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1. Introduction
At the RAN1#41 (Athens) and ad-hoc meetings (Sophia Antipolis), the macro diversity gain using inter-cell (inter-Node B hereafter) soft handover (SHO) for the uplink was presented in [1] and [2]. The simulation assumptions in the study item (SI) for the Evolved UTRA were approved at the ad-hoc meeting [3]. Therefore, this contribution presents investigations on the macro diversity effect by inter-Node B SHO assuming single-carrier FDMA radio access in the Evolved UTRA uplink [4] based on system-level simulations employing the approved simulation conditions. 

2. Inter-Node B SHO in Uplink

The improvements in the achievable data rate and frequency efficiency at the cell boundary are important requirements in the Evolved UTRA and UTRAN [5]. It was described in [1] and [2] that the user throughput in the uplink at the cell boundary (the user at the 5% cumulative distribution function (CDF)) using the inter-Node B SHO can be improved compared to that of the inter-Node B hard handover (HHO). Thus, we investigate the macro diversity gain obtained using the inter-Node B SHO from the HHO based on the same methodology in [1] and [2].

The difference between this contribution and [1] and [2] are described below.

(1) In [1] and [2], the normalized bit rate, i.e., user throughput, of one trial is calculated by converting the instantaneous received signal-to-interference plus noise power ratio (SINR) over one-TTI (transmission time interval) into the throughput using the Shannon formula. Thus, the user throughput corresponds to a condition assuming that one-sampled instantaneous received SINR would continue in the observation interval of the user throughput. In this contribution, one sample of the user throughput is calculated from the time-varying received SINR over multiple-TTIs as defined by 
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Thus, the time variation over the observation interval of user throughput is taken into account in the assumption. We consider that the assumption is more realistic than that presented in [1] and [2]. We set the averaging time for calculating the throughput (throughput observation duration) to 10 msec.

(2) In [1] and [2], adaptive modulation and coding (AMC) was not considered. However, in this contribution, we took into account AMC. Figures 1(a) and 1(b) show the selection methods for the modulation and coding schemes (MCSs) for inter-Node B SHO assumed in the contribution. In the scheme in Fig. 1(a), Node B with the highest average received signal level is selected, here average received signal level means the averaged level in the sense that the instantaneous fading variation is averaged, i.e., only distance-dependent path loss and shadowing variations remain. Therefore, the SHO UE must decode the MCS information only from the Node B selected in each sub-frame. Then, the SHO UE updates the MCS every sub-frame from one set of MCS information (hereafter MCS selection based on MCS information from one Node B). In the scheme of Fig. 1(b), the SHO UE decodes multiple sets of MCS information from multiple Node Bs in the active set. Then, the SHO UE selects and uses the most efficient MCS (higher modulation level and higher coding rate) among the MCS candidates for each sub-frame (hereafter MCS selection based on MCS information from multiple Node Bs). Thus, the decoding process at the SHO UE using the scheme in Fig. 1(b) is more complex than that for the scheme in Fig. 1(a). In contrast, we anticipate that the scheme in Fig. 1(b) provides higher user throughput than that in Fig. 1(a), since the optimum MCS from multiple candidates is selected for each sub-frame. We optimized the threshold value for selecting MCS based on the received SINR based on the system-level simulation.
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(a) MCS selection based on MCS information from one Node B 
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(b) MCS selection based on MCS information from multiple Node Bs
Figure 1 – MCS selection schemes
(3) In [1] and [2], hybrid ARQ was not considered. In the contribution, we consider the time diversity effect by Chase combining.

(4) In [1] and [2], channel-dependent packet scheduling was not considered, i.e., round robin scheduling was assumed. In the contribution, we consider the multi-user diversity effect by channel-dependent scheduling based on the Proportional fairness method.

(5) In the contribution, we follow the simulation parameters based on [3], which were agreed upon at the RAN1 adhoc meeting in June. 

