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1	Introduction
A work item on Further EUL enhancements was introduced at the last RAN plenary [1]. One of the objectives listed under the WID [1] is to introduce coverage improvements by means of enhancements to the TTI switching mechanism. In this contribution a way for the UE to indicate that TTI switching by the use of E-DPCCH orders has been presented. The results show that repeating the E-DPCCH orders can ensure reliability in terms of the decoding error rate across the serving and non-serving cells in a soft handover scenario.
[bookmark: OLE_LINK6]2	Background
[bookmark: OLE_LINK222]During the Study Item phase on Further EUL enhancements [2], it was considered that fast TTI switching from 2ms to 10ms TTI would be advantageous both to maintain UL Coverage and also to enable high data rates through the use of 2ms TTIs as much as possible. It was also considered that the NodeB or the RNC would make this determination by using the UPH to determine whether a TTI switch is essential. Further discussions on improvements on UPH reporting have also been discussed [2].
One the NodeB makes the decision to switch TTIs, a L1 indication through an HS-SCCH order is sent to the UE to make the switch. These situations arise typically at the cell edge when the UE is in soft handover. If the UE switches the TTI, the non-serving cells would also have to be informed about the change which can occur in two possible ways:
· RNC based Indication
· In this case, the non-serving cells would be informed by the RNC of the TTI switch after the RNC is informed by the serving NodeB. However, the delays incurred may take away most of the gains obtained by fast TTI switching. 

· UE based Indication
· In this option, the UE would indicate the TTI switching through UL L1 signalling. This would serve both as an acknowledgement of the HS-SCCH order by the serving cell and also an indication to the non-serving cell that a switch has been made. This document presents a scheme by which such L1 signalling may occur.

3	E-DPCCH Orders
A promising way to signal this TTI switch is through the E-DPCCH channel and can be referred to as an E-DPCCH order similar to the downlink HS-SCCH order. The main difference between an E-DPCCH order and a regular E-DPCCH transmission is the absence of an associated E-DPDCH channel when the order is transmitted.
3.1 Order Type Indication
Reserved E-TFCI codewords could be used to indicate that the EDPCCH transmission is an order. These reserved E-TFCI values are never used in regular E-DPCCH and E-DPDCH transmissions as indicated in the specification. 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”

Reception of these values in the TBS field of the E-DPCCH would indicate to the NodeB that an order has been received. The RSN and Happy bit field could then be used to indicate the particular order. Up to 8 potential E-DPCCH orders could be defined in this manner using a single reserved TBS value.
A variation of this approach was proposed in [3] where the higher E-TFC’s were used to signal the switch between normal operation and an alternate range expansion mode.
3.2 Operation of E-DPCCH Orders
We can assume that transitions from 2ms to 10ms TTIs and vice versa occur at a start of a HARQ process cycle. The E-DPCCH order is sent prior to the boundary of a TTI switch. Since the E-DPDCH channel is not transmitted along with the order, the power that would have been allocated to the E-DPDCH channel could be used for additional robustness. Order reception could be acknowledged by an ACK on the E-HICH channel from both the serving and non-serving cells. 
An example of an E-DPCCH order indicating a switch from 2ms to 10ms TTI is shown in Figure 1. At TTI=4, the UE transmits the E-DPCCH order, to indicate an upcoming TTI switch. After a pre-defined time duration following order transmission, the UE switches to 10ms TTI. If both the serving and non-serving NodeB’s decode the E-DPCCH order transmitted in TTI=4, they would switch to the new TTI after the predefined time duration as well.
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[bookmark: _Ref377724321]Figure 1: Illustration of the timeline of an E-DPCCH order
If the E-DPCCH order is transmitted only once, then it’s possible that the non-serving cells do not reliable decode the order. 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 transmitted 5 times.
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Figure 2: Transmission of repeated E-DPCCH orders
Whilst repeating the E-DPCCH order a fixed number of times can improve the reliability, it does not completely eliminate the possibility of error events. There may be scenarios where one or more of the NodeB(s) in the active set fails to decode the E-DPCCH order even after multiple repetitions. Such an error would result in out of sync situations with respect to the E-DCH TTI value between the UE and one or more non-serving cells. The RNC would be able to inform the non-serving cells of the TTI switches in such cases. 
At the TTI switch boundary, ongoing transmissions could be re-mapped to the processes in the new HARQ cycle if possible. However, this potentially adds some complexity to the TTI switching process. Alternatively, the UE could just wait until all the ongoing transmissions and re-transmissions finish before signalling a TTI switch. 

