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Discussion and Decision
1. Introduction

In RAN1#77, the conclusion on HS-DPCCH solutions is:
Secondary pilot as working assumption. The network is allowed not to configure the secondary pilot (it is optional for the network to use the secondary pilot). Evaluation of secondary pilot solution respect to the baseline (ILPC restriction and RRC signalling to updated the bed_ref) to be discussed at next meeting.

In this contribution, we provide link level evaluation of the baseline solution and the secondary pilot solution for which two options are evaluated depending on the E-DPCCH power configuration.

2. Discussion

2.1 Baseline solution
When a Macro UE has an LPN in its active set, its HS-DPCCH power would be insufficient at the Macro due to the “or of down” power control rule in soft handover region. In order to have sufficient HS-DPCCH reception quality at the Macro, with the baseline solution the LPN always sends “+1” TPC commands to the UE so that the UE is effectively only following Macro TPC commands. However, due to uplink imbalance, the UE uplink power at the LPN needs to be restricted. This can be done by revising the bed_ref at the UE via RRC signalling. Since the DPCCH quality at the LPN is more than sufficient, the link efficiency can be improved. More data can be signalled with a smaller amount of E-DPDCH T/P. With a revised bed_ref, the uplink interference to the LPN can be reduced. The bed_ref can be chosen according to the uplink imbalance measured at the RNC, which can be estimated by the difference of SIR target set at the Macro and the actual DPCCH SIR reported from the LPN. This solution can solve the HS-DPCCH issue in HetNet and it works well under semi-static environment.
2.2 Secondary pilot solution
This solution was introduced in [1] and [2]. A secondary pilot, DPCCH2 is introduced to act as the phase reference for the HS-DPCCH channel at the Macro. The DPCCH2 and the HS-DPCCH are only power controlled by the Macro. E-DPDCH power is still referenced to the original DPCCH, which is power controlled by both Macro and LPN like legacy. For E-DPCCH, there are 2 options:
Option 1: E-DPCCH power is referenced to DPCCH.

Option 2: E-DPCCH power is referenced to DPCCH2.

For Option 1, because DPCCH power is insufficient at the Macro, E-DPCCH power, which is referenced to DPCCH, is also insufficient. The E-DPCCH C/P needs to be high, otherwise, as already discussed in [2] and [3], E-DPCCH has poor detection performance at the Macro. The network can assign a larger E-DPCCH C/P to improve E-DPCCH performance at the Macro. However, as will be shown by simulations, the required E-DPCCH C/P is related to the actual imbalance value. As the E-DPCCH C/P is changed by the network via RRC signaling, it may not be updated in a timely fashion when the imbalance value changes.
Option 2 solves the E-DPCCH issue in Option 1 by referring the E-DPCCH power to the DPCCH2 so that the detection performance of E-DPCCH at the Macro can be reliable. However, there could be some issues when boosting is used. With boosting, E-DPCCH is considered as the pilot channel for E-DPDCH. NodeB needs to know the E-DPDCH to E-DPCCH ratio for data demodulation, especially for higher order modulation. In legacy systems, E-DPDCH to E-DPCCH ratio is known and configured by the network. In Option 2, this ratio is changing every slot because E-DPCCH is power controlled by the Macro while E-DPDCH is effectively power controlled by the LPN. The change of the ratio is at slot level and not known at the Macro and the LPN. Both NodeBs could estimate the ratio every slot, however the estimation accuracy is questionable.

For both options, DPCCH2 can be used for data demodulation. However, the NodeB would have to estimate the E-DPDCH to DPCCH2 ratio every slot. In addition, as the DPCCH power at the LPN is already sufficient for data demodulation, the additional power from DPCCH2 is expected to be irrelevant for further improving data demodulation.

