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1	Introduction
Simulation assumptions for studying the performance of power control after long DTX cycles were agreed through e-mail discussions. At the last meeting, such power control impacts were discussed in [1,2].
In this contribution, we evaluate the performance in link simulation of the agreed scenarios and using multiple users and suggest a way forward. 

2	Simulation Assumption 
For link level performance evaluation, different simulation scenarios are provided in Table 1. Case 1/ 2/3 have 4/4/2 multiple users and each user has 1/2/4 TTI allocation, respectively. Case 4 has 1 user and 2/4 TTIs are allocated.
Table 1: Simulation scenario
	Cases
	Number of TTIs allocated per user for each TDM scheduling opportunity
	Number of users

	1
	1
	4

	2
	2
	4

	3
	4
	2

	4
	2, 4
	1


2.1	Simulation scenario 1 
Each user is allocated only 1 TTI for transmission per scheduling opportunity. Figure 1 provides the operation of the scenario.
· User 1 and User 2 have packet decoding success after 1st packet transmission. 
· User 3 has packet decoding success after 2nd packet transmission.  
· User 4 has packet decoding success after 3nd packet transmission.  
After each user has packet success or max retransmissions have been reached, long DTX begins until the next burst.


Figure 1: Simulation scenario 1

2.2	Simulation scenario 2 
Figure 2 presents each user is allocated 2 TTIs for transmission per scheduling opportunity. In this example, 
· The first TTI of User 1 and User 2 have packet decoding success after 2nd packet transmission. 
· Both TTIs of User 3 has packet decoding success after 2nd packet transmission.  
· The second TTI of User 4 has packet decoding success after 2nd packet transmission.  


Figure 2: Simulation scenario 2
2.3	Simulation scenario 3 
Each user is allocated 4 TTIs for transmission per scheduling opportunity in figure 3. As an example 
· The first TTI and 4th TTI of User 1 have packet decoding success after 2st packet transmission. 
· The first, second and 4th TTI of User 2 have packet decoding success after 2st packet transmission. 




Figure 3: Simulation scenario 3
2.4	Simulation scenario 4  
One user transmitting 2 or 4 TTI data without retransmission and the gap length is 40 TTI.  
3	Results
The simulation parameters for the secondary carrier are provided in Table 2.
Table 2: Simulation parameters for the secondary carrier
	Parameter
	Value

	Carrier frequency [MHz]
	2000

	TTI [ms]
	2

	TBS [bit]
	7996

	T2P [dB]
	10

	First transmission BLER
	10% after 1 transmission

	Max Transmission
	4(simulation scenarios 1-3), 1(simulation scenario 4)

	Time between transmissions
	16ms

	Number of Rx Antennas
	2

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size [dB]
	±1

	UL TPC Error Rate [%] 
	4

	Receiver type
	Rake

	Propagation Channel
	PA3

	DTX period [msec]
	80, 192

	Preamble length [slot]
	0, 2, 4, 6, 15



Additional simulation assumptions for primary carrier:
· The traffic on the primary carrier is assumed to be continuous. 
· ILPC on and OLPC off 
· The OLPC SIR target setpoint is set as -21dB. 
The initial DPCCH transmission power on secondary carrier after a long DTX is set based on a filtered DPCCH transmission power on the primary carrier and α value is defined in [2]. α value 0.99 is used in these simulations. For power control impacts after long DTX, simulation results using 80ms and 192ms DTX cycles are presented.  
3.1 80ms DTX cycle 
Each user has a different number of TTIs allocatedfor transmission per scheduling opportunity and each user interferes with each other because of preamble. 
For example, user 2 has the most number of interferers and user 4 has the least for 4 scenarios, while user 1 is the worst in 2 multiple users scenario. User 2 with 1TTI allocation experiences interference from all the remaining users (1, 3, 4). Therefore, user 2 is considered to be the user of interest. 

The performance comparison is described based on user 2. Other users such as user 1, 3, and 4 have similar trends.  
Rx Ec/No and Rx Ec/No CDF simulation curves are presented for each section. In these figures ‘with primary carrier’ means that the filtered DPCCH power on the primary carrier is used for initial DPCCH power set on the secondary carrier. On the other hand ‘without primary carrier’ indicates the last transmission power on the secondary carrier is used for the initial power set after long DTX. 

