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1
Introduction

In this contribution, we focus on the degree of robustness of the HS-DPCCH channel to occurrences of error events arising from transmissions of HS-SCCH orders to activate/deactivate carriers in 4C-HSDPA. It was noted in the previous RAN WG1 #61 meeting that measures for ensuring reliability should be considered. Specifically,  the following was indicated:

· Consider measures for ensuring reliability:

· The HS-DPCCH power offset (ΔACK) is boosted by an additional amount (FFS) when an acknowledgement is sent in response to a carrier (de)activation HS-SCCH order.

· Upon (de)activation of carriers, the UE applies a boost to the HS-DPCCH power offsets (ΔACK, ΔNACK, ΔCQI) for a small period of time of the order of subframes (FFS).
Two potential error events are identified and analyzed. The performance of the HS-DPCCH channel is evaluated by link simulations. Based on the analysis and results presented, two proposals are made which aim to improve the robustness of the HS-DPCCH channel.
2
Error Event Analysis 
In 4C-HSDPA, HS-SCCH orders are used to activate and deactivate carriers. There are potentially several reasons for transmission of HS-SCCH orders namely, to increase downlink throughput and avail of statistical multiplexing gains, manage uplink UE headroom, manage UL interference and even on some occasions conserve UE battery life. Since the UE can be configured up to four DL carriers in 4C-HSDPA, there could be a large number of such orders transmitted over the duration of a data call. However, there are two error events that may occur when orders are used to activate/deactivate carriers which result in the UE and the NodeB with different assumptions on the number of active carriers. These events are described below:

2.1
Error Event A
The sequences of events that occur to cause this error event are as follows:

1. The NodeB transmits an HS-SCCH order to the UE

2. The UE misses the HS-SCCH order and therefore does not perform any action and does not transmit an acknowledgement to the order.

3. A false alarm (DTX->ACK) event occurs on the HS-DPCCH receiver at the NodeB. 

As a result of this sequence of events, the NodeB considers that the order has been applied at the UE whereas the UE is completely unaware that the order had been transmitted. If the order has been to activate a number of carriers, then this error event could impact performance significantly as the NodeB would be begin scheduling on all the carriers that it considers active and the UE would not receive the data on the carriers that it considers inactive. 

Probability of occurrence: 
We can reasonably assume that the HS-DPCCH DTX detection threshold at the NodeB is set so as to operate at a false alarm probability of 0.1 (10%). Additionally, the power levels of HS-SCCH transmissions on the DL are managed so that the HS-SCCH misdetection probability at the UE is 0.01 (1%). Since both of these events need to occur in conjunction, the combined probability of the occurrence of Error Event A is 0.001 (0.1%). 
When this error event occurs for regular data transmissions on the DL, then RLC re-transmissions are triggered. Therefore, an operating point of 0.1% error event probability may be adequate to meet performance requirements. However, since it can potentially be catastrophic for the this error event to occur when orders are transmitted, there may be a need for the network to operate at a lower HS-DPCCH false alarm probability so as to reduce the probability of occurrence of this error event. 
Additionally, the assumption of a HS-SCCH misdetection probability of 1% may be optimistic. Even if the HS-SCCH is power controlled, there are situations especially at the cell edge where the HS-SCCH orders are more likely to be transmitted, where higher misdetection rates occur. This would increase the probability of occurrence of Error Event A. therefore, operating at a lower false alarm probability is essential to maintain network performance.

However, reducing the false alarm probability for all HS-DPCCH transmissions would place stringent requirements on the HS-DPCCH power offsets (C/P) to meet uplink misdetection requirements. This would cause excessive interference on the uplink especially since a lower false alarm requirement is only need for HS-DPCCH transmissions acknowledgement the order. Therefore, it is desired that the UE transmit at a higher HS-DPCCH power offset (C/P) only when acknowledging HS-SCCH orders. This would enable the NodeB to operate the DTX detector at a lower false alarm probability in situations where order reliability is essential to network operation. The amount of increase in the HS-DPCCH power offset could be configured by the network based on the target false alarm and misdetection requirements on the uplink.

As a result, we propose the following:
Proposal 1: The HS-DPCCH power offset is boosted by an additional amount that is configured by the network, whenever an acknowledgement is sent in response to a carrier (de)activation HS-SCCH order.

2.1
Error Event B
The sequences of events that occur to cause this error event are as follows:

1. The NodeB transmits an HS-SCCH order to the UE

2. The UE receives the HS-SCCH order, applies it, performs the indicated action and transmit an ACK on the HS-DPCCH channel acknowledging the reception of the order.

