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1. Introduction 

One of the outstanding issues related to UL CL TD is the UE behaviour upon receiving a PCI update, i.e. the delay between PCI reception and application. This must be specified as such knowledge is required at the Node B for channel synthesis as well as PCI setting for the next UL transmission. A UE behaviour rule was proposed in [1], however, this needs to be revisited given the last meeting’s decision on 3-slot PCI update rate [2].

In this document, we focus on the 2 ms E-DCH TTI case, as UE behaviour for other scenarios (10 ms E-DCH TTI, UL DCH) can be extrapolated from this one. There are two main options between which to decide: PCI application at TTI boundaries or at slot boundaries. After analysing the pros and cons of either solution, we lean towards the TTI-wise option.

2. Discussion

2.1. Latency Budget

The issue of latency is illustrated in figures 1, 2 and 3, where it has been assumed that the minimum PCI latency, achievable with the slotwise option, is equal to 2 slots.

Case 1, shown in figure 1, occurs when the F‑PCICH timing is such that the PCI symbols are available in the UE after the start of slot n+2 but prior to the start of slot n+3. In this case, the TTI and the slot-wise options result in an identical latency of 2 timeslots. 

Case 2, shown in figure 2, occurs when the F‑PCICH timing is such that the PCI symbols are available in the UE after the start of slot n+1 but prior to the start of slot n+2. In this case, the TTI-wise option leads to an increased PCI delay of 1 slot. 

Case 3, shown in figure 3, occurs when the F‑PCICH timing is such that the PCI symbols are available in the UE after the start of slot n but prior to the start of slot n+1. In this case, the TTI-wise option leads to an increased PCI delay of 2 slots.
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Figure 1  Case 1: Slot-wise and TTI-wise PCI application lead to the same delay.
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Figure 2  Case 2: TTI-wise PCI application introduces an additional 1 slot delay.
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Figure 3  Case 3: TTI-wise PCI application introduces an additional 2 slot delay.

2.2. Simulation Results

Simulations were performed in order to assess the link performance penalty associated with the additional latency associated with TTI wise PCI application, as discussed in the previous section. The simulation results are shown in table 1 and 2.

It can be observed that, in the slow-varying Pedestrian A channel at 3 km/h, there is no difference between the TTI- and slotwise application of the PCI weights. As expected, in the Vehicular A channel at 30 km/h some performance loss is observed for TTI-wise updates – approximately 0.3 dB for Case 2 and 0.5 dB for Case 3.

Table 1 – Simulation results, Ped A channel, 3 km/h.

	case
	TTI/slotwise
	delay, slot
	channel synthesis
	no channel synthesis

	
	
	
	Tx Ec/N0, dB
	Rx Ec/N0, dB
	Tx Ec/N0, dB
	Rx Ec/N0, dB

	Case 1
	slot
	2
	2.33
	-0.19
	2.09
	-0.44

	
	TTI
	2
	2.33
	-0.19
	2.09
	-0.44

	Case 2
	slot
	2
	2.44
	-0.08
	2.09
	-0.44

	
	TTI
	3
	2.37
	-0.13
	2.17
	-0.45

	Case 3
	slot
	2
	2.39
	-0.14
	2.21
	-0.33

	
	TTI
	4
	2.37
	-0.11
	2.11
	-0.42


Table 2 – Simulation results, Veh A channel, 30 km/h.

	case
	TTI/slotwise
	delay, slot
	channel synthesis
	no channel synthesis

	
	
	
	Tx Ec/N0, dB
	Rx Ec/N0, dB
	Tx Ec/N0, dB
	Rx Ec/N0, dB

	Case 1
	slot
	2
	0.58
	-0.29
	 0.13
	-0.78

	
	TTI
	2
	0.58
	-0.29
	 0.13
	-0.78

	Case 2
	slot
	2
	0.78
	-0.09
	 0.16
	-0.74

	
	TTI
	3
	0.52
	-0.17
	-0.17
	-0.92

	Case 3
	slot
	2
	0.68
	-0.19
	 0.37
	-0.52

	
	TTI
	4
	0.31
	-0.18
	-0.24
	-0.84


2.3. Discussion

As observed in the previous section, the extra delay introduced by enforcing TTI-wise PCI updates may have a negative impact on link performance in some scenarios, which speaks in favour of allowing PCI application at slot boundaries. However, some counterarguments exist, namely:

