Page 1



3GPP TSG-RAN WG1 Meeting #66bis 
R1-112970
Zhuhai, China, 10th- 14th , October 2011
Agenda item:

6.2.1
Source:
Huawei, HiSilicon
Title:
Further considerations on F-PCICH channel design 
Document for:

Discussion and Decision
1. Introduction

At RAN1 #66 meeting, simulations and discussions were given with regard to downlink PCI feedback channel schemes [1]-[4]. In the last meeting, downlink PCI feedback channel schemes come to the following agreements:
· F-PCICH frame timing offset: τF-PCICH,m = Tm*256, Tm({0,1,…149}.
This document presents some discussions on the F-PCICH design and application of PCI change. 
2. Discussion: Slot boundary Vs TTI boundary
The application of the PCI at boundary is discussed in last RAN1 meeting [1-2]. There are two options about it: slot boundary and TTI boundary. The pre-coding weight adjustment of each E-DCH is done at the E-DCH TTI boundary. It could guarantee that a 2ms TTI E-DCH is weighted by the same pre-coding matrix, since UL MIMO operation needs complete 2ms TTI data to decide the switching between single-stream block and dual-stream block. So, it facilitates the introduction of uplink MIMO and ROT control.
2.1 TTI Offset
In [2], TTI offset defines the slot in which the PCI feedback is received by the UE from the NodeB. The offset is specified from the start of a TTI. Specifically, 

TTI Offset: 0 – indicates that the PCI feedback is received in the first slot of a TTI

TTI Offset: 1 – indicates that the PCI feedback is received in the second slot of a TTI

TTI Offset: 2 – indicates that the PCI feedback is received in the third slot of a TTI

Figures 1-3 show the performance when the PCI ideal and the PCI error. The impact of PCI feedback error is shown for different TTI Offsets.
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Figure 1: Compared with PCI Ideal and PCI Error, when PCI Feedback Delay is 3slots, PCI Update Rate is 3slots and TTI Offset is 0 (TTI boundary).
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Figure 2: Compared with PCI Ideal and PCI Error, when PCI Feedback Delay is 3slots, PCI Update Rate is 3slots and TTI Offset is 1(Slot boundary).
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Figure 3: Compared with PCI Ideal and PCI Error, when PCI Feedback Delay is 3slots, PCI Update Rate is 3slots and TTI Offset is 2(Slot boundary).
From Figures 1-3, we can make the following observations:
· As shown in Figure 1, PCI feedback errors affect the data in a TTI when the application of the PCI at TTI boundary. 
· As shown in Figure 2 or 3, PCI feedback errors affect the data in two TTIs when the application of the PCI at Slot boundary.
2.2 Simulation Assumptions
The assumptions that specifically pertain to the simulation of CLTD are shown in Table 1. 

Table 1: CLTD specific link level simulation assumptions
	Parameter
	Value

	Compensation of phase discontinuity
	Channel Synthesis

	PCI Codebook
	2bit phase only

	CLTD Feedback Type
	Direct Feedback

	CLTD Feedback Error Rate [%]
	[ 0 4] 

	CLTD Feedback Update Rate
	3

	CLTD Feedback Delay
	Various

	Beamforming Implementation
	Asymmetric\Enhanced symmetric 

	Propagation Channel
	PA3


2.3 Simulation Results and Observations
We evaluate the impact of TTI Offsets in Table 2 and Table 3.
Table 2:  The TTI Offset evaluation in PA3 channel, when PCI delay is 3 slots and update rate is 3 slots. Asymmetric
	Asymmetric
	TTI Offset 0
(TTI boundary)
	TTI Offset 1
(Slot boundary)
	TTI Offset 2
(Slot boundary)

	PA3 channel;
Error Rate is 0
	Rx Gain[dB]
	0.01
	0.03
	-0.02

	
	Tx Gain[dB]
	2.39
	2.41
	2.36

	PA3 channel;
Error Rate is 4
	Rx Gain[dB]
	-0.32
	-0.28
	-0.31

	
	Tx Gain[dB]
	2
	2.06
	2.03


Table 3:  The TTI Offset evaluation in PA3 channel, when PCI delay is 3 slots and update rate is 3 slots. Enhanced symmetric
	Enhanced symmetric
	TTI Offset 0
(TTI boundary)
	TTI Offset 1
(Slot boundary)
	TTI Offset 2
(Slot boundary)

	PA3 channel;
Error Rate is 0
	Rx Gain[dB]
	0.06
	0.07
	0.06

	
	Tx Gain[dB]
	2.42
	2.45
	2.45

	PA3 channel;
Error Rate is 4
	Rx Gain[dB]
	-0.32
	-0.3
	-0.31

	
	Tx Gain[dB]
	2
	2.02
	2.01


Regarding to the need of TTI boundary and Slot boundary, the following can be observed from Table 2 and Table 3:

