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1	Introduction
In this contribution, we compare two solutions for mitigating the effects of UL/DL imbalances and attempt to improve the performance of the HS-DPCCH and also the E-DPCCH channels at the Macro cell. The performance comparison was made for different levels of imbalances between the secondary pilot solution and the ILPC restriction solution with RRC signalling included. 
[bookmark: OLE_LINK6]2	Solutions for UL/DL Imbalance
[bookmark: OLE_LINK222]In the last RAN1 meeting, the solutions for UL/DL imbalance that are to be compared are the introduction of a Secondary pilot and a legacy scheme which involves disabling the ILPC from the LPN.
2.1	Secondary Pilot Solution
In this scheme, a pilot (DPCCH2) is introduced as a phase reference for the HS-DPCCH. The Macro power controls the secondary pilot to achieve a target SIR at the NodeB thereby ensuring the reliability of the HS-DPCCH which is referenced to DPCCH2. 
The primary pilot is operated as in legacy where both the Macro and the LPN power control the DPCCH using the “or-of-downs” rule. The data channels are decoded by both cells to avail of any soft handover gains. Therefore, the Macro transmits TPC commands for both the DPCCH and the DPCCH2. In this case, an additional F-DPCH resource is used which can either be on the same code or on a different code. 
In some implementations, it may be necessary to ensure the reliability of E-DPCCH as well at the Macro to enable happy-bit based schedulers. In this case, E-DCH de-coupling can be used to make the LPN the E-DCH serving cell and thereby ensuring happy bit reception. 
If E-DCH decoupling is not feasible for some reason but happy bit reliability is still desired, then there are two possible options:
· Boost E-DPCCH to ensure reliable reception at the Macro. In this case, the Macro would use the secondary pilot as a phase reference to decode the E-DPCCH.
· Transmit E-DPCCH on DPCCH2. In this case, there would be no requirement to boost the E-DPCCH since the reliably is directly ensured by DPCCH2. 
OLPC operation is based on data BLER and is the same as legacy. The set-point affects the ILPC commands from both the Macro and LPN and is applied to the DPCCH. The target SIR for the DPCCH2 is not affected by the OLPC and is maintained at a constant level.
Since the data channels are operated as in legacy, there is no additional interference caused at the LPN due to the data. As the imbalance increases, the LPN is able to be more effective in power controlling the data channels from the UE. The only additional interference arises from the secondary pilot and the associated HS-DPCCH channel. Since the HS-DPCCH C/P is quite low in this case and pilots are also not transmitted at high levels, the additional interference is considered to be manageable.

2.2	ILPC Restriction with RRC Signalling
This scheme can benefit legacy as well as Rel-12 users. In this scheme, the ILPC form the LPN is disabled completely. This can be done by transmitting TPC commands of “1” from the LPN. It should be noted that not transmitting any commands on the F-DPCH from the LPN is disallowed by the specification. Therefore, there may be some decoding errors that occur on the F-DPCH channel from the LPN reducing somewhat the efficiency of this scheme. However, for the purposes of this evaluation, it is assumed that the TPC commands from the LPN are error free.
Since the ILPC from the LPN is disabled, the Macro is able to power control the primary pilot channel (DPCCH) and thereby ensure the reliability of the HS-DPCCH. However, since the LPN does not power control the data, the amount of interference increases as the imbalance increases. This could be quite significant as all the uplink channels cause excess Rx Ec/No at the LPN.
To mitigate this additional interference, the RNC signals modified beta_ed power ratios to reduce the impact of the data channels. This would certainly help in mitigating the interference to some extent. However, the following concerns still exist:
· The RNC would have estimate the imbalance reliably. Therefore, the received signals from the NodeBs would have to be filtered over a period of time to ensure some accurate of the imbalance estimate. However, since the filtering would have to be fairly long term, this scheme would not be able to track interference changes that occur in a smaller time scale. Therefore, the overall robustness of this scheme is somewhat reduced.

· The beta_ed adjustments would still have to ensure that the pilot power level at the macro is adequate enough for reception of the HS-DPCCH. Therefore, the adjustment of the beta_ed cannot eliminate the additional interference. This scheme would therefore be somewhat link inefficient.
3	Simulation Assumptions and Scenarios
The simulation scenario and the metrics for performance comparison are given in this section. The simulation assumptions are given in the Annex. 
3.1	Simulation Scenario
The scenario that is simulated is the following:
· Macro is the serving cell for the UE and the UE is in soft handover with the Macro and the LPN
· Imbalance is defined as GTx→B - GTx→A as seen in Figure 1. The LPN has the better uplink.

