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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. However, it was left open as to whether there needs to be special consideration for CPC operation. The following was noted:
· Physical layer supports 3-slot update rate

· Consider further whether any special behaviour (e.g. faster update rate) is needed for CPC
In this contribution, a performance is evaluated for 1 slot and 3 slot PCI update rates for CLTD operation when CPC is enabled. Section 2 details the integration of CPC with CLTD. Sections 3 and 4 contain the simulation assumptions and results that show that a 3 slot PCI update rate is adequate to get most of the CLTD gains even when CPC is enabled.
2
Interaction with CPC

In continuous packet connectivity (CPC) operation, we assume that the UE can operate with DTX cycle 1/4 or 1/8. For the cycle 1/4, a typical pattern is illustrated in Figure 1 below. 
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Figure 1: DTX cycle 1/4

In CPC operation the UE transmits 2 slots of preamble pilot and 1 slot of post amble pilot before and after a E-DCH TTI transmission. If we consider 2 E-DCH TTI transmissions as in Figure 1, then there would be 6 slots of E-DCH (data and control channels)  transmission and 6 slots of pilot only transmission.

In the figure we assume that PCI feedback delay is 3 slots. The feedback delay is defined as in [1] where the delay is computed from the slot used for PCI generation to the slot in which the computed PCI is applied. Since the Node determines the CLTD weight vector based only on UE pilots, then there would be some slots in which the UE and NodeB do not have updated PCI information due to the absence of pilot. 

In the case presented in Figure 3, with 3 slot PCI feedback delay, there would be no updates on the CLTD weight vector in slot 10, 11, … , 15. Since there is effectively no transmission of pilot in slots 10, 11, 12, the PCI does not have to be applied. However, in slots 13, 14 and 15, PCI needs to be applied while not being signalled by the NodeB. Similarly, the NodeB would also require knowledge of the PCI applied in slots 13, 14 and 15 for channel sounding purposes. A simple approach to this would be for the UE to apply the last known PCI value – similar to the HOLD of the UE transmit power levels due to unavailability of TPC commands on the downlink. This approach would ensure that the UE and the Node are also in sync with respect to the PCI applied. Therefore, we have:

Proposal 1: The UE and the NodeB hold the PCI most recently signalled by the NodeB whenever PCI updates are not available due to CPC operation.
New PCI updates are available at slot 15 and they are applied immediately in slot 16 in the simulations conducted. This is in accordance with the proposals in [2] that indicate that the PCI be updated as soon as it is received within a TTI. If 1 slot update is used, then the PCI is updated every slot. However if 3 slot PCI update is indicated, then the PCI is kept constant for 3 slots until the next update is received. 
Channel Estimation

In simulations without CPC, a 4 slot non-causal channel estimate is used. However, In CPC simulations when pilot transmissions are discontinuous, a cumulative channel estimate is used. 

For instance, in Figure 1, after an OFF period, pilot transmissions commence in slot 13. Since 4 slots of pilot are not available for filtering, the channel estimate at slot 13 consists of a 1-slot average. Cumulatively, the channel estimate at slot 14 is a two slot causal average. This continues until 4 slots of channel are available for filtering.

The approach outlined above is followed also for the case where the DTX cycle is 1/8. A typical pattern is illustrated in Figure 2.
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Figure 2: DTX cycle 1/8

If we consider one DTX cycle period, then out of a total 24 slots that make up one full DTX cycle, the UE transmits 6 slots of pilot and data and other control channels on 3 slots. 
The Node B determines the CLTD weight vector based on UE pilots. If we assume the total delay of propagation, Node B processing, feedback to be 3 slots, there will be no update on the CLTD weight vector in slot 10, 11, … , 27. Thus UE needs to hold CLTD weight vector received from Node B in slot 9 to use in its uplink transmission in slot 25, 26, 27. Furthermore, Node B shall hold the CLTD weight vectors as well for its receiver processing.
3
Link Simulation Assumptions
The detailed link simulations assumptions are based on the RAN1 agreements that were made in [3]. 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 [%]
	2

	CLTD Feedback Update Rate
	[1 3]

	CLTD Feedback Delay
	[2 3] slots

	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 [4] 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. Additional details of channel synthesis can also be found in [4]. 
3.3
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. For instance, a TTI Offset of 0 indicated that the PCI feedback is received in the first slot of a TTI. An illustration of how the TTI offset relates to the PCI feedback delay is shown in Figure 3. 
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Figure 3: TTI Offset =1; PCI Feedback Delay = 2slots; PCI Update Rate = 3slots
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) 

