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1. Introduction

In RAN1#76, several solutions for HS-DPCCH issue were discussed:

Solutions considered so far:

1. Virtual secondary pilot (R1-140140 proposal 3)

2. Dynamic rate and power adjustment (R1-140681)

3. Dynamic SIR manipulation (R1-140706, 1st solution)

4. Secondary pilot (R1-140706)

5. Dynamic LPN ILPC restriction (R1-140706, 2nd solution)

Also the methodology for evaluation was decided:
Framework for evaluation (link level) is provided in the TR25.800, Section7.1.4.1. 

Metrics to evaluate:

1. ACK/NACK misdetection (HS-DPCCH); Happy Bit reliability (E-DPCCH)

2. Uplink interference at the LPN

3. UE Tx power

4. Macro F-DPCH power consumption
5. Impact to specification
In this contribution, further considerations and simulation results for these solutions are shown. Compared with other solutions, dynamic rate and power adjustment solution performs better and does not introduce additional channels.
2. Discussion

2.1 Virtual secondary pilot

The virtual secondary pilot was introduced in [1]:

· DPCCH is the primary pilot that is power controlled only by the macro where the power of the HS-DPCCH is based on
· E-DPCCH acts as a virtual secondary pilot that is power controlled by the macro and LPN where the powers of the E-DPDCHs are based on.
The benefit of this solution is that DPCCH and HS-DPCCH are reliable at the Macro NodeB because they are only power controlled by the Macro. However, some concerns on this method exist.
1. It is not clear how to configure the initial power of E-DPCCH when a new E-DPDCH transmission is initiated since E-DPCCH is not transmitted when there is no E-DPDCH transmission. If the UE does not transmit E-DPDCH continuously, it is not clear how to power control the E-DPCCH from the Macro and the LPN. It is possible to enable E-DPCCH transmission even when there is no E-DPDCH transmission but this implies additional power consumption. 
2. Assume that E-DPCCH is always transmitted. Due to imbalance, E-DPCCH power is generally controlled by the LPN, and E-DPCCH power at the Macro would be insufficient. As it will be shown in the simulations, the miss detection rate of E-DPCCH is as high as 20% when the imbalance is 9dB even with 6dB E-DPCCH C/P (maximum value when boosting is not applied).

3. DPCCH power is controlled only by the Macro. Due to imbalance, DPCCH power is generally more than sufficient at the LPN. The reference TBS selection for a certain reference E-DPDCH T/P depends on the pilot power measured at the NodeB. When the pilot power is strong, a reduced reference beta factor (ed,ref) can be assigned for better link efficiency because smaller reference E-DPDCH T/P can be consumed for a certain reference TBS. For the virtual pilot solution however, as the E-DPDCH power is based on E-DPCCH, which is power controlled independently from DPCCH, the pilot on the DPCCH cannot be used for E-DPDCH demodulation. As a result, the ed,ref cannot be modified to achieve better link efficiency. 
4. When boosting is applied, the E-DPCCH power is based on DPCCH and changes with the TPC commands. The E-DPDCH power is based on the total pilot power according to a certain T2TP. For the virtual secondary pilot solution, since the power control loops of E-DPCCH and DPCCH are independent, it is not clear how to set the E-DPDCH power at the UE with a certain T2TP when boosting is applied. 
2.2 Dynamic rate and power adjustment
This solution was introduced in [2]. The meaning of legacy TPC commands is re-interpreted as illustrated in Figure 1 and described below.
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Figure 1: Illustration of the dynamic rate and power adjustment solution
· DPCCH is only power controlled by the Macro. 
· HS-DPCCH, E-DPCCH and E-DPDCH power is based on DPCCH power as in legacy power configuration. 

· LPN measures the DPCCH quality to determine an updated ed,ref for E-DPDCH for better link efficiency. The updated ed,ref is sent to the UE via LPN F-DPCH at TTI level. UE would perform the legacy TBS selection procedure according to the updated ed,ref. A pre-defined sequence of F-DPCH from the LPN can be used to indicate the updated ed,ref to the UE.

· The legacy serving grant control mechanism is unchanged. It is controlled by LPN E-RGCH (as well as by E-AGCH if E-DCH decoupling is applied).