Observations from the results:
· Performance difference between ‘with primary carrier’ and ‘without primary carrier’ are not significant in terms of Rx Ec/No
· It is noticed that 2/4 TTI TDM scheduling has gain over 1 TTI TDM scheduling by 1.5/3.5dB, respectively.
· Any form of power control is not efficient for ‘1 TTI with preamble 0’.
· As the preamble length is increased, CDF becomes increasingly steep. Therefore longer preamble lengths help mitigate the inter-cell interference. 
· For the 192ms DTX cycle, simulation observations are the same as 80ms DTX operation since the channel has decorrelated by that time.
3.1.1 User 1
[image: ]
Figure 4: Rx Ec/No, DPCCH SIR Target for User 1
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Figure 5: CDF of User 1 allocating 1/2/4 TTI, when primary carrier is not used 
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Figure 6: CDF of User 1 allocating 1/2/4 TTI, when primary carrier is used 
3.1.2 User 2
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Figure 7: Rx Ec/No, DPCCH SIR Target for User 2
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Figure 8: CDF of User 2 allocating 1/2/4 TTI, when primary carrier is not used 
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Figure 9: CDF of User 2 allocating 1/2/4 TTI, when primary carrier is used 
3.1.3 User 3
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Figure 10: Rx Ec/No, DPCCH SIR Target for User 3
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Figure 11: CDF of User 3 allocating 1/2 TTI, when primary carrier is not used 
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Figure 12: CDF of User 3 allocating 1/2 TTI, when primary carrier is used 
3.1.4 User 4
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Figure 13: Rx Ec/No, DPCCH SIR Target for User 4
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Figure 14: CDF of User 4 allocating 1/2TTI, when primary carrier is not used 
[image: ]
Figure 15: CDF of User 4 allocating 1/2TTI, when primary carrier is used 

3.2  80ms DTX period (simulation scenario 4)
3.2.1 User 1
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Figure 16: Rx Ec/No, DPCCH SIR Target, BLER for User 1
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Figure 17: CDF of User 4 allocating 2/4TTI, when primary carrier is not used 
[image: ]
Figure 18: CDF of User 4 allocating 2/4TTI, when primary carrier is used 
3.3  192ms DTX period (simulation scenario 1-3)
3.3.1 User 1
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Figure 19: Rx Ec/No, DPCCH SIR Target for User 1
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Figure 20: CDF of User 1 allocating 1/2/4 TTI, when primary carrier is not used 
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Figure 21: CDF of User 1 allocating 1/2/4 TTI when primary carrier is used 
3.3.2 User 2
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Figure 22: Rx Ec/No, DPCCH SIR Target for User 2
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Figure 23: CDF of User 2 allocating 1/2/4 TTI, when primary carrier is not used 
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Figure 24: CDF of User 2 allocating 1/2/4 TTI, when primary carrier is used 
3.3.3 User 3
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Figure 25: Rx Ec/No, DPCCH SIR Target for User 3
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Figure 26: User 3 CDF of allocating 1/2 TTI, when primary carrier is not used 
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Figure 27: User 3 CDF of allocating 1/2 TTI, when primary carrier is used 
3.3.4 User 4
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Figure 28: Rx Ec/No, DPCCH SIR Target for User 4
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	Figure 29: CDF of User 4 allocating 1/2 TTI, when primary carrier is not used 
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Figure 30: CDF of User 4 allocating 1/2 TTI, when primary carrier is used 

4	Conclusions
In this contribution, power control impacts for TDM operation after long DTX are presented. For user 2 case, all other user interferences are captured and user 2 is the user of interest. However, the results for all the users have been presented. 
Based on simulation results, it is observed that scheduling users for multiple TTIs have significant benefits and it can be challenging to schedule users only for durations of 1 TTI. 2/4 TTI TDM scheduling has gain over 1 TTI TDM scheduling by 1.5/3.5dB. For TDM scheduling, allocation of 4 TTIs can be recommended. 
For DPCCH initial power set on the secondary carrier, there are not significant gains between ‘with primary carrier’ and ‘without primary carrier’. Based on the simulation results, the following is noted:
Observation: Single TTI scheduling is significantly worse than scheduling users for multiple TTIs. It is unclear when a stable operation can be achieved for 1TTI scheduling policies. It is recommended that 4 or more TTIs are allocated per user for each scheduling opportunity.
Proposal:  Use legacy rules for setting the initial power on the secondary carrier after a long DTX cycle.
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