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1
Introduction

In the previous RAN1 meeting, it was concluded that for most cases, a 3 slot PCI update rate would capture most of the gains due to CLTD operation. Additionally, it was also assumed that the UE would update the precoding every three slots. However, the delay between the received PCI values and the application of the PCI values was not considered.

In this contribution, we evaluate the performance when a delay in applying the PCI is introduced. It is shown that a constant PCI kept unchanged over a TTI leads to some performance degradation. The causes of this are analyzed and a way forward is proposed. Additionally, some open issues relating to the PCI feedback channel are also addressed.
2
Discussion
In [1], a set of simulation assumptions were agreed in a previous RAN1 meeting where the PCI feedback delay was defined. It is considered to be the time in slots from the beginning of the slot based on which the PCI’s are generated to the slot in which the UE applies the PCI.  In [2-4], link level analysis of the gains of the CLTD as the PCI feedback delay increases is shown. In the documents, it is seen that the increase in delay has little impact on the PA3 channel and has much more of an impact on the VA30 channel. 
In the previous RAN1 meeting it was decided to consider a 3 slot PCI update rate as it was beneficial to lower the PCI update rate to conserve resources on the downlink while still achieving most of the CLTD gains. A 3 slot UE update rate was also similarly considered. However, it is possible to have a delay between the reception of the PCI and the application of the PCI at the UE depending on whether the PCI is applied at a TTI boundary or within a TTI.
In this contribution we examine the application of the PCI at the boundary, first or second slots of a TTI. To evaluate this, the slot in which the PCI is received from the NodeB is defined.
2.1
TTI Offset

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

An illustration of TTI Offset 1 with different feedback delays is shown in the Figure 1. 
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Figure 1: TTI Offset =1; PCI Update Rate = 3slots; PCI Feedback Delay = [3 4 5] slots
Similarly, an illustration of TTI Offset of 2 is shown in Figure 2.
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Figure 2: TTI Offset =2; PCI Update Rate = 3slots; PCI Feedback Delay = [3 4 5] slots
3
Link Simulation Assumptions
The detailed link simulations assumptions are based on the RAN1 agreements that were made in [1]. They are repeated in Annex A. The power delay profiles of the simulated channels and the associated finger allocations are shown in Annex B.

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 2]

	CLTD Feedback Update Rate
	3

	CLTD Feedback Delay
	Various

	Channel estimation for beam selection
	Cumulative: up to 4-slot with filter weights

[0.4 0.3 0.2 0.1]


3.1
UL Pilot Channel Design

The agreement made at the previous RAN1 meeting is used. The pre-coded pilot structure as described in [5] is simulated where the primary DPCCH is transmitted on the stronger eigen mode with the precoding vector 
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 along with all the overhead and data channels. The secondary DPCCH is transmitted on the weaker eigen mode with the precoding vector
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. The fingers for DPCCH,2 have the same timing as the fingers of DPCCH,1. 
3.2
Compensation for Phase Discontinuity

Link simulation results are shown using channel synthesis at the NodeB where the true physical channel is synthesized at the NodeB by constructing the channel matrix and removing the precoding by multiplying with the inverse of the precoding matrix.
4
Simulation Results
The performance metrics that are shown are computed as follows:

· Rx gain = (Rx Ec/No with single Tx antenna) – (Rx Ec/No with Tx diversity) 

· Tx gain =(Tx Ec/No with single Tx antenna) – (Tx Ec/No with Tx diversity) 

Figures 3-8 show the performance of CLTD in terms of Tx and Rx Ec/No gains for different TTI Offsets and PCI feedback delays. The performances are shown for the PA3 channel. Note that in all the cases the feedback error rate is 2% per bit.
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Figure 3: Rx Ec/No gains for TTI Offset 0
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Figure 4: Tx Ec/No gains for TTI Offset 0
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Figure 5: Rx Ec/No gains for TTI Offset 1
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Figure 6: Tx Ec/No gains for TTI Offset 1
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Figure 7: Rx Ec/No gains for TTI Offset 2
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Figure 8: Tx Ec/No gains for TTI Offset 2


Observations
First, we note that the PCI update rate was 3 slots and the PCI error rate was 2% per it. Comparing Figures 1-2 with Figures 3-8, we can make the following observations:

· The performance of CLTD decreases when the same PCI is applied over the three slots of a TTI. The same performance degradation is seen when the TTI Offset is 0, 1 or 2. This is because of the PCI feedback error. If a PCI signal from the NodeB is erroneously received by the UE and it is applied over the entire TTI, then the data transmission in that TTI is affected.
· The performance degradation as the delay increases is gradual for the PA3 channel. 