3. The NodeB misses the ACK on the HS-DPCCH channel.

As a result of this sequence of events, the NodeB considers that the order has not been applied at the UE whereas the UE has indeed carried out the indicated actions. We analyze the consequences of this error event through simulations that are described in the next sections. 
3
Simulation Scenario
In the simulations conducted, we assume that the UE is configured with four carriers {C1, C2, C3, C4} and all four carriers are active. The NodeB transmits an order to deactivate carriers {C3, C4}. The UE receives the order, deactivates the two carriers and transmits and acknowledgement ‘ACK’ on the HS-DPCCH channel to the NodeB. The NodeB subsequently misses the ACK. 
The HS-DPCCH channel is designed to be somewhat robust in this scenario. We conduct simulations to evaluate the extent of the robustness and evaluate the need for additional safeguards to prevent performance losses. When there are four active carriers, the HS-DPCCH transmission format is shown in Figure 1.
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Figure 1: Block Diagram of HS-DPCCH formal when {C1, C2, C3, C4} carriers are active

Since the NodeB would not be aware as to whether the UE has deactivated carriers or not, the format depicted in Figure 1 would be the assumed HS-DPCCH format for decoding purposes at the NodeB. When there are two active carriers, the HS-DPCCH transmission format is shown in Figure 2. 
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Figure 2: Block Diagram of HS-DPCCH formal when {C1, C2 } carriers are active

Since the UE has applied the order and deactivated the carriers {C3, C4}, it applies the HS-DPCCH transmission format in Figure 2. 

The following are the assumptions made in the simulations at the NodeB receiver and the UE transmitter. 

At the NodeB:

Since the NodeB does not receive an acknowledgement to the order that was transmitted, there is some ambiguity as to whether the UE has applied the order or not. Therefore, the NodeB can only choose to schedule data on carriers {C1, C2}. 
In this case, the NodeB would decode the ACK/NACK information for carriers {C1, C2} in the first half slot. In the second half slot, the NodeB would expect the UE to transmit a DTX codeword (‘POST’) since this is the typical behaviour when the NodeB schedules carriers {C1, C2} and four carriers are configured. 
Therefore, the NodeB assumes only the DTX codeword (‘POST’) in the code word hypotheses set for the signal in the second half slot. In the first half slot, the hypotheses set contain the code words that correspond to ACK/NACK feedback for carriers {C1, C2}.
At the UE:

Since the UE applies the order and deactivates the carriers, the ACK/NACK information for carriers {C1, C2} is repeated in the second half slot. 
Due to the HS-DPCCH code book and the transmission format, the NodeB would be able to decode the information transmitted in the first half slot despite being out of sync with the UE with respect to the number of active carriers. This offsets some robustness against such error events. In the next sections, the simulation results show the degree of this robustness.
4

Simulation Assumptions

Table 3 shows the assumptions that used in the simulations conducted.

Table 3: Simulation Assumptions for HS-DPCCH ACK/NACK link simulation

	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS
	120

	T/P [dB]
	0

	HS-DPCCH C/P [dB]
	-9.54 … 6.02

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake Receiver


4.1
Simulation Metrics

· False Alarm 

· This event occurs when the NodeB falsely detects data when the UE transmits only DTX. For all the results shown in this document, the target false alarm probability is set to be 10%
· Misdetection or Decoding error
· This event occurs when one of the following events occur
· The NodeB does not detect data when the UE transmits data, OR

· The NodeB correctly detects data but decodes it incorrectly.
4.2
Cases Simulated

Simulation Results have been generated for different channels for two cases:

· UE is not in Soft Hanover

· UE is in Soft Handover with two cells in the active set. It is assumed that there is no imbalance in the links between the UE and serving cell and non-serving cells.

4.2.1
Power Control

Power control in the soft handover simulation is implemented in the following way:

· The outer-loop set point reacts to CRC failures from both the serving and non-serving NodeB’s. If one NodeB succeeds in decoding the packet while the second NodeB fails, the outer loop would consider it to be a successful decoding and the set point would be adjusted accordingly.

· The inner loop power control commands are generated independently from each NodeB based on the estimated received SIR at each NodeB.

· The UE transmit power level is adjusted according to the “or of downs” rule, i.e., the TPC commands transmitted from the serving and non-serving cells are combined using this rule.

5
HS-DPCCH ACK/NACK Simulation Results

In this section, simulation results are shown for the scenario described in Section 3 for the cases where the UE is not in soft handover (i.e., a single cell in the active set) and the case where the UE is in soft handover (with two cells in the active set) as described in Section 4. The simulation assumptions and the metrics used are also described in Section 4.

For purposes of comparison, the case where the UE and the NodeB are in sync i.e., the case where the UE receives the order, deactivates the carriers, transmits the ACK on the uplink and the NodeB receives the ACK and changes the receiver accordingly. In this scenario, the NodeB coherently combines the signal across the two half slots before decoding. This is the case when the error event B does not occur.