3. Simulation Conditions

We compared macro diversity gains of inter-Node B SHO and HHO from the viewpoint of the user throughput. Table 1 lists the detailed simulation parameters following the simulation conditions in [3]. We assume a 19-cell configuration, where each cell has three sectors. We set the cell radius to 289 m.  Figures 2(a) and 2(b) show the decision methods of connecting Node B in HHO and SHO, respectively. As shown in Fig. 2(a), the handover execution time and hysteresis in HHO are set to 100 msec and 3 dB, respectively. Meanwhile, the add threshold and delete threshold in the SHO in Fig. 2(b) are set to 4 and 6dB, respectively, and the maximum size of active sets in SHO is three. We employed the 16 MCSs in the AMC as shown in Table 2 according to the following combinations of modulation and coding rates in the Turbo codes: QPSK with R = 1/8, 1/6, 1/4, 1/3, 1/2, and 2/3, and 16QAM with R = 1/2, 2/3, 3/4, and 8/9. The spreading factor of 1 was used except for the MCS with QPSK with R = 1/6 and 1/8 (spreading factors of 1, 2, 4, and 8 were used). Note that the reason why this many MCSs were employed is to clarify accurately the macro diversity effect between the SHO and HHO near the cell boundary with a very low received SINR. We optimized the MCS selection threshold so that the achievable throughput was maximized in the system-level simulation under the respective conditions as follows. (1) The throughput performance levels for the respective MCSs are plotted as a function of the instantaneous received SINR, i.e., the received SINR over one sub-frame, in the link-level simulations. (2) Then, in the throughput performance, 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 user throughput and sector throughput are calculated using the  value as a parameter employing the threshold of the MCS selection, which is shifted by  in dB notation from the decided threshold in (2) using the link-level simulations. (4) Finally, the  value, i.e., the MCS selection threshold, is optimized at the 10% CDF point so that the degradation in the sector throughput was within 2% from the maximum sector throughput. 


We set the round trip delay (RTD) of the AMC and channel-dependent scheduling, and that of the hybrid ARQ with packet combining (Chase combining) to 4 TTI (2 msec) and 6 TTI (3 msec), respectively. Moreover, we assumed two types of traffic models. The first model is a full buffer traffic model (activity factor is 1.0) and the second is an on-off traffic model (activity factor is less than 1.0). 
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(a) Hard handover
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(b) Soft handover

Figure 2 – Decision method of connecting Node B

Table 1 – Simulation Parameters 


	Parameter
	Assumption

	Bandwidth
	5 MHz

	TTI length
	0.5 msec

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Cell radius
	289 m

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	UE transmission power
	21 dBm (125 mW)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	6-path GSM Typical Urban

	UE speed
	3 km/h (fD = 5.55 Hz)

	Control delay in scheduling and AMC
	2 msec (4 TTI)

	Hybrid ARQ
	Off / On

	Scheduling algorithm
	Round robin / Proportional fairness

	Round trip delay in hybrid ARQ
	3 msec (6 TTI)

	Packet combining method in hybrid ARQ
	Chase combining

	Number of receiver antennas
	2

	Multipath interference
	None

	Transmission power control
	Off

	Traffic model
	Full buffer traffic model, 

On-off traffic model

	Handover add and delete threshold
	4 dB, 6 dB

	Hard handover hysteresis
	3 dB

	Hard handover period
	100 msec

	Hard handover delay
	100 msec


Table 2 MCSs in the AMC 

	MCS
	Modulation
	Coding rate
	SF
	Data rate

	1
	QPSK
	R = 1/8
	8
	96 kbps

	2
	QPSK
	R = 1/6
	8
	128 kbps

	3
	QPSK
	R = 1/8
	4
	192 kbps

	4
	QPSK
	R = 1/6
	4
	256 kbps

	5
	QPSK
	R = 1/8
	2
	384 kbps

	6
	QPSK
	R = 1/6
	2
	512 kbps

	7
	QPSK
	R = 1/8
	1
	768 kbps

	8
	QPSK
	R = 1/6
	1
	1.024 Mbps

	9
	QPSK
	R = 1/4
	1
	1.536 Mbps

	10
	QPSK
	R = 1/3
	1
	2.048 Mbps

	11
	QPSK
	R = 1/2
	1
	3.072 Mbps

	12
	QPSK
	R = 2/3
	1
	4.096 Mbps

	13
	16QAM
	R = 1/2
	1
	6.144 Mbps

	14
	16QAM
	R = 2/3
	1
	8.192 Mbps

	15
	16QAM
	R = 3/4
	1
	9.216 Mbps

	16
	16QAM
	R = 8/9
	1
	10.923 Mbps


4. Simulation Results
4.1. Full buffer traffic model 

In the section, we compare the macro diversity effect between inter-Node B SHO and HHO from the viewpoint of the user throughput assuming the full buffer traffic model. 


