Page 1
[bookmark: OLE_LINK40][bookmark: OLE_LINK73][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK35][bookmark: OLE_LINK219]3GPP TSG RAN WG1 Meeting #78		R1-143334
Dresden, Germany, 18th – 22th August 2014

Source:	QUALCOMM Incorporated, 
Title:	Transmission Pattern of Secondary Pilot
Agenda item:		6.3.2
Document for:	Discussion/Decision
[bookmark: _GoBack]1	Introduction
[bookmark: OLE_LINK6]In RAN1#77, a secondary pilot was introduced as part of the Hetnet WI to ensure reliability of control channels at the Macro cell. One of the remaining open issues for the completion of the spec is to determine the transmission pattern of the secondary pilot. Two options are currently being considered:
· Transmit the secondary pilot (DPCCH2) only when HS-DPCCH is transmitted
· Transmit the secondary pilot (DPCCH2) whenever DPCCH is transmitted
In this contribution, we present the benefits and the impact of transmitting the secondary pilot only when the HS-DPCCH is transmitted. It is assumed that the second option has no impact to system performance. 
2	Secondary Pilot Transmission Pattern
[bookmark: OLE_LINK222]To assess the benefit and impact of transmitting DPCCH2 only when HS-DPCCH is transmitted, we consider a typical transmission pattern. The following assumptions are made:
· The discontinuous transmission pattern of DPCCH2 follows the same rules as defined for CPC, i.e., any transmission burst of DPCCH2 is preceded by two preambles and succeeded by one postamble.
· The CQI feedback cycle is 8ms, or k=4.
The typical transmission pattern follows from the above assumptions and is illustrated in Figure 1.
[image: ]
Figure 1: Transmission pattern for the secondary pilot (DPCCH2)
It can be seen in Figure 1 that with a typical CQI transmission pattern and with HARQ-ACK transmission, the on/off period is 6 slots of DPCCH2 followed by 6 slots of DTX. This 6/6 on/off transmission pattern is used in the following analysis.
3	Benefits of Discontinuous Secondary Pilot
The main benefit of a discontinuous secondary pilot is the reduction of interference at the LPN. Depending on the amount of UL/DL imbalance seen in a Hetnet framework, the RX Ec/No impact on the LPN changes. 
The simulation assumptions used are similar to those used in [1] and are also reproduced in the annex for reference. In the simulations, the HS-DPCCH and E-DPCCH beta factors are chosen to meet their respective targets. The simulations compare the Rx Ec/No values observed at the LPN for the following two cases: 
· Discontinuous DPCCH2 transmission in the pattern shown in Figure 1
· Continuous DPCCH2 (since DPCCH is continuously transmitted)
The results for the two cases are shown in Table 1. 




Table 1: Beta factors for HS-DPCCH and E-DPCCH used for different imbalances
	Imbalance
	HS-DPCCH C/P [dB]
	E-DPCCH C/P [dB]
	LPN Rx Ec/No [dB]
	Gain [dB]

	
	
	
	Continuous DPCCH2
	Discontinuous DPCCH2
	

	0
	-1.44
	-1.35
	-8.57
	-9.01
	0.44

	-3
	-1.44
	1.43
	-7.14
	-7.9
	0.76

	-6
	-1.44
	4.61
	-5.89
	-6.89
	1

	-9
	-1.44
	7.51
	-4.24
	-5.66
	1.42

	-12
	-1.44
	10.31
	-2.18
	-3.91
	1.73



As seen in Table 1, there’s a reduction in the interference at the LPN of up to 1.73dB depending on the amount of UL/DL imbalance. While this is the reduction seen at the target LPN, similar reductions in interference may be observed at other non-serving cells as well. This cumulative reduction of interference has the potential to have a significant effect on UL system capacity.

