
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(b) Target SINR of 10 dB
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(c) Target SINR of 0 dB

Figure 6 – Sector throughput using channel-dependent scheduling methods 

(With slow TPC)

From the system-level simulations, we obtained following results.

· Frequency and time domain channel-dependent scheduling

· When the number of UEs per sector is small, the sector throughput is reduced according to the decrease in the chunk bandwidth and, the sector throughput is almost maximum with the chunk bandwidth of approximately 5- 10 MHz, due to a small multiuser diversity effect. 

· Even when the number of UEs is large, the improvement in the sector throughput by decreasing the chunk bandwidth is not observed. 

These results are mainly caused by the restriction of the single-carrier transmission such that the optimum MCS at each chunk is not used and that the separated chunks are not assigned simultaneously since multicarrier transmission is not allowed.

· Time domain channel-dependent scheduling using the pre-assigned chunk

· When the chunk bandwidth is narrow, the sector throughput is much lower than that for frequency and time domain channel-dependent scheduling due to the small number of UEs per chunk.
· However, when the chunk bandwidth is approximately 5-10 MHz, the achievable sector throughput is almost the same as that of the frequency and time domain channel-dependent scheduling.
· Transmission power control

· Slow TPC is beneficial in decreasing the excessive transmission power, i.e., interference to other cells.
5. Conclusion

This contribution clarified the multiuser diversity effects of frequency and time domain channel-dependent scheduling and time domain channel-dependent scheduling with pre-assigned frequency bandwidth for single-carrier FDMA radio access based on system-level simulations. The simulation results showed the following.

· In the frequency and time domain channel-dependent scheduling, the improvement in the sector throughput by decreasing the chunk bandwidth is small even for a lot of UEs in a sector due to the restriction of single-carrier signal assignment. Accordingly, almost the maximum sector throughput is gained when the chunk bandwidth is approximately 5 -10 MHz.

· In the time domain channel-dependent scheduling, almost the identical sector throughput is achieved for the chunk bandwidth of 5 -10 MHz, although it is decreased according to the reduction in the chunk bandwidth due to the decreasing multiuser diversity effect.

Furthermore, a reference signal (pilot channel) must be transmitted from multiple chunks for CQI measurement at a Node B in advance in the frequency and time domain channel-dependent scheduling. However, the insertion loss of the reference signal overhead was not considered in the contribution. In conclusion, time domain channel-dependent scheduling using the pre-assigned frequency bandwidth is superior to frequency and time domain channel-dependent scheduling in uplink single-carrier FDMA radio access, i.e., the additional merit to use frequency domain channel-dependency is small. The above-mentioned chunk bandwidth is optimized only from the multiuser diversity effect in channel-dependent packet scheduling. Thus, it doesn’t mean to exclude the dynamic transmission bandwidth. Dynamic transmission bandwidth according to the amount of the data of each UE is necessary, but channel variation of the frequency domain is not taken into account for the transmission bandwidth.
6. Text Proposal (Section 9.1.2.2 in TR25.814)

---------------------------------------- Start of Text Proposal --------------------------------------------------

9.1.2.2 Scheduling

For uplink data transmission in the scheduled access, time domain channel-dependent scheduling using a pre-assigned frequency bandwidth should be considered. In this scheme, as shown in Fig. 1, the entire bandwidth is divided into multiple chunks. One or a multiple-chunk bandwidth is pre-assigned to each UE according to the data rate of each UE and the traffic distribution in the same cell. Then, channel-dependent scheduling in the time domain is performed using the pre-assigned frequency bandwidth.
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Figure 1 – Time domain channel-dependent scheduling using a pre-assigned frequency bandwidth

The above-mentioned chunk bandwidth is optimized only from the multiuser diversity effect in channel-dependent packet scheduling. Thus, it doesn’t mean to exclude the dynamic transmission bandwidth. Dynamic transmission bandwidth according to the amount of the data of each UE is necessary, but channel variation of the frequency domain is not taken into account for the transmission bandwidth. 

---------------------------------------- End of Text Proposal --------------------------------------------------
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