· The probability of Case 1, 2 and 3. Suppose that TTI-wise PCI application is standardized. From the network point of view, it is possible to reduce the impact of Case 2 and 3 above by setting up DL and UL dedicated channel timing appropriately i.e. such that different radio links are staggered in time, to allow F-PCICH resource availability on a nominated OVSF code at the time described by Case 1. Due to serving cell changes, it may not be possible to avoid Case 2 and Case 3 scenarios altogether if the preferred (i.e. minimum latency) F-PCICH resource is not available in the target cell. Therefore, in the worst-case high mobility scenario, we can expect the radio links to be uniformly distributed between Case 1, 2 and 3 (1/3 of UE population associated with each).

· Deactivation of CL TD. The network may disable CL TD for a fast moving terminal. The decision can be made for example based on the estimated Doppler frequency, together with PCI delay budget on a given radio link.

· Bursty data. A correct and timely PCI delay loop is particularly important during the activity of UL data channels; in the case of UL DPCCH-only transmission (primary + secondary), the cost associated with running the F-PCICH loop, in terms of F-PCICH code resource and hardware, may not justify the system benefit. Now, imagine the scenario where the UL data transmission is activated at known times and at a low duty cycle (e.g. via the HARQ process restriction mechanism). If the PCI is applied at the 2 ms TTI boundary only, then a single PCI is sufficient to cover the data burst. On the other hand, in the case of the slotwise boundary, two PCI reports are needed to cover the 2 ms data TTI.

· MIMO considerations. UL MIMO gains are likely to be limited to small cell scenarios, where the impact of channel variation is low, and so is the motivation to optimize for PCI latency. For system and implementation simplicity, it is preferable to apply the PCI at TTI boundaries for UL MIMO and a similar rule for CL TD is beneficial from the specification, implementation and testing point of view.

· Mixture of channels: In a real deployment, a mixture of channels and user speeds would be experienced. VA30 users are less likely to experience TX power limitations, and thus the gain mechanism from VA30 users would be via a reduction in intercell interference. However the impact of this reduction would scale according to the proportion of users experiencing the VA30 channel.
3. Conclusion

In this contribution, we have discussed the merits of applying the PCI at either slot or 2 ms TTI boundaries. On one hand, the TTI-wise option may lead to link performance penalties of up to 0.5 dB under the Case 3 scenario. On the other, network strategies exist that limit the chance of such a scenario taking place. Further arguments, related to bursty data and UL MIMO commonality also speak in favour of applying the PCI at TTI boundaries. Recognizing the pros and cons of both solutions, we propose to adopt TTI-wise application of the PCI for CL UL TD.

Annex: Simulation Assumptions

	Parameter
	Value

	Physical channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020, QPSK (1.01 Mbps)

	Number of physical data channels and spreading factor
	TBS 2020: 2xSF2

	20*log10(βed/βc) [dB]
referenced to 1xSF4
	9

	20*log10(βec/βc) [dB]
	TBS 2020: 2

	20*log10(βc2/βc1) [dB]
	0 dB

	Number of H-ARQ processes
	8

	H-ARQ operating point
	1% BLER after 4 attempts

	Residual BLER
	1%

	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)

	Channel estimation
	Realistic, 3 slots

	SIR estimation
	1 slot

	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%

	Number of TX weights
	4

	TX Beamforming Codebook
	4-entry, phase-only

	PCI signaling scheme
	Absolute

	PCI feedback error rate
	0%

	PCI update frequency
	1 TTI

	PCI delays
	2, 3, 4, slots

	PCI application time
	TTI boundary, TTI boundary + 1 slot, TTI boundary + 2 slots

	Pilot precoding scheme
	Precoded pilots

	Phase discontinuity compensation for MIMO channel estimation
	Channel synthesis, no channel synthesis

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake, 2 RX antennas

	Antenna imbalance [dB]
	0

	UE DTX
	OFF

	Soft Handover
	OFF
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