Figures 9-14 show the performance when the PCI feedback error =0, i.e., perfect feedback is assumed. The performances are shown for different TTI Offsets.
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Figure 9: Rx Ec/No gains for TTI Offset 0; FB Error 0%
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Figure 10: Tx Ec/No gains for TTI Offset 0; FB Error 0%
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Figure 11: Rx Ec/No gains for TTI Offset 1; FB Error 0%
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Figure 12: Tx Ec/No gains for TTI Offset 1; FB Error 0%
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Figure 13: Rx Ec/No gains for TTI Offset 2; FB Error 0%
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Figure 14: Tx Ec/No gains for TTI Offset 2; FB Error 0%


Observations

From Figures 9-14, we observe the following:
· The performance gains of CLTD reduce gradually as the feedback delay increases when the PCI feedback error is ideal – i.e., there is no discernible pattern that can be identified as in the case when PCI feedback error>0.

· The performance loss as the PCI delay increases to 10 slots (or around 7ms) is around 0.2dB. Hence the reduction in performance of CLTD in slor fading channels is fairly robust to PCI delays as long as the error rate is controlled

From the two sets of results shown above, it is considered that there should be no additional delay in applying the PCI information that is signalled. Indeed, it is advantageous to apply the PCI in the second or third slots of the TTI to allow for feedback error diversity. Therefore, we propose the following:
Proposal 1: The PCI information that is signalled is applied by the UE at the next slot boundary after reception of the PCI. It is preferable if the PCI is applied in the second or third slots of the TTI.
In [6], the choice of the feedback channel was discussed. Accordingly, the following additional proposals are made:
Proposal 2: The PCI feedback is transmitted in a single slot to the UE on the F-PCICH channel. This ensures minimal feedback delay.

Proposal 3: The slot index per 2ms subframe and the two F- PCICH symbol indices (ON periods) within a slot will be signalled to the UE. This allows for optimal code utilization where in each of the other 2 slots in the subframe, the same F- PCICH symbols can be allocated to a different UE.

Proposal 4: The PCI feedback bits are NOT transmitted on F- PCICH symbols that overlap with the SCH channel.

Proposal 5: The PCI feedback bits are NOT transmitted on F- PCICH symbols that overlap with the TPC bits on the F-DPCH channel. This allows for optimization of resources to despread, demodulate and decode the symbols. 
5
Conclusions

In this contribution, link simulations were conducted to compare the performance of CLTD when the PCI feedback delay was increased. It was observed that when PCI feedback error was >0, delay values that corresponded to the PCI being applied for the whole TTI led to compromised CLTD performance. This pattern was not observed when the feedback error was set to be ideal. Based on these results and the analysis in [6], the following are proposed:

Proposal 1: The PCI information that is signalled is applied by the UE at the next slot boundary after reception of the PCI. It is preferable if the PCI is applied in the second or third slots of the TTI.

In [5], the choice of the feedback channel was discussed. Accordingly, the following additional proposals are made:

Proposal 2: The PCI feedback is transmitted in a single slot to the UE on the F-PCICH channel. This ensures minimal feedback delay.

Proposal 3: The slot index per 2ms subframe and the two F- PCICH symbol indices (ON periods) within a slot will be signalled to the UE. This allows for optimal code utilization where in each of the other 2 slots in the subframe, the same F- PCICH symbols can be allocated to a different UE.

Proposal 4: The PCI feedback bits are NOT transmitted on F- PCICH symbols that overlap with the SCH channel.

Proposal 5: The PCI feedback bits are NOT transmitted on F- PCICH symbols that overlap with the TPC bits on the F-DPCH channel. This allows for optimization of resources to despread, demodulate and decode the symbols.
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Annex A

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	-3

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempts

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation for data demodulation
	Non-causal 4-slot with filter weights 
[0.4 0.3 0.2 0.1]

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	RAKE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


Annex B

The multipath channel delay profiles and associated finger allocations are shown below for:

ITU Pedestrian A Speed 3km/h (PA3)
	Relative Mean Power [dB]
	0
	-9.7
	-19.2
	-22.8

	Relative Delay [ns]
	0
	110
	190
	410

	Relative Delay [Tc/8]
	0
	3
	6
	13

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	Not Assigned
	Not Assigned


ITU Vehicular A Speed 30km/h (VA30)
	Relative Mean Power [dB]
	0
	-1.0
	-9.0
	-10.0
	-15.0
	-20.0

	Relative Delay [ns]
	0
	310
	710
	1090
	1730
	2510

	Relative Delay [Tc/8]
	0
	10
	22
	33
	53
	77

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	10
	22
	33
	Not Assigned
	Not Assigned
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