4	Simulation Results
In this section, we examine the link performance of E-DPCCH orders and the beta-factors required for reliable order reception in a soft-handover scenario. Table 1 lists the simulation assumptions used. 
Table 1: Simulation assumptions 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 “or of downs” rule 
Equal power scaling is applied if UE is headroom limited

	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. 
· Max Tx Power limitations apply to both data and control channels
· Orders are considered to be received in error when one of the NodeB’s fail to decode E-DPCCH correctly. 

4.1 Single E-DPCCH Orders
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 Max Tx Power is set to a high value.
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Figure 3: Performance of E-DPCCH decoding in a SHO scenario; PA3; MaxTxPower = 0dB
The points of interest in Figure 3 are denoted by letters A, B, C and D.
A: This point corresponds to C/P = 2dB and is the operating point for a single link for regular E-DPCCH transmissions. Note that this is an un-conditional 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 C/P = 2dB and is the E-DPCCH decoding error rate for a serving or a non-serving NodeB when the UE is in SHO with balanced uplinks.
C: Since both the serving and non-serving NodeB have to decode a transmitted E-DPCCH order. 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 around 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. 
From these results it can be ascertained that a simple signalling scheme may not be adequate for robust signalling.
4.2 Headroom Limited Scenarios
In this simulation scenario, we examine the case where a single E-DPCCH order is transmitted but under different Max Tx Power constraints. When the UE is headroom limited, equal power scaling is performed on all physical channels so that the resulting total power meets the Max Tx Power constraint. When an E-DPCCH order is transmitted, a similar procedure is followed and the E-DPCCH to DPCCH power ratio is maintained. 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 Max Tx Power.
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Figure 4: Performance of E-DPCCH decoding in a SHO scenario with multiple MaxTxPower setings; PA3
It can be seen that the performance of the E-DPCCH decoding is similar for the Max Tx Power levels. It can be concluded that headroom limitations do not affect the performance of the E-DPCCH orders significantly. The points of interest in Figure 4 are denoted by letters A, B and C and are similar to those in the previous simulation scenario.
4.3 Repeated E-DPCCH Orders
In this simulation scenario, E-DPCCH orders are transmitted in a repeated fashion 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 any of the transmitted E-DPCCH orders. There is no max power constraint assumed in this case. Figure 5 shows the decoding error performance for a UE in SHO when E-DPCCH orders are transmitted in a repeated fashion on the uplink.
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Figure 5: Performance of repeated E-DPCCH orders SHO scenario; PA3 channel

The points of interest in Figure 5 are denoted by letters A and B.
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. It can be seen from the figure that 4 repetitions (5 total transmissions) meet a target reliability rate of 1% combined error rate on both links.

4.4 Observations
From the results presented, it can be observed that the decoding reliability may not be adequate when a single E-DPCCH order is transmitted. On the other hand, transmitting the order 5 times does meet a combined decoding error rate of 1% for reasonable C/P value. It should be notes that the E-DPCCH is also repeated 5 times in 10msTTI. Therefore, the transmission format of the order is similar for both 2ms and 10ms TTIs. 
The study has been conducted assuming that the serving and non-serving NodeB have balanced uplinks. It may be beneficial to also verify that the performance is not adversely impacted when an imbalance is seen between the two cases. In the case of severe imbalance, the non-serving NodeB may not contribute to soft handover performance gains and so the reliability of order reception may not be very critical in that case.
Proposal 1: Consider E-DPCCH orders for UE based indication of TTI switching.
Proposal 2: E-DPCCH orders are transmitted 5 times in a repeated fashion to ensure reliability.
[bookmark: OLE_LINK79]

5	Conclusions
In this contribution, the use of E-DPCCH orders for L1 signalling on the uplink as introduced. These orders could be used to indicate a TTI switch from 2ms to 10ms TTI or vice versa to the serving or non-serving cells. Fast TTI switching has been shown [2] to be promising for maintaining UL coverage while ensuring high data rates are used for UEs not at the cell edge. 
The performance of E-DPCCH orders in a soft handover scenario has been shown when a single order is transmitted and when E-DPCCH orders are transmitted in a repeated fashion. It was shown that when the order is transmitted 5 times, then the performance across both the serving and non-serving cells is quite reliable. Based on the results, the following is proposed.
Proposal 1: Consider E-DPCCH orders for UE based indication of TTI switching.
Proposal 2: E-DPCCH orders are transmitted 5 times in a repeated fashion to ensure reliability.
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