4	Impact of Discontinuous DPCCH2 on Out-of-Sync 
The following pertinent agreements were made regarding the secondary pilot:
· TPC bits on DPCCH2 carry the DL power control commands for F-DPCH transmitted from the Macro
· TPC bits on DPCCH carry the DL power control commands for F-DPCH transmitted from the LPN
· Two F-DPCHs are transmitted from the Macro for power controlling the DPCCH and the DPCCH2
If the DPCCH2 transmission were to be discontinuous, then power control commands for DL power control are also discontinuous. While the F-DPCH2 can be transmitted discontinuously, the F-DPCH which power controls the DPCCH is transmitted in a continuous fashion or as long as DPCCH is transmitted. As a result, the Ec/Ior applied on F-DPCH at the NodeB is adjusted only when the TPC commands are available. When the commands are not available, it is assumed that the transmit power is kept constant. 
Since the Out-of-Sync procedure is based on the reliability of the F-DPCH from the Macro, the discontinues power control may affect the OoS procedure. This aspect is investigated in this section.
OoS Procedure
The UE declares Out-of-Sync when the F-DPCH SNR over 160ms (240 slots) is less than a threshold Qout. Once the UE is in OoS status, the F-DPCH SNR over 160ms should be greater than a threshold Qin for the UE to get back in In-Sync status. 
We compare the out-of-sync probability for the following two cases:
Case 1: Continuous F-DPCH power control. This corresponds to the case where the DPCCH2 is transmitted continuously and consequently, the TPC commands are available every slot.
Case 2: Discontinuous F-DPCH power control. This corresponds to the case of discontinuous DPCCH2 transmission where the TPC commands are available only when DPCCH2 is transmitted. The DPCCH2 transmission pattern is shown in Figure 1. When TPC commands are not available the F-DPCH Ec/Ior is kept constant. 
Case 3: CPC. This case corresponds to the typical CPC power control where the pilot and F-DPCH are both discontinuous. However, the OoS evaluation is made only over the slots where F-DPCH TPC commands are known to be transmitted. This case is simulated as a reference.
Simulation assumptions are provided in Annex 2. Table 2 shows the simulation results for the two cases described above.
Table 2: Out-of-Sync probability for continuous TPC, discontinuous TPC and CPC
	Geometry [dB]
	OoS Probability

	
	Continuous TPC
	Discontinuous TPC
	CPC

	3
	0%
	0%
	0%

	0
	1%
	1%
	0%

	-3
	2%
	2%
	1%

	-6
	11%
	11%
	7%

	-9
	35%
	35%
	36%

	-12
	69%
	69%
	78%

	-15
	92%
	92%
	98%



As seen in Table 2, the OoS probability increases with the decrease in geometry. In practice such low geometries occur when the shadow fading component increases causing dips in the signal energy. 
It should be noted that the OoS probability for both continuous and discontinuous TPC cases are the same whereas the OoS for the CPC case is slightly worse. OoS in such cases is caused because the F-DPCH Ec/Ior reaches the maximum transmit power threshold that is applied. In the simulations, the max F-DPCH Ec/Ior was set to be -13dB. In the case of CPC the F-DPCH SNR is averaged over twice the number of slots which contributes to the slightly higher OoS probability. 
Figures 2 and 3 show the trace of the F-DPCH Ec/Ior for Geometries of -3dB and -9dB respectively.
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Figure 2: Trace of F-DPCH Ec/Ior; Geometry = -3dB
	[image: ]
Figure 3: Trace of F-DPCH Ec/Ior; Geometry = -3dB


It can be seen from Figures 2 and 3 that the F-DPCH Ec/Ior reaches the maximum quite often at G=-9dB when compared to the G=-3dB. This corresponds to an increased OoS probability for the latter. 
It can be concluded from the results that the discontinuous F-DPCH power control has little no effect on the OoS probability. 
In Sections 3 and 4, we have shown that the benefit of discontinuous DPCCH2 is the reduction of interference up to 1.72dB for each non-serving cell. On the other hand, the impact of discontinuous DPCCH2 is shown to be negligible. Based on this analysis, the following is proposed:
Proposal: The Secondary Pilot (DPCCH2) is transmitted only when HS-DPCCH is transmitted. CPC rules with regards to preambles and postambles are followed for DPCCH2 bursts.

[bookmark: OLE_LINK79]5	Conclusions
In this contribution, the transmission of the secondary pilot (DPCCH2) was investigated. The benefit of transmitting the DPCCH2 only when HS-DPCCH is transmitted was shown in terms of a reduction of the LPN Rx Ec/No. This reduction is application to all non-serving cells which are being interfered with by the UE. 
Additionally, the impact of discontinuous DPCCH2 transmissions on OoS probability was studied. Based on the results obtained, it can be concluded that discontinuous power control of the F-DPCH has little to no impact on the OoS probability. Therefore, the following is proposed:
Proposal: The Secondary Pilot (DPCCH2) is transmitted only when HS-DPCCH is transmitted. CPC rules with regards to preambles and postambles are followed for DPCCH2 bursts.
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Annex		1
[bookmark: OLE_LINK20]Table 3: Simulation Assumptions for evaluation of LPN Rx Ec/No
	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 

	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
Table 4: Simulation Assumptions for evaluating Out-of-Sync probability
	Parameter
	Value

	Receiver
	Single Rx RAKE

	Channel
	PA3

	F-DPCH EcIor max
	-13dB

	F-DPCH EcIor min
	-40dB

	TPC BER target
	4%

	F-DPCH SIR target
	[-35  -5] dB

	CPICH EcIor
	-10dB

	OCNS
	Enabled

	Discontinuous TPC 
	M = 6 slots
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