[image: ]
Figure 1: Imbalance between the Macro and the LPN
3.2	Evaluation Metrics
The main metric used for comparing the performance of the two schemes is the level of the LPN Rx Ec/No caused by the two schemes. The LPN Rx Ec/No is computed as follows.
The LPN Rx Ec/No for ILPC restriction with RRC signalling scheme is computed as: 

 
The LPN Rx Ec/No for the Secondary Pilot solution is given by:


The metrics used for the HS-DPCCH are provided in the Annex and are the same as those mentioned in the TR [1].

4	Simulation Results
The results for the secondary pilot and the ILPC restriction schemes are provided in the sections below.
4.1	Secondary Pilot Results
As mentioned above, the secondary pilot scheme ensures the reliability of the HS-DPCCH by introducing DPCCH2 that is power controlled by the Macro. The remaining aspect of the design involves the decoding performance of the E-DPCCH. The solutions that can be used to resolve the E-DPCCH reliability are as follows:
· E-DCH Decoupling. 
· Since the LPN is the serving cell and power controls the DPCCH, there are no problems with the E-DPCCH. This is likely the simplest solution as E-DCH decoupling has already been adopted in Rel-12.

· Boosting the E-DPCCH
· The E-DPCCH can be boosted to ensure that the Macro reliably receives the channel. In this case, the secondary pilot is used as the phase reference.

· Transmitting the E-DPCCH on DPCCH2
· Reliability is also resolved here since the secondary pilot would provide an adequate phase reference.
Figure 2 shows the performance of the HS-DPCCH for difference imbalance if the secondary pilot solution is implemented. 
Figure 3 shows the performance of the E-DPCCH channel for different C/P levels as a function of the imbalance. In this simulation, the E-DPCCH was transmitted on the primary pilot and the performance was measured at the Macro.
	[image: ]
Figure 2: HS-DPCCH performance at the Macro cell; Secondary pilot
	[image: ]
Figure 3: E-DPCCH performance at the Macro cell; Secondary pilot



It can be seen from Figure 2 that the HS-DPCCH performance is not impacted due to the different imbalances. This is due to the power control at the Macro which allows for a target SIR reception of the DPCCH2. Figure 3 shows that the performance of the E-DPCCH reduces as the imbalance increases. Therefore, a larger C/P is required to ensure adequate decoding performance at the Macro. 
Figure 4 shows the comparison of the LPN Rx Ec/No for E-DPCCH boosting and the case when E-DPCCH is transmitted on the DPCCH2. It is seen that the two schemes have comparable performances. This is because the phase reference is the same in both cases – DPCCH2. Therefore, the required E-DPCCH Ec/No was similar in both the cases and consequently the impact on the LPN was also similar. 
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Figure 4: LPN Rx Ec/No for the E-DPCCH boosted and E-DPCCH on Secondary Pilot schemes
Figure 4 also shows that as the imbalance increases, the LPN Rx Ec/No increases. This is because the required UE transmit power increases to support higher levels on imbalance. This causes an increasing amount of interference at the LPN.
The target decoding error performance for the E-DPCCH was set to be 2%. It is expected that the happy bit error at the Macro is typically larger especially in soft handover scenarios. If the requirement for the E-DPCCH decoding were relaxed, then the performance would improve reducing the impact on the LPN Rx Ec/No.
The results are summarized in Table 1.
Table 1: Results for Secondary Pilot solution with different imbalance levels
	Imbalance
	Secondary Pilot with E-DPCCH Boosting
	Secondary Pilot with E-DPCCH on DPCCH2

	
	HS-DPCCH C/P [dB]
	E-DPCCH C/P [dB]
	LPN Rx Ec/No [dB]
	HS-DPCCH C/P [dB]
	E-DPCCH C/P [dB]
	LPN Rx Ec/No [dB]

