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1
Introduction
Many of the schemes suggested for 2ms TTI coverage extension schemes involve a mode of operation that is different from the legacy behavior. Suggested schemes include the use of Super HARQ processes [1][2] and reduction in the number of processes [3]. These schemes stipulate a UE initiated transition from the legacy 2ms TTI operation to the coverage extension mode. Suggestions on how such a transition could be signaled to the NodeB’s are given in [4] and [2]. In this contribution, we analyze the transition process and provide simulation results regarding the same.
2
Signalling the Transition
The mode based coverage extension schemes considered requires the UE to dynamically switch between the normal 2ms TTI operation and the coverage extension (CE) mode. The most promising way to signal this transition is through the E-DPCCH channel. Schemes that require the NodeB to detect changes in the E-DPCCH power levels require high changes in the relative power levels for robust operation. Re-using the available bits in the E-DPCCH offers an alternative way to signal this transition. This scheme is discussed in more detail in the following.
2.1 Indicating Transition through the E-TFCI field

A variation of this approach is proposed in [2] where the higher E-TFC’s could be used to signal the switch between the normal operation and coverage extension (CE) mode. In this scheme, signalling the higher E-TFC would also indicate which E-TFCI is being used in the CE mode. However, the re-interpretation of the E-TFCI bits would require a configuration change which in-turn would require RRC signalling. As a consequence, dynamic nature of the CE scheme is somewhat compromised.
Another and possibly better alternative is to just use the reserved E-TFCI codewords to indicate the transition. This would obviate the need for RRC signalling as the reserved codewords are never used otherwise. The NodeB’s could interpret the use of these codewords as a mode transition signal. The exact reserved codeword could be mapped to a packet size that is used in the CE mode. The reserved codewords are given in 25.321 as: 
“The UE shall not use the following E-TFCIs;

-
If the UE is configured with E-TFCI table 0 (see [7]) and 2ms TTI, it shall not use E-TFCI 120 in the mapping defined in Annex B.1

-
If the UE is configured with E-TFCI table 1 (see [7]) and 2ms TTI, it shall not use E-TFCI 115 in the mapping defined in Annex B.2

 -
If the UE is configured with E-TFCI table 2 (see [7]) and 2ms TTI, it shall not use E-TFCI 121 in the mapping defined in Annex B.2a

-
If the UE is configured with E-TFCI table 3 (see [7]) and 2ms TTI, it shall not use E-TFCIs 101 and 102 in the mapping defined in Annex B.2b”
2.2 E-DPCCH Orders

The UE switches to the CE mode when it becomes severely headroom limited. These situations arise typically at the cell edge with multiple cells in the active set. Therefore, the UE is likely to be in soft handover with one or more non-serving NodeB’s. The mode transition signalling should therefore be robust enough to be received and decoded at multiple NodeB’s. For this purpose and to allow for additional flexibility in the selection of the packet sizes used during the CE mode, the E-DPCCH could be sent prior to the mode transition boundary. 

Since mode transitions occur at the start of an 8 HARQ process cycle (see [1]), the E-DPCCH signalling that communicates the mode switch is sent prior to that boundary. Additionally, since the purpose of this signalling is just to indicate the mode transition, there is no requirement for an E-DPDCH channel to be transmitted along with the E-DPCCH. The power that would have been used up by the E-DPDCH channel could therefore be allocated to the E-DPCCH channel allowing for more robustness in the signalling process. Furthermore, the reception of the mode transition signalling could be acknowledged with an ACK on the downlink from the NodeB’s that are in the active set to ensure that both the UE and the NodeB’s are in sync. 