· The target SIR is to maintain DPCCH quality at the Macro. The DPCCH/HS-DPCCH/E-DPCCH BER at the Macro affects the SIR target. E-DPDCH BLER can affect the updated ed,ref signaled to the UE.
For this solution, HS-DPCCH and E-DPCCH would have reliable performance at the Macro because they are only power controlled by the Macro. Due to imbalance, the DPCCH power at the LPN is more than sufficient most of the time. An updated ed,ref can be signaled to the UE to achieve better link efficiency. As LPN TPC does not power control the DPCCH, it can be re-interpreted to indicate the reference beta factor at TTI level. The uplink interference to the LPN is performed by grant control via E-RGCH as well as E-AGCH when E-DCH decoupling is applied. As a result, DPCCH/HS-DPCCH/E-DPCCH would have reliable performance at the Macro, and the better uplink to the LPN is used to improve improved link efficiency.
2.3 Secondary pilot

This solution was introduced in [3]. A secondary pilot is introduced to act as the phase reference for the HS-DPCCH channel at the Macro. It is power controlled only by the Macro cell. The data decoding performance is unaffected since the E-DPCCH and E-DPDCH are still referenced to the primary pilot in DPCCH.

This solution can have reliable HS-DPCCH at the Macro. However, as noted in [4], some concerns exist.
1. TPC from the UE received at the Macro is unreliable if it is only carried on the legacy DPCCH.
2. With the additional pilot channel, additional F-DPCH resources need to be used at the Macro.
3. Macro complexity is increased because additional channel estimation for the new pilot channel is required.
In addition, E-DPCCH detection performance at the Macro can be insufficient. Because E-DPCCH power is referenced to DPCCH, it is actually power controlled by the LPN. Macro needs to use the secondary pilot instead of primary pilot to detect E-DPCCH, and the E-DPCCH C/P should be high enough because DPCCH power at the Macro is very low. As it is shown in the simulations, even with 6dB E-DPCCH T/P (the maximum value when boosting is not applied), the miss detection rate of E-DPCCH can be as high as 20% when the imbalance is 9dB. 
Similar to the virtual pilot power solution, the Macro controlled secondary pilot power is generally more than sufficient at the LPN, but it cannot be used to improve the link efficiency at the LPN. The reference TBS selection at a certain reference E-DPDCH T/P depends on the pilot power measured at the Node B. When the pilot power is strong, a reduced ed,ref can be assigned for better link efficiency because smaller reference E-DPDCH T/P can be consumed for a certain reference TBS. For the secondary pilot solution, however, as the E-DPDCH power is based on DPCCH which is power controlled independently from the secondary pilot, the secondary pilot at the LPN cannot be used for E-DPDCH demodulation. As a result, the ed,ref cannot be modified to achieve better a link efficiency.
2.4 HS-SCCH order based methods

Dynamic SIR manipulation and dynamic ILPC restriction were introduced in [5]. They both introduce a new HS-SCCH order from the Macro to update the ed,ref to improve the link efficiency of the UE uplink. The principle of the ed,ref update is identical to the ed,ref update in the dynamic rate and power adjustment solution. However, as Macro does not know the imbalance scenario and the uplink quality at the LPN, it requires the RNC to relay the information. As mentioned in [5], the latency for the RNC to relay this information would not be small enough to address a particular imbalance scenario. In addition, as the information is known by the RNC, RNC can determine an updated ed,ref and signal it to the UE via RRC signaling directly as in legacy way. The latency difference of the HS-SCCH order methods and the RRC signaling method is very small.
3. Performance evaluations
Simulation assumptions and scenarios are described in [6], section 7.1.4. The metrics to be shown are:
1. ACK/NACK misdetection (HS-DPCCH); Happy Bit reliability (E-DPCCH)

2. Uplink interference at the LPN

3. UE Tx power

4. Macro F-DPCH power consumption
As the E-DPCCH power control mechanism is not clear for the virtual secondary pilot solution, only theoretical analysis for the performance of virtual secondary pilot solution is given. Simulation results for the dynamic rate and power adjustment solution and for the secondary pilot solution are provided.
The ACK/NACK misdetection performance of the HS-DPCCH has been well studied in the TR25.800. 
When there is no UL data transmission, dynamic rate and power adjustment solution and secondary pilot solution would have exactly the same HS-DPCCH misdetection performance because both solutions have a pilot that is only power controlled by the Macro, and the HS-DPCCH power is based on that pilot power. The only difference is that the secondary pilot solution has an additional pilot that is power controlled by Macro and LPN. This results in additional power consumption at the UE and additional UL interference at the LPN. This is also the same as the virtual pilot solution when E-DPCCH is always transmitted. For the dynamic rate and power adjustment solution, there is no such channel needing additional UE Tx power and causing additional UL interference. This is also the same as the virtual pilot solution when E-DPCCH is not always transmitted. 