Together with some other concerns for the secondary pilot solutions that have been identified so far in [2] and [3], here we summarize the concerns for the secondary pilot solutions:

· For Option 1, E-DPCCH reception at the Macro is an issue. E-DPCCH C/P cannot be updated timely when the imbalance changes.
· For Option 2, it is not clear how it would work when boosting is used.

· The TPC from the UE received at the Macro is unreliable if it is only carried on the legacy DPCCH.

· The introduction of DPCCH2 increases NodeB complexity as additional channel estimation for DPCCH2 is needed and additional F-DPCH resource is to be allocated to power control DPCCH2.
3. Performance evaluation
When there is no UL data transmission, HS-DPCCH misdetection performance for all solutions is the same because they all have a pilot that is only power controlled by the Macro and the HS-DPCCH power is referenced to that pilot power. From a power consumption point of view, secondary pilot solutions would consume more power than the baseline solution because there is a pilot channel that is power controlled by the Macro and the LPN.
Results of performance evaluation when there is UL data transmission follow. The simulation assumptions and scenarios are listed in Table 1. The imbalance value is static in the simulations. SIR target is fixed at -21dB and the TBS is fixed at 120. The E-DPDCH T/P is configured such that the resulting E-DPDCH data rate reaches 90% of the full data rate. The HS-DPCCH C/P and E-DPCCH C/P are configured such that the reception quality at the Macro is satisfied.
Table 1: Simulation assumptions

	
	ILPC restriction + RRC signaling to update bed_ref


	Secondary pilot (1)          E-DPCCH to DPCCH
	Secondary pilot (2)          E-DPCCH to DPCCH2

	Imbalance
	0, 3, 6, 9, 12, 15, 18 dB

	TBS
	120

	SIR target
	-21dB for DPCCH
	-21dB for DPCCH2

	HS-DPCCH C/P
	It is set such that HS-DPCCH MD or DecErr at Macro is 1%

	E-DPCCH C/P
	It is set such that E-DPCCH MDR at Macro is 1%

	E-DPDCH T/P (Note1)
	It varies according to the imbalance values. The chosen E-DPDCH T/P should result in 90% of the full data rate.
	It is fixed regardless of the imbalance values.

	Metrics
	UE Tx Ec/No 
LPN Rx Ec/No 


For all simulations, we firstly find the required E-DPCCH C/P for each solution under various imbalance values. Then, we find the required E-DPDCH T/P for each solution under various imbalance values. For a certain imbalance value, we use the E-DPCCH C/P and E-DPDCH T/P in Table 2 and Table 3 to get the simulation results for statistics of UE Tx Ec/No and LPN Rx Ec/No.

Table 2 shows the required E-DPCCH C/P to reach ~1% MDR for various imbalance values. For secondary pilot Option 1, DPCCH2 is also used to decode E-DPCCH. From the results it can be seen that E-DPCCH C/P for baseline solution and secondary pilot Option 2 are the same because for both solutions, the E-DPCCH power is referenced to the pilot that is only power controlled by the Macro. For Option 1, DPCCH2 is used for channel estimation because DPCCH power is too low at the Macro. Although DPCCH2 is used, E-DPCCH C/P for Option 1 is still significantly higher than that for the other solutions. As a result, it is the E-DPCCH power level received at the Macro that limits the detection performance, not the pilot power. As current specifications only support E-DPCCH C/P up to 6dB when boosting is not used, this table needs to be expanded for the secondary pilot solution Option 1.
Table 2: Required E-DPCCH C/P (dB) to reach ~1% MDR for various imbalance values
	E-DPCCH C/P (dB)
	Baseline solution
	Secondary pilot (1)
	Secondary pilot (2)

