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1. Introduction
In TSG RAN WG1 #20 meeting, we showed that, in the SSDT specified in Release 99, the impact of DPCCH transmission to traffic capacity is not small on low bit-rate channels, and presented two possible solutions to the problem [1]. This contribution provides system-level simulation results of the possible solutions, which are hereafter referred to as Enhanced SSDT (ESSDT). 
2. Enhanced SSDT

In SSDT specified in Release 99, non-primary cells do not transmit DPDCH but transmit DPCCH. Although the capacity gain of SSDT is somewhat reduced with the transmission of DPCCH from non-primary cells, the impact is small when the channel bit rate is high. However, the impact of DPCCH transmission is not small on low bit-rate channels because the transmit power ratio of DPCCH is not small. To solve this problem, following two solutions are shown in previous contribution [1]. 

(1) Modification of TPC procedures in non-primary cells (Single-SSDT; S-SSDT)

(2) Modification of primary cell selection (Multiple-SSDT; M-SSDT)

(1) Modification of TPC procedures in non-primary cells (S-SSDT)

In the first solution, DPCCH of non-primary cells is switched off. In this case, non-primary cells do not transmit TPC commands for uplink power control which are normally transmitted on DPCCH. Since TPC commands for uplink power control are decided based on the uplink SIR measurement at respective Node Bs, the TPC commands which UE receives in a slot from the Node Bs in SHO are not always identical to each other. Therefore, impact on the uplink interference should be evaluated because suspending transmission of TPC commands might cause inaccuracy of TPC procedures for uplink.

(2) Modification of primary cell selection (M-SSDT)

In the second solution, more than one cell is selected as primary cells when the difference of CPICH RSCP between active cells is smaller than an inner threshold. In addition, DPCCH of non-primary cells is switched off. In this solution, DPDCH is transmitted from plurality of cells if they have similar path loss, and this improves the received SIR of DPDCH at UE. Impact on the uplink interference should be evaluated as in the first solution. 
3. Performance evaluations for Enhanced SSDT

3.1 Simulation conditions

In this simulation, one UE is generated and moves with fixed velocity in multi-cell environment. The outer loop power control is employed and the frame error rate at UE is maintained at 1%. The average transmit power per mobile station, i.e. the sum of average transmit power of all cells in the active set, is evaluated and the impact of the following parameters are investigated:

· POFFSET  : Relative power offset between DPCCH and DPDCH

· RDPCCH  : Ratio of DPCCH bits in DPCH

The parameters used for the simulations in this contribution are listed in Table1.

Table 1 Basic system level simulation assumptions.

	Cellular layout
	Hexagonal cell with 3 sectors

	Cell radius
	1.73km

	Propagation model
	L=128.1+37.6 Log10(R)

	Std. deviation of shadow fading
	8dB

	Path model
	Vehicular-A 

	Rake finger
	6

	Processing gain
	480

	Frame error condition
	The frame whose medium of received SIR is less than 2dB

	Threshold for adding/deleting in active set
	5dB / 7dB

	Maximum active set size
	3

	Inner threshold for M-SSDT
	3dB

	Update delay for active set
	250msec

	TPC step size
	1dB

	TPC error rate at Node B
	1% in the best branch on uplink, in other branches, greater error rate than 1% is decided based on the received SIR. 

	TPC error rate at UE
	Non

	Target FER for outer loop
	1%

	ID code length
	15bit / 1bit per 1slot

	Number of ID code
	3 for SSDT & S-SSDT / 7 for M-SSDT


3.2 Downlink average transmit power 

  　Figure 1 and Figure 2 show the average transmit power of Node Bs for the ratio of DPCCH bits in DPCH and the velocity of UE, respectively. In these simulations, TPC error ratio is 1% at the primary cells and is more than 1% at the non-primary cells. Therefore average TPC error ratio of all cells is 6-8%, which depends on the velocity of UE. In Figure 1, the gain of SSDT is negative when RDPCCH is larger than 0.2. However, the gains of both S-SSDT and M-SSDT are positive regardless of RDPCCH. In Figure 2, the gain of SSDT is always negative regardless the velocity of UE because of transmission with large DPCCH bit ratio in DPCH. Even in such a condition, the average transmit power with either S-SSDT or M-SSDT is reduced by 1-1.5 dB than that without SSDT. Compared with the performance of S-SSDT and M-SSDT, there is not significant difference between them. 
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Fig.1 Transmit power for the ratio of DPCCH bits (Velocity = 4km/h, POFFSET=3dB)
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Fig.2 Transmit Power for the velocity of UE (POFFSET = 3 dB, RDPCCH = 0.2)
3.3 Uplink received SIR