5.1
UE NOT in Soft Handover

Figure 1 shows the probability of misdetection or decoding error for the case where the UE is not in soft handover when the error event B occurs and the case where the error event B does not occur. The results are shown for the AWGN channel for a target False Alarm Probability = 0.1. Results for the PA3, PB3, VA30 and VA120 channels can be found in Figures 3-6 in the Annex.
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Figure 1: Simulation results when Error Event B does and does not occur; UE not in SHO; AWGN; FAR = 10%
Observation

The following observations can be made from Figures 1- 5:
· There is a significant increase in misdetection or decoding error probability when the UE and the NodeB are not in sync – in this case, the UE assumes that there are two carriers active and the NodeB assumes that all four carriers are active but only schedules on two of the carriers.
· When the HS-DPCCH C/P is set to be –2dB, the misdetection or decoding error probability increases from 1% to 10% in most cases. For high speed fast fading channels, the increase is from 4% to 15%.

· Even if one assumes a conservative assumption for HS-DPCCH C/P to be 0dB, the misdetection or decoding error probability increases from under 2% to over 7% for the high speed channels.

5.2
UE IS in Soft Handover

Figure 2 shows the probability of misdetection or decoding error for the case where the UE is in soft handover when the error event B occurs and the case where the error event B does not occur. The results are shown for the AWGN channel for a target False Alarm Probability = 0.1. Results for the PA3, PB3, VA30 and VA120 channels can be found in Figures 2-5 in the Annex.
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Figure 2: Simulation results when Error Event B does and does not occur; UE is in SHO; AWGN; FAR = 10%

Observation

The following observations can be made from Figures 1- 5:
· There is a significant increase in misdetection or decoding error probability when the UE and the NodeB are not in sync – in this case, the UE assumes that there are two carriers active and the NodeB assumes that all four carriers are active but only schedules on two of the carriers.

· When the HS-DPCCH C/P is set to be –2dB, the misdetection or decoding error probability increases from 2% to 15% for the AWGN channel. 
· Even if one assumes a conservative assumption for HS-DPCCH C/P to be 0dB, the misdetection or decoding error probability increases from 3% to 10% for the high speed channels.

Based on the results and Observations in Sections 5.1 and 5.2, we can conclude that there is a significant impact to system performance when Error Event B occurs even if there is a degree of robustness in the decoding process. This degradation may continue for extended periods of time until the NodeB recovers from the error event. Therefore, it is considered that there is a need for additional boosting of power levels at the UE. As a result, we propose the following:
Proposal 2: Upon (de)activation of carriers, the UE applies a boost to the HS-DPCCH power offsets (ΔACK, ΔNACK, ΔCQI) for a configurable period of time.

7
Conclusions

In this contribution, the degree of robustness of the HS-DPCCH design to the occurrence of error events was evaluated. Two error events were specifically identified – Error Event A and Error Event B. These were describes in detail and the consequences were they to occur was analyzed. Link simulations results for the case where Error Event B occurs were generated when the UE is not in soft handover and the case when the UE is in soft handover.

Based on the analysis and the results shown, it is considered that there is a significant impact to system performance when these error events occur. Therefore, it is considered that measure need to be taken to avoid this impact. As a result the following proposals are made:

Proposal 1: The HS-DPCCH power offset is boosted by an additional amount that is configured by the network, whenever an acknowledgement is sent in response to a carrier (de)activation HS-SCCH order.

Proposal 2: Upon (de)activation of carriers, the UE applies a boost to the HS-DPCCH power offsets (ΔACK, ΔNACK, ΔCQI) for a configurable period of time.
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Annex
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Figure 3: Simulation results when Error Event B does and does not occur; UE not in SHO; PA3; FAR = 10%
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Figure 4: Simulation results when Error Event B does and does not occur; UE not in SHO; PB3; FAR = 10%
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Figure 5: Simulation results when Error Event B does and does not occur; UE not in SHO; VA30; FAR = 10%
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Figure 6: Simulation results when Error Event B does and does not occur; UE not in SHO; VA120; FAR = 10%
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Figure 7: Simulation results when Error Event B does and does not occur; UE is in SHO; PA3; FAR = 10%

[image: image10.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8

10

-4

10

-3

10

-2

10

-1

10

0

Pr(Mis-Det or Dec Err | Non-DTX); Channel = PB3

HS-DPCCH C/P [dB]

Probability

 

 

MisDet or Dec Err:UE and NodeB in sync

Mis-Det or Dec Err:Error Event B


Figure 8: Simulation results when Error Event B does and does not occur; UE is in SHO; PB3; FAR = 10%
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Figure 9: Simulation results when Error Event B does and does not occur; UE is in SHO; VA30; FAR = 10%
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Figure 10: Simulation results when Error Event B does and does not occur; UE is in SHO; VA120; FAR = 10%