Figure 3 indicates the CDF of the user throughput using inter-Node B SHO or HHO without hybrid ARQ and channel-dependent scheduling. The figure shows that in the inter-cell SHO, the MCS selection scheme based on the MCS information from multiple Node Bs provides a higher user throughput than the scheme based on the MCS information from one Node B. The macro diversity gains by the inter-Node B SHO from HHO using the MCS selection based on MCS information from multiple Node Bs are listed in the table to the right of Fig. 2 for the respective CDF values. The macro diversity gain using the SHO from the HHO is approximately 9(16)% at the 5% (average over 0 - 20%) value in the CDF for the full buffer traffic model. Compared to the results in [2], the inter Node B SHO gain from the HHO is lower. We consider that this reduction in the gain is caused by the different assumptions in (1) and (2) in Section 2. In particular, in the assumption for the user throughput calculation employing the Shannon formula, the influence of the RTD in the AMC was not considered and the corresponding user bit rate is derived according to the instantaneous received SINR. On the other hand, the RTD of 4 TTI (= 2 msec) is included in the evaluations. The resultant decoding error of the received packet, i.e., zero throughput in the packet duration, occurs due to the time-varying channel variation. 
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Figure 3 – CDF of user throughput 
(without Chase combining and channel-dependent scheduling, full buffer traffic model)
Next, Fig. 4 indicates the CDF of the user throughput with inter-Node B SHO and HHO when the Chase combining is employed, but without channel-dependent scheduling. In the Chase combining, the acknowledgement/non-acknowledgement bit is transmitted from two Node Bs. The target SHO UE transmits retransmitted packets only when both of the Node Bs feedback non-acknowledgement bits. We also assumed that the acknowledgement/non-acknowledgement bits are decoded successfully without errors. Comparing Fig. 4 to Fig. 3, we see that the macro diversity gain of the SHO from the HHO is reduced by the time diversity effect from Chase combining. The inter-Node B SHO gain in the user throughput from the HHO is approximately 4(14) % at the 5 % (average over 0 – 20 %) value in the CDF for the full buffer traffic model.

[image: image7.emf]• With HARQ

• Without channel-dependent 

scheduling (Round robin)

Throughput observation 

duration = 10 msec

Inter-Node B HHO

Inter-Node B SHO (MCS selection based 

on MCS from one Node B)

Inter-Node B SHO (MCS selection based 

on MCS from multiple Node Bs)

• Inter-Node B SHO gain from 

HHO

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.1 0.2 0.3 0.4 0.5 0.6

Cumulative distribution function

User throughput (Mbps)

1% Average user throughput

12% 20% CDF

19% 10% CDF

4% 5% CDF

SHO gain

1% Average user throughput

12% 20% CDF

19% 10% CDF

4% 5% CDF

SHO gain


Figure 4 – CDF of user throughput 
(with Chase combining and without channel-dependent scheduling, full buffer traffic model)

Finally, Fig. 5 shows comparisons of the CDF of the user throughput between inter-Node B SHO and HHO when both Chase combining and channel-dependent scheduling using Proportional fairness are applied. In the channel-dependent scheduling, we assume that the radio resources, i.e., transmitted sub-frame is assigned only by the serving Node B. Thus, the non-serving Node B only receives the uplink shared data channel. In this case, we assume that the non-serving Node B knows the received timing and its MCS of the uplink shared data channel from the target SHO UE. Thus, we consider that the assumption is very optimistic from the viewpoint of the implementation of channel-dependent scheduling scheme. By comparing Fig. 5 to Fig. 4, we clearly find that the inter-Node B SHO gain from the HHO is further reduced due to the increasing multiuser diversity gain by Proportional fairness based channel-dependent scheduling. As a result, the inter-Node B SHO gain in the user throughput from the HHO is approximately 7 (5) % at the 5 % (average over 0 – 20 %) value in the CDF for the full buffer traffic model.
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Figure 5 – CDF of user throughput 
(with Chase combining and Proportional fairness based channel-dependent scheduling, full buffer traffic model)

4.2. On-off traffic model considering activity factor of traffic 

In this section, we compare the macro diversity gain between SHO and HHO assuming the on-off traffic model considering the activity factor of the traffic in the surrounding cells. In the traffic model, the fluctuations in the other-cell interference levels become larger than those for the full buffer traffic model described in Section 4.1. Accordingly, it is anticipated that the macro diversity gain of the SHO from the HHO is increased. Here, the activity factor of the traffic is defined for the radio resource utilization for each cell. In the on-off traffic model, the SHO gain contributes to improvement in the user throughput and sector throughput. In the evaluations in this section, we applied Chase combining. Furthermore, we show the user throughput using the MCS selection method (2) for the SHO case. 