· When PCI error rate is 0, the Rx gain is about 0.01dB when asymmetric and is about 0.06dB when enhanced symmetric; the Tx gain is about 2.4dB.
· When PCI error rate is 4%, the Rx gain is about -0.3dB when asymmetric or enhanced symmetric; the Tx gain is about 2dB.
Observations 1：
Simulation results show that the gain is no obvious performance difference between TTI boundary and Slot boundary for all cases. 
From Figures 2-3, the impact of PCI error at Slot boundary is undefined. The PCI feedback error may affect the data of the whole two TTIs, due to Channel Synthesis and Channel Estimate.
Further consideration：
The performance between TTI boundary and slot boundary need to consider more cases, i.e., E-DPCCH boost in one TTI but not in the other.
3. Discussion: One PCI symbol per slot Vs Two PCI symbols per slot
Now, there are two options about F-PCICH design: one PCI symbol per slot, and two PCI symbols per slot.
Option 1, one PCI symbol per F-PCICH slot:
· Benefits: No need to change current F-DPCH channel modulation and demodulation process. It does not introduce the additional PCI delay, when the application of the PCI at TTI boundary. It may be reused and mixed F-DPCH resources, that is F-PCICH and F-DPCH could use the same code resource. 
· Drawbacks: When the application of the PCI at slot boundary, the PCI delay of Option 1 is larger than that of Option 2. Option 1 supports up to 10 CLTD users. 
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Figure 4: Option 1, two PCI bits in two symbols in two F-PCICH slots, which same to F-DPCH.
Option 2, two PCI symbols per F-PCICH slot:
· Benefits: The maximum number of the UEs that can support as Option 2 is 15. When the application of the PCI at slot boundary, the PCI delay of Option 2 is smaller than that of Option 1.
· Drawbacks: Need to change current F-DPCH channel modulation and demodulation process.As shown in Figure 6a and 6b, it may generate fragments, which not be directly allocated to other UE, to leading to low utilization of resources. It introduces the additional PCI delay, when the application of the PCI at TTI boundary.
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Figure 5: Option 2, two PCI bits in two symbols in one F-PCICH slot, which like to F-DPCH.
Since F-PCICH frame timing offset: τF-PCICH,m = Tm*256 and 512 PCI chips length, Option 2 may generate fragments. 
· As shown in Figure 6a, if the different location of the fragments per slot, the fragments could not be used.
· As shown in Figure 6b, if the same location of the fragments per slot, the fragments could be used for TPC or PCI bit, which likes Option 1. 
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Figure 6a: Option 2 may generate fragments, which could not be used.
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Figure 6b: Option 2, the fragments could be used to transmit TPC or PCI bit, which likes Option 1
Observations 2: 
Configurable PCI transmission mode can be more efficient use of downlink code resources, regardless of TTI boundary update.
4. Performance Analysis
Considering the application of the PCI at TTI boundary, the delay of Option 1 could be 2 slots or 3 slots and the delay of Option 2 could be 1 slot to 4 slots. Figure 7 shows that 3 slots PCI delay in Option 2.Figure 8 shows that 4 slots PCI delay in Option 2. 
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Figure 7: Option 1, the PCI timing for F-PCICH with PCI offset NOFF1 of 0 or 2 for one UE, the PCI delay is 3 slots when TTI boundary.
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Figure 8: Option 2, the PCI timing for F-PCICH with PCI offset NOFF1 of 0 or 2 for one UE, the PCI delay is 4 slots when TTI boundary.
In Table 4, we see that the performance of 4-slot PCI delay is obviously poor for the VA30 channel. Compared with Option 2, Option 1 guarantees that the maximum PCI delay is 3 slots. The gain of 3-slot PCI delay is 0.2dB loss than that of 2-slot PCI delay.
Observations 3: 
According to the analysis above, considering the case of the application of the PCI at TTI boundary, configurable PCI transmission mode could efficiently improve the uplink performance.
Table 4: Tx gain of different PCI delay, when PCI update rate is 3 slots.
	Tx gain
	Feedback Delay is 1 slots
	Feedback Delay is 2 slots
	Feedback Delay is 3 slots
	Feedback Delay is4 slots

	PA3 channel
	2.33
	2.36
	2.39
	2.38

	VA30 channel
	1.15
	1.02
	0.8
	0.42


5. Conclusion
In this document we discussed possible F-PCICH timing schemes and the application mode of the PCI. TTI boundary does not loss gain and facilitates the introduction of uplink MIMO as well. Furthermore, the performance between TTI boundary and Slot boundary need consider more cases. Configurable PCI transmission mode could improve uplink performance. In summary, we propose: 
Proposal 1: TTI boundary or Slot boundary needs consider more cases, i.e., E-DPCCH boost.
Proposal 2: Configurable PCI transmission mode, which is two PCI symbols per slot or one PCI symbol per slot. 
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