	Imbalance (dB)
	0
	0
	6
	0

	
	3
	
	8
	

	
	6
	
	10
	

	
	9
	
	12
	

	
	12
	
	14
	

	
	15
	
	15
	

	
	18
	
	17
	


Table 3 shows the required E-DPDCH T/P values to reach 90% full data rate for various imbalance values. It can be seen that when the imbalance is large, for the baseline solution the E-DPDCH T/P is very small. This is because the DPCCH power at the LPN is very high, and the required T/P can be greatly reduced to achieve sufficient data performance. For the secondary pilot solutions Option 1 and 2, their E-DPDCH T/P is fixed at 6dB for different imbalance values. This is because DPCCH and E-DPDCH are actually power controlled by the LPN and the received power of DPCCH and E-DPDCH is stable at the LPN.
Table 3: Required E-DPDCH T/P (dB) to reach 90% full data rate for various imbalance values

	E-DPDCH T/P (dB)
	Baseline solution
	Secondary pilot (1)/(2)

	Imbalance (dB)
	0
	6
	6

	
	3
	5
	

	
	6
	3
	

	
	9
	0.5
	

	
	12
	-2
	

	
	15
	-5
	

	
	18
	-8
	


Next we show the statistics of UE Tx Ec/No and LPN Rx Ec/No for various imbalance values in Table 4. These results show that for all considered imbalance scenarios, when the uplink data rate is at 90%, the UE Tx power for the secondary pilot Option 1 is higher than for Option 2 and the baseline solution. This is because in Option 1 the power control for E-DPCCH is inefficient: it is mostly power controlled by the LPN but its performance should be sufficient at the Macro. A larger power margin is required at E-DPCCH to meet the required performance at the Macro. The UL interference at the LPN for all solutions is similar, although secondary pilot Option 2 generates slightly less interference at the LPN, within 1dB, over the baseline solution and secondary pilot Option 1. However, it is not clear how Option 2 would work in boosting scenario. 
Table 4: Comparisons for the UE Tx power and UL interference for different solutions
	　
	UE Tx power Ec/N0 (dB)
	LPN Rx power Ec/N0 (dB)

	Imbalance (dB)
	ILPC + RRC
	Secondary pilot (1)
	Secondary pilot (2)
	ILPC + RRC
	Secondary pilot (1)
	Secondary pilot (2)

	0
	-12.63
	-12.15
	-12.915
	-12.529
	-12.8754
	-13.39

	3
	-13.187
	-12.61
	-13.9767
	-10.087
	-10.5807
	-11.4624

	6
	-14.124
	-13.19
	-14.756
	-8.019
	-8.276
	-9.1369

	9
	-14.973
	-14
	-15.3623
	-5.8756
	-6.067
	-6.5818

	12
	-15.525
	-14.4
	-15.8127
	-3.427
	-3.32
	-3.8785

	15
	-15.939
	-15.38
	-16.0539
	-0.833
	-1
	-1.03

	18
	-16.14
	-15.54
	-16.1584
	1.962
	1.99
	1.9063


From the evaluation results and the analysis, we have the following observations:
Observation 1: For the secondary pilot solution Option 1 the required E-DPCCH C/P varies for different imbalance values. The update of E-DPCCH C/P needs to be done by RRC signaling and this implies a certain delay. 
Observation 2: The baseline solution and the secondary pilot solution Option 2 perform slightly better than secondary pilot solution Option 1, and the secondary pilot solution Option 2 performs similar to the baseline solution.
Observation 3: It is not clear how secondary pilot solution Option 2 would work in boosting scenario.
4. Conclusions

In this contribution, we provide the evaluations for the baseline solution, and secondary pilot solution Option 1 and Option 2. All solutions can solve the HS-DPCCH issues. From the uplink performance perspective, we have the following observations.
Observation 1: For the secondary pilot solution Option 1 the required E-DPCCH C/P varies for different imbalance values. The update of E-DPCCH C/P needs to be done by RRC signaling and this implies a certain delay. 

Observation 2: The baseline solution and the secondary pilot solution Option 2 perform slightly better than secondary pilot solution Option 1, and the secondary pilot solution Option 2 performs similar to the baseline solution.

Observation 3: It is not clear how secondary pilot solution Option 2 would work in boosting scenario.
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