First, Fig. 6 shows the CDF of the user throughput using SHO or HHO for Round robin (without channel-dependent scheduling) and Proportional fairness based channel-dependent scheduling when the activity factor of the traffic in the surrounding cells, Factive is 1.0. This performance corresponds to Figs. 4 and 5 assuming the full buffer traffic model. Thus, the SHO gains from the HHO are approximately 4 (14) % and 7 (5) % at the 5 % (average over 0 – 20 %) value in the CDF for the Round robin and Proportional fairness cases, respectively.  

[image: image9.emf]Inter-Node B HHO

Inter-Node B SHO 

(MCS selection based 

on MCS from multiple 

Node Bs)

Proportional 

fairness

Round 

robin

F

active

= 1

• With HARQ

• With channel-dependent scheduling

Throughput observation duration = 10 msec

Number of users per sector = 5

• Inter-Node B SHO gain from 

HHO

1%

12%

19%

4%

SHO gain 

(RR)

0% Average user 

throughput

1% 20% CDF

6% 10% CDF

7% 5% CDF

SHO gain 

(PF)

1%

12%

19%

4%

SHO gain 

(RR)

0% Average user 

throughput

1% 20% CDF

6% 10% CDF

7% 5% CDF

SHO gain 

(PF)

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.2 0.4 0.6 0.8 1

Cumulative distribution function

User throughput (Mbps)


Figure 6 – CDF of user throughput 
(On-off traffic model with Factive = 1.0, with Chase combining and Proportional fairness based channel-dependent scheduling)


Figure 7 indicates the CDF of the user throughput using inter-Node B SHO or HHO for the activity factor of Factive = 0.8. Comparing Fig. 7 to Fig. 6, we see that the macro diversity gain of the inter-Node B SHO from HHO is slightly increased. As mentioned earlier, this is because the inter-Node B SHO is beneficial in increasing the SINR after selection combining for the increasing fluctuation of other-cell interference. As shown in Fig. 8, the SHO gain from the HHO is further increased by reducing the activity factor to Factive = 0.5. When  Factive = 0.5 and 0.8, the macro diversity gain of the SHO from the HHO from the viewpoint of user throughput is approximately 23 (14) and 18 (11) % at the 5 % (average over 0 – 20 %) value in the CDF, respectively, when employing channel-dependent scheduling based on Proportional fairness.
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Figure 7 – CDF of user throughput 
(On-off traffic model with Factive = 0.8, with Chase combining and Proportional fairness based channel-dependent scheduling)
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Figure 8 – CDF of user throughput 
(On-off traffic model with Factive = 0.5, with Chase combining and Proportional fairness based channel-dependent scheduling)


Figure 9 indicates the CDF of the user throughput for the activity factor of Factive = 0.2. In contrast to the results with Factive = 0.5, the macro diversity gain of the SHO from the HHO is reduced by further decreasing the activity factor of the traffic to Factive = 0.2. This can be explained as follows. When Factive = 0.2, the influence of other-cell interference is small and the relative influence of the background noise becomes high. Therefore, it is considered that the macro diversity gain by SHO is decreased due to the reduction in the fluctuation of the interference plus background noise. In the case of Factive = 0.2, the macro diversity gain of the SHO from the HHO from the viewpoint of the user throughput is approximately 14 (8) % at the 5 % (average over 0 – 20 %) value in the CDF when employing channel-dependent scheduling based on Proportional fairness.
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Figure 9 – CDF of user throughput 
(On-off traffic model with Factive = 0.2, with Chase combining and Proportional fairness based channel-dependent scheduling)

4.3. Equally served traffic model

In this section, we compare the macro diversity gain between inter-Node B SHO and HHO assuming an equally served traffic model. In this traffic model, we assume constant served traffic at Node B, i.e., constant sector throughput. In this case, the SHO gain solely contributes to improvement in the user throughput. Then, to maintain the same sector throughput, the activity factor of the traffic must be different between the SHO and HHO. More specifically, the activity factor of the SHO becomes smaller than that of the HHO owing to the increasing radio throughput by the increasing macro diversity gain. 


We focus on the improvement in the user throughput. Figure 10 shows the user throughput at the 5 % value in the CDF as a function of the sector throughput, employing inter-Node B SHO and HHO. Similarly, Figs. 11 and 12 show the user throughput at the 10 and 20 % in the CDF, respectively.  Compared to the performance levels mentioned in Section 4.2, the macro diversity gain of the SHO from the HHO is slightly increased. This is because the macro diversity gain fully contributes to the improvement in the user throughput in the constant served traffic model. We see from the table to the right of Fig. 9 that the macro diversity gain of the SHO from the HHO in the user throughput at the 5% CDF value is approximately 17, 23, and 17 % at the sector throughput of 2, 3, and 5 Mbps, respectively. Moreover, the gain of SHO from the viewpoint of the average user throughput is approximately 2, 2, and 0 % at the sector throughput of 2, 3, and 5 Mbps, respectively. 
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Figure 10 – User throughput at 5% CDF as a function of sector throughput 
(with Chase combining and Proportional fairness based channel-dependent scheduling)
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Figure 11 – User throughput at 10% CDF as a function of sector throughput 
(with Chase combining and Proportional fairness based channel-dependent scheduling)
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Figure 12 – User throughput at 20% CDF as a function of sector throughput 
(with Chase combining and Proportional fairness based channel-dependent scheduling)