This E-DPCCH transmission without E-DPDCH could also be interpreted as being similar to an HS-SCCH order on the downlink and could be termed as an E-DPCCH order. Figure 1 illustrates the timing of such a E-DPCCH order.
[image: image1.emf]6 7 8

1 2

3 4 5

3 4

5 6

1 2 3 4

2 1 3 4 5

6 5 7 8 1

7 8

2 6

Super HARQ Process 

1

Super HARQ Process 

1

Super HARQ Process 

2

Super HARQ Process 

3

Super HARQ Process 

4

Super HARQ Process 

2

Re-transmission

5 Repetitions

1 2

3 4

5 6

7 8

E-DPCCH Order can be sent 

in any of the processes

Mode Switch Boundary


Figure 1: Block Diagram illustrating the timing of an E-DPCCH order

In the figure, the block shaded in red represents the E-DPCCH order which indicates a mode transition to a CE mode at the next 8 HARQ process cycle boundary. The coverage extension scheme illustrated in Figure 1, is 5Reps+2Tx, i.e. the 2ms TTI is repeated 5 times with 1 re-transmission. This scheme mimics the timing of the 10ms TTI operation. There are 4 Super HARQ processes (as defined in [1]) as in 10ms TTI operation. The latency and coverage performance of this CE mode is close to that of 10ms TTI. 
The E-DPCCH order could also be repeated multiple times to ensure that all the NodeB’s in the active set receive and decode the order. Figure 2 illustrates an example of the scheme where the E-DPCCH order is repeated.
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Figure 2: Block Diagram illustrating the scheme where multiple E-DPCCH orders are transmitted

In Figure 2, the E-DPCCH is transmitted multiple times prior to the mode switch boundary to ensure that ACK’s are received from all the NodeB’s in the active set. The repetitions of the order do not necessarily need to be consecutive as is shown in the Figure. The order could be re-transmitted in any available HARQ process prior to the mode switch boundary. If a NodeB has already decoded an order, subsequent orders are ignored. 
Note also that if more than 2 transmission of the order are required, then the mode switch boundary may need to be delayed by 16ms or 8 HARQ processes to account for the ACK timeline. This could be done dynamically by the UE by only beginning transmissions in the CE mode when ACK’s from all the NodeB’s in the active set have been received.
2.3 Mode Transition Operation

As mentioned earlier, the UE decides to enter the CE mode when it becomes headroom limited and exits the CE mode when the headroom becomes available. At the mode switch boundary, ongoing transmissions could be mapped to the processes in the new mode as proposed in [1] and [2]. This requires additional bookkeeping and added complexity at the UE. Alternatively, the UE could just wait until all the ongoing transmissions and re-transmissions finish before signalling a mode transition. This is perhaps a simpler approach to the transition operation but suffers from additional latency. 
3
Simulation Results

In this section, we examine the link performance of the E-DPCCH based signalling scheme in a soft handover (SHO) scenario. Table 1 lists the simulation assumptions used. Note that the actual coverage extension scheme considered is irrelevant for this study. 

Table 1: Simulation assumption for evaluating E-DPCCH orders in a SHO scenario

	Parameter
	Value

	Number of NodeB’s in active set
	2

	Imbalance factor[dB]
	0

	TTI
	2ms

	Number of H-ARQ Processes
	8

	E-DPCCH C/P [dB]
	-6 to 15

	Number of Rx Antennas
	2

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Receiver Type
	Rake Receiver

	ILPC
	On with max transmit power limit
Equal scaling for all channels
“or of downs” is followed with respect to the TPC commands received from the 2 NodeB’s

	OLPC
	ON
Selection Combining is enabled

	Channels
	PA3


Additional simulation assumptions:
· The uplinks to the serving and the non-serving NodeB’s are balanced.

· E-DPCCH orders are transmitted without E-DPDCH on available HARQ processes. The orders are transmitted at every HARQ process cycle. 

· MaxTxPower limitations apply to both data and control channels
· E-DPCCH order errors

· Orders are considered to be received in error when one of the NodeB’s fail to decode E-DPCCH correctly. 
3.1 Simulation Scenario I
We first examine the scenario where a single E-DPCCH order is transmitted. Figure 3 shows the decoding error performance for a UE in SHO when a single E-DPCCH order is transmitted. In this simulation the MaxTxPower is set to a high value.
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Figure 3: Performance of E-DPCCH decoding in a SHO scenario; PA3; MaxTxPower = 0dB
In the Figure, the green curve shows the performance of the E-DPCCH channel decoding for a single link, i.e. only the serving NodeB is in the active set. The blue and black curves correspond to the decoding error performance at the serving and non-serving NodeB’s respectively. The red curve corresponds to the decoding error performance at both the serving and the non-serving NodeB’s combined, i.e. an error event is declared when either of the NodeB’s fail to decode. The points of interest are denoted by letters A, B, C and D and are described in the following.