	0
	-1.44
	-1.35
	-8.57
	-1.44
	0
	-8.48

	3
	-1.44
	1.43
	-7.14
	-1.44
	0
	-7.23

	6
	-1.44
	4.61
	-5.89
	-1.44
	0
	-5.71

	9
	-1.44
	7.51
	-4.24
	-1.44
	0
	-4.0

	12
	-1.44
	10.31
	-2.18
	-1.44
	0
	-1.70



As seen in Table 1, the required E-DPCCH C/P to maintain reliable decoding of 2% at the Macro increases with increasing imbalance in the case where E-DPCCH is boosted. However, the overall effect on the LPN Rx Ec/No is still slightly lower than the case where the E-DPCCH is transmitted on the secondary pilot although the difference isn’t very significant.
4.2	ILPC Restriction with RRC Signalling
In this scheme, the ILPC from the LPN is disabled to allow power control exclusively from the Macro cell. However, simply disabling power control would impact the LPN Rx Ec/No significantly. Therefore, beta_ed power factors need to be optimized to mitigate the loss in link efficiency. It is envisioned that the T/Ps are 
Figure 5 shows the LPN Rx Ec/No for different T/P values and for different imbalances.
[image: ]
Figure 5: LPN Rx Ec/No for different T/P values and imbalances; ILPC restriction
It can be seen that the choice of the T/P affects the link efficiency at the LPN. However, the T/P also affects the Macro Ecp/Nt since the OLPC operation is the same as in legacy. This is shown in Figure 6.
[image: ]
Figure 6: Macro Pilot SNR for different T/Ps and imbalances; ILPC restriction
Based on Figures 5 and 6, it is seen that the choice of the T/P should attempt to achieve two objectives:
· Maintain at least a target SNR at the Macro cell to ensure HS-DPCCH reliability. 
· A target value of -19dB is chosen for this purpose. This would ensure HS-DPCCH reliability if the HS-DPCCH C/P = -2dB. 

· Maximize the link efficiency at the LPN. 
· This can be achieves by selecting the T/P that minimizes the LPN Rx Ec/No in Figure 5 while also maintaining a target of -19dB in Figure 6.
Figure 7 shows the optimized T/P values for each imbalance.
[image: ]
Figure 7: Optimized T/P values for different imbalance levels; ILPC restriction
It can be seen from Figure 7 that the value of the T/P needs to change fairly significantly as the imbalance increases. The decrease in the T/P is needed to ensure a target of -19dB at the Macro. It should be noted that if the RNC is not able to detect the imbalance in a reliable fashion, then the T/P choices could vary causing more link inefficiencies.
Finally, once the optimized T/P values are chosen for all the imbalances, then the LPN Rx Ec/No can be computed and is shown in Figure 8.
[image: ]
Figure 8: LPN Rx Ec/No for different imbalance levels with optimized T/P values; ILPC restriction.
As in the case with secondary pilot, the impact on the LPN Rx Ec/No increases with increasing imbalance. This is again due to the increase in the UE transmit power levels since the received pilot power levels at the Macro need to be maintained for HS-DPCCH. The results are summarized in Table 2.
Table 2: Results for IPC Restriction with RRC Signalling for different imbalance levels
	Imbalance
	ILPC Restriction with RRC Signalling of T/Ps

	
	Optimized T/P [dB]
	LPN Rx Ec/No [dB]

	0
	8.9
	-5.93

	3
	8.55
	-3.26

	6
	7.54
	-0.44

	9
	5.42
	0.24

	12
	2.67
	2.12






4.3	Summary
A comparison of the secondary pilot scheme and the ILPC restricted scheme is made in Table 3. The E-DPCCH boosting solution is chosen for the Secondary pilot for purposes of the comparison. However, since the overall performance of the E-DPCCH over DPCCH2 solution is quite similar, any conclusions should be valid for that case as well.
Table 3: Comparison of the performances of the Secondary Pilot with ILPC Restriction with RRC Signaling in terms of LPN Rx Ec/No
	Imbalance
	LPN Rx Ec/No [dB]

	
	Secondary Pilot with E-DPCCH boosting
	ILPC Restriction with RRC Signalling

	0
	-8.57
	-5.93

	3
	-7.14
	-3.26

	6
	-5.89
	-0.44

	9
	-4.24
	0.24

	12
	-2.18
	2.12



It can be seen from the table that there can be up to 5 dB difference in performance between the Secondary pilot and ILPC restricted scheme. 
The reason for this difference is due to two factors:
· In the secondary pilot scheme, the increase in imbalance affects only the pilot and the HS-DPCCH (possibly also the E-DPCCH). Therefore, the increase in the UE transmit power and consequently the increase in LPN Rx Ec/No is due to these channels
However, in the case of ILPC restriction, the increase in the UE Tx power is due to the data channel as well as the control channel. This effect of the E-DPDCH which is transmitted referenced to the DPCCH causes additional link inefficiency at the LPN.