From the downlink point of view, an additional F-DPCH channel is transmitted for the secondary pilot solution. In order to have reliable F-DPCH reception quality, the additional F-DPCH power consumption at the Macro should be the same as the legacy F-DPCH. This is the same as the virtual pilot solution when E-DPCCH is always transmitted. For the dynamic rate and power adjustment solution, only one F-DPCH is transmitted. This is the same as the virtual pilot solution when E-DPCCH is not always transmitted. 
When there is UL data transmission, we firstly evaluate E-DPCCH detection performance at the Macro for the secondary pilot solution. E-DPCCH detection performance for the secondary pilot solution is questionable because it is generally power controlled by the LPN. In the link simulations, we use the secondary pilot to detect E-DPCCH. The miss detection rate of E-DPCCH with 6dB E-DPCCH C/P (the maximum value when boosting is not applied) for different imbalance values is shown in Table 1. The required E-DPCCH C/P to achieve a miss detection rate smaller than 1% is also shown. It can be seen that the E-DPCCH C/P must be very high when imbalance is large otherwise it cannot be detected reliably at the Macro. To have reliable detection performance of E-DPCCH at the Macro, the maximum E-DPCCH C/P needs to be increased. These results are also applicable to the virtual secondary pilot solution, because its E-DPCCH is also generally power controlled by the LPN.
Table 1: E-DPCCH detection performance for secondary pilot solution

	Miss detection 
	E-DPCCH C/P (dB)

	Imbalance (dB)
	6
	8
	10
	13
	14
	15
	16

	0
	0.006
	
	
	
	
	
	

	3
	0.023
	0.0074
	
	
	
	
	

	6
	0.0756
	
	0.008
	
	
	
	

	9
	0.199
	
	
	0.003
	
	
	

	12
	0.389
	
	
	
	0.005
	
	

	15
	0.613
	
	
	
	
	0.008
	

	18
	0.786
	
	
	
	
	
	0.006


For the dynamic rate and power adjustment solution, as DPCCH is only power controlled by the Macro, E-DPCCH detection performance at the Macro is also very stable. The miss detection rate is 0.006, within 1%, when E-DPCCH C/P is 0dB, and the SIR target for the DPCCH at the Macro is -21dB. The performance is the same at different imbalance values.

Observation 1: The miss detection rate of E-DPCCH for the secondary pilot solution is much higher than the one for the dynamic rate and power adjustment solution.

Next, we provide the results of UE Tx power and interference at the LPN. In the simulations, TBS size is fixed to 120. HS-DPCCH C/P is set so that its miss detection rate at the Macro is at 1%. For the dynamic rate and power adjustment solution, E-DPCCH C/P is always 0dB. Different E-DPDCH T/P values are assigned for different imbalance scenarios, reflecting the revised ed,ref at the UE. For the secondary pilot solution, the E-DPCCH C/P is determined by the imbalance scenario so that the E-DPCCH miss detection rate is within 1%. Table 2 shows the simulation results when the uplink throughput is 90%.

	Table 2: Comparisons for the UE Tx power and UL interference

　
	UE Tx power Ec/N0 (dB)
	UL interference at the LPN Ec/N0 (dB)
	E-DPDCH T/P (dB)

	Imbalance (dB)
	Dynamic rate and power
	Secondary pilot
	Dynamic rate and power
	Secondary pilot
	Dynamic rate and power
	Secondary pilot