A: This point corresponds to E-DPCCH C/P = 2dB and is the decoding error rate for a single link. Note that this is an undconditional error rate and does not take into account whether the E-DPDCH decoded or not.The conditional error rate accounting for E-DPDCH decoding would be under 1%.

B: This point corresponds to E-DPCCH C/P = 2dB and is the decoding error rate for a serving or non-serving NodeB when the UE is in SHO. Due to macro-diversity, the decoding error rate requirements are relaxed for regular operation. 
C: In the case of mode switch signalling, (either through orders or otherwise), both the serving and non-serving NodeB have to decode the transmitted E-DPCCH. Assuming a requirement of 1% combined decoding error rate, point C corresponds to the required Ec/Nt to achieve the requirement. This corresponds to an E-DPCCH C/P requirement of 15dB. 

D. In the case of E-DPCCH orders, additional power due to the absence of the E-DPDCH channel could be allocated to the E-DPCCH channel. While the amount of power available depends on the headroom available at the UE, point D corresponds to an increase in the C/P of 4dB. This value is similar to the T/P’s used in the CE schemes considered and is shown for reference. It is seen that in this case, the combined decoding error rate is over 7%.

Note finally that if the E-DPCCH C/P were to be kept unchanged at 2dB, the combined decoding error rate is over 20% which means that at least one of the serving or non-serving NodeB’s will fail to decode the mode switch signalling 20% of the time! Note also that these results correspond to a single E-DPCCH transmission indicating a mode transition.

Any E-DPCCH based signalling scheme would also have the same requirements in terms of C/P. From these results it can be ascertained that a simple signalling scheme would not be adequate for robust signalling.

3.2 Simulation Scenario II
In this simulation scenario, we examine the case where a single E-DPCCH order is transmitted but under different MaxTxPower constraints. When the UE is headroom limited, equal power scaling is performed on all physical channels so that the resulting total power meets the MaxTxPower constraint. When an E-DPCCH order is transmitted, a similar procedure is followed but the E-DPCCH power level is not constrained. The reason for this is to establish a DPCCH power level in accordance with a residual BLER of 1% and then examine the required E-DPCCH to achieve a combined decoding error rate of 1%. Since, the transition should technically occur before the UE loses coverage, the points considered allow for the UE being in coverage. Figure 4 shows the E-DPCCH decoding error performance in soft-handover for a single E-DPCCH order with multiple settings for the MaxTxPower level.
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Figure 4: Performance of E-DPCCH decoding in a SHO scenario with multiple MaxTxPower setings; PA3

In Figure 4, the light blue curve shows the decoding error rate shows the E-DPCCH decoding error rate for a single link. The error events are processed for all RSN values and are irrespective of the decoding performance of the E-DPDCH. The other colours indicate the decoding error rate for different max power settings. 

It can be seen that the performance of the E-DPCCH decoding improves slightly as the max transmit power threshold becomes tighter. This is due to an indirect consequence of the max power limitation. Stringent power constraints cause the set point to increase in an attempt to overcome the headroom constraints and meet the target residual BLER of 1%. Therefore as the MaxTxPower setting tends lower, the Ecp/Nt that is required to meet the target residual BLER increases. A higher set point benefits the overhead decoding including the EDPCCH orders and this trend is observed in the figure.