· Since there is no power control for the data channels from the LPN, this naturally causes a higher SNR requirement to meet the same decoding BLER target. In the case of secondary pilot, the LPN continues to power control the UE and as the imbalance increases, this LPN power control becomes more and more significant since macro has less of an effect on the DPCCH. This is the primary cause of such a large difference in performance.
Based on the results presented above, it is seen that there is a fairly significant difference in performance between the two schemes. Therefore, the following is proposed:
Proposal: Secondary pilot is adopted as the solution for UL/DL imbalances in Rel-12

[bookmark: OLE_LINK79]5	Conclusions
In this contribution, the performances of solutions to manage the UL/DL imbalance in Hetnets were compared. In particular, the performance of the secondary pilot solution was compared with a legacy scheme where the ILPC from the LPN was restricted and the T/Ps were optimized based on the imbalance seen.
The results showed that even after careful optimization of the T/Ps, there was a significant difference in performance between the two schemes and the ILPC restriction scheme has up to 5dB worse performance in comparison with the secondary pilot scheme. Therefore, the following is proposed:
Proposal: Secondary pilot is adopted as the solution for UL/DL imbalances in Rel-12
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Annex		1
[bookmark: OLE_LINK20]Table 2: Simulation Assumptions for HS-DPCCH Modelling
	Parameter
	Value

	Scenario
	UE is in soft handover between a Macro and an LPN.

	Imbalance between the cells [dB]
	[0 3 6 9 12]

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH, DPCCH2 (only for secondary pilot sims)

	E-DCH TTI [ms]
	2

	TBS
	2020

	T/P [dB]
	9dB – secondary pilot
Variable – ILPC restriction

	HS-DPCCH C/P [dB]
	-9.54 … 14.09

	CQI Feedback Cycle
	1TTI

	SIR Target [dB]
	-19 dB

	Target HS-DPCCH Error rate
	1%

	Target E-DPCCH Error rate
	2%

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Propagation Channel
	PA3

	NodeB Receiver Type
	Rake Receiver

	Number of Rx Antennas
	2





Annex		2
The following metrics are used for evaluating the performance of the HS-DPCCH channel.
False Alarm
This event occurs when the NodeB falsely detects an ACK on the HS-DPCCH channel. This can occur in two ways:
· When the UE does not transmit (DTX) and the NodeB falsely receives an ACK. 
· This event occurs when the HS-SCCH is not received on the downlink at the UE. The UE therefore does not transmit an acknowledgement on the HS-DPCCH channel. The NodeB then falsely decodes the DTX as an ACK. 
· We assume that the HS-SCCH misdetection probability at the UE is 1%
· When the UE transmits a NACK which is falsely received as an ACK. 
· 
This error is unlikely to happen very often as the transition probabilities 
· We assume that a NACK would be transmitted 9.9% of the time. This assumes 10% BLER after the first transmission on the downlink. 
Therefore, the false alarm probability can be expressed as:


In the simulation we target the total false alarm probability to be 0.1%. 



Since and, the  component is rather small and can potentially be considered to be negligible.
Therefore, the effective false alarm target can be considered to be 


Note however that we do not make such simplifying assumptions in the results presented. It is expected though that such an assumption would not change the nature of the results in a significant way.

Misdetection or Decoding Error
This event occurs when the NodeB does not detect the ACK transmitted by the UE. This error event occurs in two ways:
· When the UE transmits an ACK but the NodeB does not detect the transmission and instead assumes DTX. This event is the more common of the two.
· When the UE transmits an ACK and the NodeB detects that there is a transmission on the HS-DPCCH channel (not DTX) but erroneously decodes it as a NACK.
We assume that an ACK is transmitted 89.1% of the time which results from the assumption of 10% BLER after the first transmission.
Therefore, the Misdetection or Decoding error probability can be expressed as:


For purposes of comparison, the target probabilities for the misdetection or decoding error considered in the simulations is 1%. 
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