	0
	-12.63
	-12.03
	-12.535
	-12.69
	6
	6.5

	3
	-14.13
	-12.499
	-11.03
	-10.35
	4
	6.5

	6
	-14.127
	-13.13
	-8.027
	-8.06
	5
	6

	9
	-14.83
	-13.07
	-5.739
	-5.054
	1
	6

	12
	-15.54
	-13.888
	-3.444
	-2.67
	-4
	6

	15
	-16.0208
	-14.54
	-0.91845
	-0.097
	-6
	5

	18
	-16.1528
	-14.89
	1.9428
	2.759
	-8
	5


From the results, it can be seen that for all considered imbalance scenarios, UE Tx power and UL interference at the LPN for the dynamic rate and power adjustment solution are smaller than those obtained from the secondary pilot solution. The E-DPDCH T/P used by the dynamic rate and power adjustment solution varies from 6dB to -8dB for different imbalance scenarios. Because when the imbalance is large, the pilot power is very strong at the LPN and a reduced E-DPDCH T/P can be used to transmit the same amount of data. The E-DPDCH T/P used by the secondary pilot solution does not have much variation. This is because the DPCCH power at the LPN is stable, and only DPCCH is used for data demodulation. The secondary pilot at the LPN cannot be used for E-DPDCH demodulation to save E-DPDCH T/P. As a result, the dynamic rate and power adjustment solution reduces the UE Tx power and the UL interference at the LPN from the reduced E-DPCCH C/P and the reduced E-DPDCH T/P.
Observation 2: Secondary pilot solution introduces more interference to the LPN compared with the dynamic rate and power adjustment solution.

Finally, we discuss the F-DPCH power consumption at the Macro. For the secondary pilot solution, there are one F-DPCH for DPCCH and one F-DPCH for the secondary pilot so the power consumption for F-DPCH at the Macro is doubled. This is the same for the virtual pilot solution.
Observation 3: Secondary pilot solution and virtual pilot solution require double power consumption on Macro F-DPCH compared with dynamic rate and power adjustment solution.

As a summary, Table 3 describes the evaluation results for the 3 solutions. 

Table 3: Summary of the evaluation for the three solutions
	
	Virtual pilot
	Secondary pilot 
	Dynamic rate and power

	HS-DPCCH performance
	Reliable at the Macro
	Reliable at the Macro
	Reliable at the Macro

	E-DPCCH performance
	Not reliable at the Macro with 6dB E-DPCCH C/P
	Not reliable at the Macro with 6dB E-DPCCH C/P
	Reliable at the Macro with 0dB E-DPCCH C/P

	UE Tx power and UL interference to LPN when no UL data
	UE Tx power and UL interference from E-DPCCH and DPCCH if E-DPCCH is always transmitted

UE Tx power and UL interference from DPCCH if E-DPCCH is not always transmitted
	UE Tx power and UL interference from secondary pilot and DPCCH
	UE Tx power and UL interference from DPCCH

	UE Tx power and UL interference when there is UL data
	Strong UE Tx power and UL interference to ensure E-DPCCH detection performance at the Macro.

Link efficiency at the LPN cannot be improved.
	Strong UE Tx power and UL interference to ensure E-DPCCH detection performance at the Macro.

Link efficiency at the LPN cannot be improved.
	Normal UE Tx power and UL interference.

Link efficiency at the LPN can be improved.


From the evaluation results, it can be seen that dynamic rate and power adjustment solution outperforms the secondary pilot and virtual pilot solutions. Thus we propose:
Proposal 1: Adopt dynamic rate and power adjustment solution for Rel-12 UEs.
3.1 LPN F-DPCH quality
For all solutions, F-DPCH from the LPN should be reliably detected by the UE. As noted in the TR25.800, if UE controls the LPN F-DPCH quality, reliable F-DPCH can be received without consuming too much power. At the Macro side, F-DPCH power can be determined via implementation, e.g., according to CQI feedback. Thus, it is proposed to change the DL power control mechanism for the F-DPCH transmitted by the LPN for all solutions:

Proposal 2: UE generates TPC commands to ensure the reliability of F-DPCH transmitted by the LPN in SHO operation. 
4. Conclusions

In this contribution, further analysis on the solutions to ensure reliability of HS-DPCCH discussed in RAN1#76 is shown, as well as evaluation results for the agreed metrics. Dynamic rate and power adjustment solution shows better performance and does not require additional power consumption at the Macro. No additional channels are introduced. The analysis on the impact to specification is given in [7].

Observation 1: The miss detection rate of E-DPCCH for the secondary pilot solution is much higher than the one for the dynamic rate and power adjustment solution.

Observation 2: Secondary pilot solution introduces more interference to the LPN compared with the dynamic rate and power adjustment solution.

Observation 3: New pilot solution and virtual pilot solution require doubled power consumption on Macro F-DPCH compared with dynamic rate and power adjustment solution.

Proposal 1: Adopt dynamic rate and power adjustment solution for Rel-12 UEs.

Proposal 2: UE generates TPC commands to ensure the reliability of F-DPCH transmitted by the LPN in SHO operation.  
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