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1. Introduction

In RAN1#77, a secondary pilot channel, DPCCH2, was introduced to enhance HS-DPCCH reliability in HetNet [1]. During the email discussions and the review of the CRs for the introduction of the Hetnet features in the specifications, some remaining details of the secondary pilot solution were discussed. This contribution provides further analysis:
On the transmission of DPCCH2 - According to the email discussion [77-38], two options are considered:
1. DPCCH2 is always transmitted when DPCCH is transmitted.

2. DPCCH2 is only transmitted when HS-DPCCH is transmitted.

On the power control for the non-serving HS-DSCH cell - In the agreements, 

… TPC bits on DPCCH carry the DL power control commands for F-DPCH transmitted from the non-serving HS-DSCH cell.
It is not clear how the TPC bits on DPCCH would power control the F-DPCH transmitted from the non-serving HS-DSCH cell when there are multiple non-serving HS-DSCH cells. It is also not clear if the quality targets used for the F-DPCH from the serving HS-DSCH cell and non-serving HS-DSCH cell are the same or independent. From the analysis provided in this contribution, it can be seen that it is beneficial to generate the TPC according to a specific non-serving HS-DSCH cell’s F-DPCH at the UE with an independent quality target.
2. Discussion

2.1 The transmission of DPCCH2

If HS-DPCCH is always transmitted, DPCCH2 should be always transmitted to enhance the HS-DPCCH reception at the Macro. However, when the CQI feedback cycle is long, and HS-PDSCH data transmission is infrequent, HS-DPCCH is not always transmitted. In such scenario, two options were proposed:

1. DPCCH2 is always transmitted when DPCCH is transmitted.

2. DPCCH2 is only transmitted when HS-DPCCH is transmitted.

When DPCCH2 is configured, TPC commands carried on DPCCH2 control the power of F-DPCH transmitted from the Macro cell. There is one F-DPCH related to the uplink DPCCH and another F-DPCH related to the uplink DPCCH2. For Option 1, as DPCCH2 is always transmitted, there is no issue for F-DPCH reception. For Option 2, if DPCCH2 is not transmitted when HS-DPCCH is not transmitted, the F-DPCH related to uplink DPCCH2 can be muted. However, the F-DPCH related to the uplink DPCCH cannot be muted because DPCCH is still transmitted. There is no control signal for the Macro to set the power of F-DPCH related to the uplink DPCCH. This F-DPCH received at the UE would suffer poor quality when there is deep fading. In this case, both synchronization reporting and TPC combining would be affected.
· Synchronization primitive reporting

According to 25.214 [2], out-of-sync shall be reported if the quality of the F-DPCH received from the serving HS-DSCH cell over the previous 160ms period is worse than a threshold. For Option 2, when DPCCH2 is not transmitted, there is no power control on Macro F-DPCH. If there is a deep fading during this period of time, the F-DPCH quality will likely be worse than the threshold, and out-of-sync primitive will be reported. 

In order to avoid reporting the out-of-sync primitive, it is suggested that the UE does not check the quality of F-DPCH when DPCCH2 is not transmitted. This is similar to the behavior when UL_DTX_Active is TRUE. In this way the out-of-sync reporting could be avoided. However, the transmission of F-DPCH related to DPCCH is still needed because DPCCH is still transmitted. The TPC command would have errors if the F-DPCH quality is poor. 
· TPC combining
When the UE is in SHO, all TPC commands received from the cells in the active set will be combined to generate a single TPC command. For Option 2, when DPCCH2 is not transmitted, F-DPCH is still transmitted and used in the TPC combining procedure. If the quality of the F-DPCH from the Macro is poor, the error of the TPC command would affect the resulting combined TPC command. We observe the following:

Observation 1: There would be TPC errors if DPCCH2 is not transmitted when HS-DPCCH is not transmitted.

From the discussions above, it is observed that both synchronization reporting and TPC combining are affected if Option 2 is adopted. For Option 1, the only issue is the additional uplink interference to the LPN. However, if the CQI feedback cycle is short, HS-DPCCH is transmitted frequently and the amount of interference saved by not transmitting DPCCH2 is small. Option 1 would only generate additional interference over Option 2 when the CQI feedback cycle is long, and Option 1 has the advantage of not impacting the synchronization reporting and TPC combining. Hence we propose:

Proposal 1: DPCCH2 is transmitted when DPCCH is transmitted.
2.2 Power control for the non-serving HS-DSCH cell

In order to generate a TPC command, a UE needs to perform two operations: measurement of the channel quality and comparison of the measured channel quality with a target quality. 
2.2.1 Measurement of the non-serving HS-DSCH cell’s F-DPCH quality

In the case when there is only one non-serving HS-DSCH cell in the active set, the UE could simply follow the legacy mechanism to measure the quality of the non-serving HS-DSCH cell’s F-DPCH. If there are multiple non-serving HS-DSCH cells in the active set, the measurements to be made at the UE should be clearly defined. Several options have been mentioned so far according to the email discussion:
Option 1: UE measures the F-DPCH from the non-serving HS-DSCH cell specified by the network. The measurement result is used for comparison.