The points of interest are denoted by letters A, B and C and are described in the following.
A: This point corresponds to E-DPCCH C/P = 2dB and is the decoding error rate for a single link. This point is similar to Point A in the previous simulation scenario.
B: Assuming a requirement of 1% combined decoding error rate, point B corresponds to the required Ec/Nt to achieve the requirement. This corresponds to an E-DPCCH C/P requirement of 12dB when the MaxTxPower limit is set so that the UE begins to lose coverage. 
C. Point C corresponds to an increase in the C/P of 4dB that can be allocated to the E-DPCCH channel due to the absence of the E-DPDCH channel. This indicates that even if all the power is to be allocate to the E-DPCCH channel, the minimum error rate that is achievable is still over 5%. 
It is considered that for robust design purposes, Simulation Scenario I be considered for determining the required E-DPCCH power to meet a 1% combined error rate requirement.

3.3 Simulation Scenario III
In this simulation scenario, multiple E-DPCCH orders are transmitted on the uplink. If a NodeB has decoded an E-DPCCH order, subsequent orders are ignored. An error event in this simulation is the case where either the serving or the non-serving NodeB fails to decode all of the transmitted E-DPCCH orders. The MaxTxPower is set to a high value in this case. Figure 5 shows the decoding error performance for a UE in SHO when multiple E-DPCCH orders are transmitted on the uplink.
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Figure 5: Performance of E-DPCCH decoding in a SHO scenario with multiple E-DPCCH orders transmitted on the uplink; PA3 channel
In Figure 5, the black curve corresponds to the E-DPCCH decoding error rate of a single link i.e. only the serving NodeB is in the active set. The blue curve corresponds to the combined decoding error rate of when a single E-DPCCH order is transmitted. The pink, green and red curves correspond to cases where the E-DPCCH order is transmitted a total of 2, 3 and 5 times respectively. As mentioned earlier, if either the serving or the non-serving NodeB’s fails to decode any one of the repeated E-DPCCH orders, then this would be considered as a error event. 
The points of interest are denoted by letters A and B and are described in the following.

A: This point corresponds to E-DPCCH C/P = 2dB and is the decoding error rate for a single link. This point is similar to Point A in the previous simulation scenarios.

B: Point B corresponds to an increase in the C/P of 4dB that can be allocated to the E-DPCCH channel due to the absence of the E-DPDCH channel. The goal is to then find the minimum number of required repetitions of the E-DPCCH order to ensure that the decoding error rate at this power level is less than 1%. It can be seen from the figure that 1 and 2 repetitions fall short of the required performance criteria. 4 repetitions (or 5 total transmissions) meet the required criteria. 

3.4 Observations
As a result, we observe that when the UE is in SHO with balanced links to the serving and non-serving NodeB’s and is power limited; in order to signal a mode transition from legacy 2ms TTI operation to a CE mode in a robust and reliable fashion, an E-DPCCH order should be transmitted 5 times. If E-DPDCH were to also be transmitted along with the E-DPCCH, the number of repetitions would need increase further.
Furthermore, we consider this scenario to be an extremely optimistic. If the two uplinks were imbalanced or if the channel was static, then the requirement would not be satisfied even with 5 transmissions of the E-DPCCH order. 

Therefore, we conclude that signalling mode transitions from legacy 2ms TTI operation to a CE mode is inherent unreliable, not robust and suffers from serious power limitations. Consequently, we consider that without an adequately robust scheme for mode transitions, any mode based coverage extension scheme may not function properly.
4
Conclusions

In this contribution, the signaling procedure of mode transitions was studied. Specifically, schemes involving signaling the mode transitions by re-interpreting the E-DPCCH bits were examined. Simulation results were shown which indicate the required E-DPCCH power for achieving a target decoding error rate across the serving and non-serving NodeB’s of 1%. 
The results showed that a single E-DPCCH transmission would not have the required power to meet the target criteria. It was also shown that for balanced SHO links, 5 E-DPCCH transmissions without E-DPDCH were required to meet the performance in a PA3 channel. Since, this target is achievable only for balanced links and is not robust enough for imbalance scenarios, we consider that any scheme which requires a re-interpretation of the E-DPCCH bits may not be robust enough for signaling mode transitions.

Furthermore, any serious consideration of a mode based coverage extension scheme would warrant a mode switch signaling scheme that would be robust in balanced as well as imbalanced soft handover scenarios.
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