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Discussion and Decision
1. Introduction

The UL CLTD performance is closely related to the F-TPICH reception quality, which can be affected by the transmission method. Currently there are two options for transmitting the F-TPICH:
· Option 1: The F-TPICH is only transmitted from the serving radio link.
· Option 2: The F-TPICH is transmitted from all radio links in the serving radio link set.

In RAN1#66bis, Option 2 was not preferred because it consumes more code resource at the Node B and the performance advantage was not clear. From the simulation results shown in this paper, however, we find that the performance advantage of Option 2 over Option 1 can be over 8 dB. In the case where there are at least 2 radio links in the same radio link set (softer handover, SHO), power control brings negative impact to Option 1. This will result in a very high F-TPICH transmit power at the Node B if good F-TPICH reception quality is desired. Statistics have shown that SHO occurs in about 12% of connections, which is non-trivial. From the performance perspective, we suggest adopting Option 2 as the transmit scheme for F-TPICH.
2. Discussion

2.1 General Description
As noted in [1]

 REF _Ref313001363 \r \h 
[2][3]

 REF _Ref313002051 \r \h 
[4], with low F-TPICH reception quality, the UE will decode the TPI incorrectly, resulting in UL CLTD performance degradation. Approaches have been proposed to alleviate such problem. In RAN1#66bis, it was agreed that:
· Agreement: The UE shall use the last used TPI when TPI quality is low.
As for the network side, behaviour to transmit F-TPICH was that:
· Option 1: The F-TPICH is only transmitted from the serving radio link.
In the chairman’s notes, it was also noted that 
· A power offset (PO) relative to the DPCCH (or F-DPCH) channel is introduced for the F-PCICH channel for the transmission of PCI feedback. This offset is signalled from the RNC to the NodeB. 

· Conclusion: this is up to the NodeB implementation; not specified. 
All of the above are designed to have good F-TPICH reception quality to achieve better UL CLTD performance. However, when the UE is in SHO, the UL CLTD performance will still be degraded because the F-TPICH reception quality cannot be controlled by the power control (PC) loop, which is based on the soft combined DPCCH/F-DPCH. In the following section, we propose another option so that the F-TPICH reception quality can be guaranteed in SHO.

2.2 The Proposed Approach
· Option 2: The F-TPICH is transmitted from all radio links in the serving radio link set.
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Figure 1. F-TPICH transmission Option 1 and Option 2 in SHO with 2 cells

Figure 1 illustrates the 2 transmission options when there are 2 cells in the radio link set. Option 2 will soft combine all received F-TPICHs at the UE. Though Option 2 consumes more OVSF codes in the non-serving cell of the radio link set, the downlink PC loop for DPCCH/F-DPCH is also applied to F-TPICH. Therefore, F-TPICH reception quality can always be guaranteed. For Option 1, however, since F-TPICH is only transmitted from the serving cell, its reception quality cannot be controlled. In order to maximize the probability of receiving good quality TPI at the UE, Option 1 needs to set a relatively high F-TPICH power offset (PO) to DPCCH/F-DPCH, consuming more transmit power at the Node B. 
In order to guarantee the reception quality and save Node B transmit power in SHO, we propose that:
Proposal 1: The F-TPICH is transmitted from all radio links in the serving radio link set.
2.3 Simulation
2.3.1 Simulation Assumptions
The simulation assumptions are listed in Table 1.
Table 1. Simulation Assumptions

	Parameter
	Value

	Number of Radio Link Sets
	1

	Number of Cells
	2

	Channel Type
	PA3

	Initial F-DPCH Ec at both Cells
	-20 dB

	CPICH Ec
	-10 dB

	Total TPI Bits
	10000

	ILPC
	On

	ILPC Step Size
	+/-1 dB

	OLPC
	On

	Target TPC BER
	5%

	UL TPC Feedback BER
	0%

	Path Loss (PL) Imbalance
	{3, 0, -3} dB


Assume there is 1 radio link set configured for the UE and there are 2 cells in the radio link set. Both cells are transmitting F-DPCH in the downlink and the corresponding downlink power control is on. Outer loop power control (OLPC) is also on and the target TPC BER is set to 5%. For Option 1, only the serving cell is transmitting F-TPICH with a PO to the F-DPCH. For Option 2, both cells are transmitting F-TPICH with same initial transmit power to the F-DPCH. 
The quality of F-TPICH is measured by TPI BER. If TPI BER is lower than 5%, we consider the quality of the received TPI is good.
The “Path Loss (PL) Imbalance” parameter is the non-serving cell to serving cell PL ratio in dB. The PL Imbalance is set to emulate 3 SHO scenarios: the UE is closer to the serving cell (3 dB), in the middle of both cells (0 dB), or closer to the non-serving cell (-3 dB). 
2.3.2 Simulation Results
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Figure 2. Average TPI BER vs. Average Total F-TPICH Ec at Node B
Table 2. Average Total F-TPICH Ec at Node B for 5% Average BER

	
	PL Imbalance = 0 dB
	PL Imbalance = -3 dB
	PL Imbalance = 3 dB

	Option 1, Ec
	-12 dB
	-6.3 dB
	-12.9 dB

	Option 2, Ec
	-16 dB
	-14.3 dB
	-14.9 dB


The simulation results for all scenarios are plotted in Figure 2. Table 2 reads the required ‘Average Total F-TPICH Ec at Node B’ to obtain 5% average BER from Figure 2. For Option 1, the ‘Average Total F-TPICH Ec at Node B’ is the averaged F-TPICH power at the serving cell only; while for Option 2, it is the sum of averaged F-TPICH power at both cells. 

In the figure, we can see that for each PL imbalance, there are 12 BER points for Option 1. Each BER point corresponds to a PO, varying from 0 dB to 11 dB with 1 dB increment. In practice the Node B needs to set the PO according to a desired coverage. For Option 2, however, there is only 1 BER point for each PL imbalance. This is because the F-TPICH in Option 2 shares the same power control loop with the F-DPCH, and the resulting BER is controlled around 5% for all PL imbalances. 

From Table 2, the required Option 1 F-TPICH Ec to achieve a 5% TPI BER is about 2 dB, 4 dB and 8 dB higher than that of Option 2, when the PL imbalances are 3 dB, 0 dB and -3 dB, respectively. It can be seen that PC in SHO could bring negative impact on Option 1. For example, when the received F-DPCH power from the non-serving cell is very high and that from the serving cell is very low, PC will reduce transmit power on both cells, making the received F-TPICH power from the serving cell even lower, and more power is required for Option 1 to maintain the reception quality. This is the case that happens more often when the UE is closer to the non-serving cell, which is the -3 dB PL imbalance scenario.
3. Conclusion
From the simulation results, we can see that if good UL CLTD performance is desired in SHO with Option 1, the F-TPICH transmit power can be 8 dB or more compared with that of Option 2. Moreover, since the Node B has no information on the UE location, the transmit power set by the Node B may be either wasted or not enough. In addition, since the maximum transmit power for F-TPICH is power limited in practice, Option 1 may not receive a good quality F-TPICH in some SHO region even if the F-TPICH is transmitted at its full power. In order to have a guaranteed UL CLTD performance in SHO and save transmit power, we suggest reconsidering the proposal:
Proposal 1: The F-TPICH is transmitted from all radio links in the serving radio link set.
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