Tables 1-4 show the Tx and Rx gains for CLTD operation when CPC is enabled. The results are shown for PA3 and VA30 channels for PCI delays of 2 and 3 slots.
Table 1: Performance of CLTD with CPC enabled; PCI Update Rate = [1 3] slots; Delay = 2 slots; PA3 Channel; 
	CPC Parameters
	TTI Offset
	Tx  Ec/No Gain [dB]
	Rx Ec/No Gain[dB]

	
	
	Update Rate =1slot
	Update Rate =3slot
	Update Rate = 1slot
	Update Rate = 3slot

	DTX Cycle 1/4
	0
	2.19
	2.31
	-0.09
	0.02

	
	1
	2.21
	2.43
	-0.08
	0.14

	
	2
	2.19
	1.98
	-0.1
	-0.2

	DTX Cycle 1/8
	0
	2.49
	2.54
	0.46
	0.55

	
	1
	2.44
	2.48
	0.4
	0.5

	
	2
	2.49
	2.36
	0.46
	0.36


Table 2: Performance of CLTD with CPC enabled; PCI Update Rate = [1 3] slots; Delay=2 slots; VA30 Channel; 

	CPC Parameters
	TTI Offset
	Tx  Ec/No Gain [dB]
	Rx Ec/No Gain[dB]

	
	
	Update Rate =1slot
	Update Rate =3slot
	Update Rate = 1slot
	Update Rate = 3slot

	DTX Cycle 1/4
	0
	0.66
	0.5
	0.10
	0.17

	
	1
	0.62
	0.30
	0.06
	0.076

	
	2
	0.61
	0.38
	0.048
	-0.09

	DTX Cycle 1/8
	0
	0.60
	0.38
	0.047
	0.059

	
	1
	0.548
	0.09
	-0.01
	-0.13

	
	2
	0.54
	0.32
	-0.01
	-0.13


Table 3: Performance of CLTD with CPC enabled; PCI Update Rate = [1 3] slots; Delay = 3 slots; PA3 Channel; 
	CPC Parameters
	TTI Offset
	Tx  Ec/No Gain [dB]
	Rx Ec/No Gain[dB]

	
	
	Update Rate =1slot
	Update Rate =3slot
	Update Rate = 1slot
	Update Rate = 3slot

	DTX Cycle 1/4
	0
	2.24
	2.42
	-0.1
	0.08

	
	1
	2.26
	2.46
	-0.06
	0.13

	
	2
	2.21
	2.13
	-0.12
	-0.15

	DTX Cycle 1/8
	0
	2.47
	2.46
	0.42
	0.45

	
	1
	2.5
	2.22
	0.47
	0.23

	
	2
	2.36
	2.4
	0.3
	0.4


Table 4: Performance of CLTD with CPC enabled; PCI Update Rate = [1 3] slots; Delay=3 slots; VA30 Channel; 

	CPC Parameters
	TTI Offset
	Tx  Ec/No Gain [dB]
	Rx Ec/No Gain[dB]

	
	
	Update Rate =1slot
	Update Rate =3slot
	Update Rate = 1slot
	Update Rate = 3slot

	DTX Cycle 1/4
	0
	0.31
	0.23
	-0.01
	0.03

	
	1
	0.32
	-0.23
	0
	-0.34

	
	2
	0.293
	0.266
	-0.03
	-0.013

	DTX Cycle 1/8
	0
	0.149
	0.05
	  -0.18
	-0.13

	
	1
	0.18
	-0.41
	-0.15
	-0.48

	
	2
	0.17
	0.19
	-0.16
	-0.05


From Tables 1-4, we can see that for most of the cases, a 3 slot PCI update rate does capture most of the CLTD gains seen as compared to a 1 slot PCI update rate. Therefore, it is considered that a 3 slot PCI update rate is adequate for CLTD operation even when CPC is enabled.
Proposal 2: Adopt 3 slot PCI update rate for CLTD operation.

5
Conclusions

In this contribution, link simulations were conducted to compare the performance of 1slot and 3 slot PCI update rates for CLTD operation when CPC is enabled. The evaluation was done for PA3 and VA30 channels when the PCI feedback delay was set to be 2 and 3 slots.
It can be seen from the results that the 3 slot PCI update rate retains most of the CLTD gains even when CPC is enabled. Therefore, it is concluded that 3slot PCI update rate should for all CLTD operation.
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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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