Option 2a: UE measures the F-DPCHs from all non-serving HS-DSCH cells in the active set. Only the result with best F-DPCH quality is used for comparison.

Option 2b: UE measures the F-DPCHs from all non-serving HS-DSCH cells in the active set. Only the result with worst F-DPCH quality is used for comparison.

Option 1 can guarantee a specified non-serving HS-DSCH cell’s F-DPCH quality. For example, when E-DCH decoupling is used at the LPN, it is beneficial to have reliable F-DPCH reception from the serving E-DCH cell. If LPN knows that its F-DPCH is reliable at the UE, it can use the F-DPCH power to set the E-AGCH/E-HICH/E-RGCH power. If E-DCH decoupling is not used, the network can specify one of the LPN cells as the target cell for the quality measurement at the UE, while keeping the non-serving Macro cell and serving Macro cell’s SHO power control behaviour like legacy. From an implementation point of view, this solution is simple because the UE only needs to measure the F-DPCH quality from the specified cell regardless of the number of the cells in the active set.
Option 2a can only guarantee the best non-serving HS-DSCH cell’s F-DPCH quality. However, when the non-serving HS-DSCH cells in the active set contain a Macro cell and an LPN, the non-serving Macro’s F-DPCH quality would be better than the LPN’s F-DPCH quality. The intention for introducing an independent power control loop for the LPN cannot be fulfilled. In addition, monitoring the quality of all non-serving cells would increase complexity at the UE, because the additional complexity depends on the number of non-serving HS-DSCH cells in the active set.

Option 2b can guarantee all non-serving HS-DSCH cells’ F-DPCH quality. However, when the non-serving HS-DSCH cells in the active set consist of a Macro and an LPN, Macro’s F-DPCH quality would easily be better than LPN’s F-DPCH quality. When LPN’s F-DPCH is sufficient, Macro’s F-DPCH quality would be more than sufficient, causing excessive power consumption at the Macro. In addition, monitoring the quality of all non-serving cells would increase complexity at the UE, which is similar to the Option 2a. As a result, the additional measurement made at the UE is not necessary and does not bring any benefit.
Moreover, Option 1 adopts the legacy mechanism for power control because only one specified cell’s F-DPCH is used to generate the TPC command, while Option 2a and 2b introduce a new mechanism because more than one cell’s F-DPCHs are to be used.

From the analysis above, we propose to adopt Option 1:

Proposal 2: UE measures the F-DPCH from the non-serving HS-DSCH cell specified by the network.
2.2.2 The target quality for the non-serving HS-DSCH cell
Having two independent quality targets is beneficial. For example, in order to reach a certain F-DPCH quality at the UE, the required transmit F-DPCH power at the non-serving LPN would be much higher than the transmit power at the Macro. Table 1 shows that the power consumption difference between LPN and Macro for a single quality target can be as large as 16 dB, when the RSCP difference between the Macro and the LPN is 9dB. The simplified HetNet topology described in subclause 7.2.1.1.1 of the HetNet TR [3] is used, and the key simulation assumptions are listed Table 2.
Table 1: Macro and LPN F-DPCH Ec/Ior to achieve 4% TPC BER at various RSCP difference
	RSCPMacro – RSCPLPN
(dB)
	F-DPCH

TPC BER 

(%)
	Averaged Macro F-DPCH Ec/Ior (dB)
	Averaged LPN  F-DPCH Ec/Ior (dB)

	0
	4
	-22.8
	-22.5

	3
	4
	-25.7
	-19.6

	6
	4
	-27.5
	-16.8

	9
	4
	-29
	-13.1


Table 2: Key simulation assumptions

	Parameter
	Value

	Number of antennas at the UE
	2

	Max F-DPCH Ec/Ior
	-10 dB

	Channel Estimation
	Realistic

	Propagation Channel
	PA3

	Target TPC BER
	4%


Observation 2: It is beneficial to generate the TPC according to a specific non-serving HS-DSCH cell’s F-DPCH at the UE with an independent quality target.
In order to save LPN F-DPCH power, a separate quality target for LPN F-DPCH can be signalled to the UE, while not impacting the serving Macro’s F-DPCH quality. The two separate quality targets would then give more flexibility to the network when controlling the transmit power at the Macro and the LPN. We propose:
Proposal 3: A separate quality target is set at the UE for the specified non-serving HS-DSCH cell’s F-DPCH.
3. Conclusions

This contribution discusses the remaining details of the secondary pilot solution. We have the following observations and proposals.

For the transmission of DPCCH2, 
Observation 1: There would be TPC errors if DPCCH2 is not transmitted when HS-DPCCH is not transmitted.
Proposal 1: DPCCH2 is transmitted when DPCCH is transmitted.
For the power control for the non-serving HS-DSCH cells, 
Observation 2: It is beneficial to generate the TPC according to a specific non-serving HS-DSCH cell’s F-DPCH at the UE with an independent quality target.
Proposal 2: UE measures the F-DPCH from the non-serving HS-DSCH cell specified by the network.
Proposal 3: A separate quality target is set at the UE for the specified non-serving HS-DSCH cell’s F-DPCH.
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