We investigated the macro diversity gain of the inter-Node B SHO for various traffic models considering key techniques such as AMC, Chase combining, and channel-dependent scheduling based on Proportional fairness. In conclusion, we recognize the macro diversity gain of the inter-Node B from the HHO to some extent particularly in mitigating the influence of large fluctuations of other-cell interference. However, the gain is small when the hybrid ARQ with packet combining and channel-dependent scheduling are simultaneously used. In addition, we assume advantageous conditions for inter-Node B SHO as described below.

· In AMC, the UE can select the optimum MCS from the candidates, which are fed back from multiple Node Bs. Thus, the SHO UE must demodulate and decode multiple downlink signaling channels from the Node Bs in the active set. This brings about increasing computational complexity at the UE.

· In the channel-dependent scheduling assumed in the contribution, a transmitted sub-frame is assigned only by the serving Node B. However, we assume that the scheduled uplink shared data channel is ideally demodulated and decoded at the non-serving Node Bs. In a real system, nevertheless, the additional L1 signaling bits must be transmitted to inform the non-serving Node Bs of the receiving timing together with the associated required L1 and L2 information. Otherwise, this information must be transferred from the serving Node B to the non-serving Node Bs via the backhaul. Accordingly, the additional delay decreases the relative combined gain of inter-Node B SHO and channel-dependent scheduling from the HHO with channel-dependent scheduling.

Furthermore, it should be noted that according to increase of cell radius, the SHO gain from HHO is reduced since background noise becomes major impairment (SHO gain is large when the other-cell interference with wide variation range is dominant impairment). We assumed cell radius of 289 m in the contribution. Therefore, when the cell radius becomes longer, the SHO gain from HHO is smaller than the results of the contribution. 

5. Conclusion

In this contribution, we clarified the macro diversity gain of the inter-Node B SHO for various traffic models considering key techniques such as AMC, Chase combining, and channel-dependent scheduling based on Proportional fairness. We showed that the macro diversity gain in the user throughput at the 5% CDF by the inter-Node B SHO from that of HHO is small, considering advantageous conditions for SHO assumed in the contribution, when the hybrid ARQ with packet combining and Proportional fairness based channel-dependent scheduling are simultaneously used.

6. Text Proposal (Section 9.1.1.5 in TR25.814) 

We propose Section 9.1.1.5 of TR 25.814 is updated as follows
---------------------------------  Start of Text Proposal  -----------------------------------------------------

9.1.1.5 Uplink macro diversity

(2) Inter-Node B macro diversity

The macro diversity gain of the inter-Node B soft handover (SHO) compared to the inter-Node B hard handover (HHO) is obtained to some extent particularly for mitigating the influence of large fluctuations of inter-cell interferences in the Evolved UTRA uplink. However, by taking into account the key techniques such as adaptive modulation and coding (AMC), hybrid ARQ with packet combining and channel-dependent packet scheduling, the achievable user throughput gain by employing inter-Node B SHO compared to that by inter-Node B HHO becomes relatively small. Assuming the cell radius of 289 m, the inter-Node B SHO gain from that of HHO is less than 20 % at the 5%-point of cumulative distribution function (CDF) of user throughput employing the above-mentioned key techniques. In addition, according to increase in the cell radius, the SHO gain from HHO is further reduced due to decreasing other-cell interference with wide variation range. 


Furthermore, it should be noted that in the inter-Node B SHO, there are remaining technical problems to be solved such as channel-dependent packet scheduling method during inter-Node B SHO (i.e., receiving method of uplink shared data channel at non-serving Node B) and UE complexity in that the UE performing SHO must demodulate and decode multiple downlink control signaling channels from the multiple Node Bs in the active set. Therefore, the actual SHO gain from HHO is to be smaller than the results of the contribution since optimistic conditions were assumed in the contribution.


Therefore, the effective inter-Node B SHO gain must be considered after solving the remaining problems and taking into account impact of complexities in the Evolved UTRAN architecture and UE.

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