Figure 3 shows the average received SIR of uplink measured at Node Bs for the velocity of UE between 4 and 80km/h. Since the outer loop is employed in uplink as well and the frame error rate at UTRAN is maintained at 1%, the received SIR is proportional to the interference for other channels in uplink. Figure 3 shows that the interference is increased with either S-SSDT or M-SSDT compared with SSDT, in which TPC commands are transmitted from all Node Bs in SHO. The increase of interference with M-SSDT is smaller than that with S-SSDT because in case of M-SSDT, the number of non-primary cells, i.e. the number of the cells that do not transmit TPC commands, is smaller than S-SSDT. The increase of interference compared with SSDT is at most 0.5 dB with S-SSDT and 0.1 dB with M-SSDT, respectively. 
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Fig.3 UL Received SIR for UE velocity
3.4 Summary of performance evaluations 

The performances of S-SSDT and M-SSDT compared with Release 99 SSDT are summarized on the following Table2.
Table 2: Performance in DL and UL in comparison with Rel. 99 SSDT

	
	Average DL Transmit Power 
	UL Received SIR

	S-SSDT
	Reduced by 1.8 dB

(@RDPCCH=0.2, V=4km/h)
	Increased by 0.5 dB at the maximum

	M-SSDT
	Reduced by 1.7 dB

(@RDPCCH=0.2, V=4km/h)
	Increased by 0.1 dB at the maximum


For the downlink average transmit power, two schemes have similar performance, while S-SSDT has a larger impact on the uplink interference than M-SSDT. The impact, however, is not so large because non-primary cells have larger path loss than primary cells on average and a large portion of TPC commands from non-primary cell do not change the transmit power of UE. In the simulation, it is assumed that the rate of TPC reception error at UE is zero. However, considering the fact that reception error rate of TPC bits from non-primary cell is higher than that of primary cells, the accuracy of TPC is degraded more in R99 SSDT than either S-SSDT or M-SSDT. Therefore if TPC reception error is considered, UL interference is increased more in R99 SSDT and the impact on the uplink interference with S-SSDT and M-SSDT becomes smaller relatively.
4. Consideration of ID labels for Enhanced SSDT

 　 In the simulation, the number of ID labels is optimized respectively for SSDT of Rel.99, S-SSDT and M-SSDT to evaluate their basic performance. However, in the present specifications, 8 ID labels are defined and RNC signals only an allocated ID label to each Node B, and does not signal the set of ID labels that are allocated to other Node Bs in the same active set [2]. Therefore, when Node B receives an ID label transmitted from UE, all of the 8 ID labels are candidates although the UE never transmits some of the ID labels that are not allocated. Since only a portion of ID labels are allocated in most cases, the performances of SSDT of Rel.99, S-SSDT and M-SSDT are degraded compared with the case that the number of ID labels is optimized with the active set size because the decision error of ID labels at Node B is increased.

On the other hand, with M-SSDT, a large number of ID labels are required to allow that the maximum active set size of 8 as specified in the specifications. This means that the decision error of ID labels at Node B might be increased and the performance might be degraded.

  In all cases, the capacity gain is reduced as the maximum active set size increased. There is, however, a room for improvement in this problem. For example, a solution might be to add the information about the set of ID labels allocated to Node Bs in the active set to the SSDT signaling. 

5. Conclusions

  This contribution presented the performance of Enhanced SSDT evaluated by means of system-level simulation. The simulation results show that two schemes indicate similar performance on downlink and S-SSDT has larger impact than M-SSDT on uplink. Moreover we indicate the potential problems regarding the number of ID labels. Considering these issues, we propose to make a WI for the Enhancement of SSDT for Release 5. 
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