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Discussion 

1. Introduction

In RAN4#64bis, one contribution discussed the need for an open loop requirement for 2/10ms TTI selection for cell FACH enhancements. The procedure for selection of a 2/10ms TTI is described in [1], which follows the technically endorsed running CR for the introduction of feFACH in 25.331 [2] as follows:

[image: image1]
2. Discussion

The procedure agreed for FE-FACH TTI selection and described in [1] assumes that the headroom which is compared with the “Common E-DCH TTI selection threshold” is a calculated value based indirectly on the Preamble_Initial_Power and the number of ramping steps which have been applied. This means that both uncertainties in the measurement of CPICH_RSCP and uncertainties in UE uplink power setting can lead to uncertainties in whether a 2 or 10ms TTI will be selected for a given UE output power at the UE antenna connector.
There are two different ways in which RAN4 could define accuracy requirements and testing for the 2ms switching point (and it should be observed that the types of requirements do not need to be mutually exclusive, both methods have been proposed previously in [1] and [3] respectively and could both be specified in 25.133).

(1) The direct relationship between CPICH RSCP (as manifested in preamble initial power and commanded power) versus selected TTI could be defined by the requirement. An example of a test case to check such a requirement would be where the CPICH RSCP setting is such that the nominal preamble initial power is 0dBm, ramp step is 3dB and the 4th UE preamble is acknowledged. Such a requirement/test checks the selected TTI length without reference to the actual UE preamble transmission power referring the outcome to the CPCIH RSCP and other parameters.
(2) The relationship between the actual UE transmission power and the selected TTI length is checked. The difference with this approach is that CPICH RSCP measurement errors do not affect the requirement.

Actually, these approaches correspond roughly to splitting the legacy open loop power control accuracy requirement into separate uncertainties for the downlink CPICH RSCP measurement(1) and the uplink power setting part(2). In the first type of requirement the UE measured CPICH RSCP accuracy and the number and nominal size of ramp steps directly determines the selected TTI, whereas in the second type of requirement the CPICH RSCP measurement tolerance does not form part of the requirement, which is about the tolerance between predicted and actual UE transmission power in the end.
Considering the operation of the feature in real deployments, if the UE overestimates CPICH RSCP compared with the nominal CPICH RSCP then it will set a lower preamble initial power, and it will take a greater number of PRACH preambles before an acquisition indicator is obtained from the node B. Similarly if the power is overestimated, it will take a smaller number of preambles. Hence, even if the UE does not measure CPICH RSCP very accurately at the beginning of the preamble sequence, the headroom used for the 2/10ms TTI selection is made will tend to be compensated by the acquisition indicator feedback which affects the number of ramp steps in the sequence. This may not be true if either of the following conditions occur:
· The UE receives an acquisition indication on the first attempt

· The preamble step size is large, for example larger than the accuracy of CPICH measurements themselves.

However, if aggressive RACH configurations such as this commonly occur they also mean that UE are at risk of causing significant uplink interference. Therefore requirements which check the relationship between CPICH RSCP and the corresponding 2/10ms TTI selected after a certain number of preambles seem less important than requirements which relate the headroom to the actual UE transmission power. On the other hand, it would be relatively straightforward for RAN4 to define such requirements since the only measurement made by the UE for this type of requirement is CPICH RSCP and the basic accuracy of CPICH RSCP measurements in cell-FACH state is already well specified. So type (1) requirements would basically introduce a tolerance on 2/10ms TTI selection equivalent to the CPICH RSCP accuracy already defined in 25.133. Indeed, it could be justified that the current CPICH RSCP accuracy requirement would be sufficient to already allow testing of the relationship between CPICH RSCP (as manifested in preamble initial power and commanded power) versus selected TTI

[image: image2]
Type (2) requirements and tests where the accuracy of the switching versus the UE transmitted preamble power have also been considered in RAN4, for example in [3] and [4]. However, when reviewing the proposals along with the recently agreed procedure in 25.331 [2], there is one issue that we would like to highlight. 
According to [2], the headroom used for 2/10ms TTI selection depends on either preamble initial power or commanded preamble power, rather than the UE estimate of preamble power which could be (for example) estimated with a power detector. The difficulty here is that the UPH requirements from cell-FACH and cell-DCH which are proposed to be copied to the new 2/10ms TTI switching requirement make the underlying assumption that power detection is used.
Typical UE implementations have the possibility to detect transmitted power, at least at the higher transmission powers so that they are able to limit their maximum output power in connected states according to the various requirements in 25.101, as well as to allow the UTRA network to configure a lower maximum output power than the power class of the device and to enable reporting of UE transmitted power (25.133 section 9.1.6) or UE transmission power headroom (25.133 section 9.1.13).
Clearly, it only makes sense to base the accuracy requirement of the 2/10ms TTI selection procedure on the accuracy requirements for estimation of DPPCH power if the underlying implementation mechanisms are similar. For instance the better accuracy of UPH estimation at higher Total UE output power value which can be seen from table 9.34B in 25.133 is based on the assumption that the UE uplink power detector operates more accurately when measuring higher output power. Indeed, this is the reason why the accuracy depends on total UE output power, and not on the uplink power headroom itself. If the UE sets the TX power based on its prior gain calibration, and does not use a measurement of the transmission to improve the accuracy of the estimate then there is little justification that this setting can be done more accurately at higher transmission powers.

Our assumption is therefore that the accuracy of the UE internal values preamble initial power and commanded preamble power versus the actual power transmitted can only be guaranteed with a tolerance of about ±6dB. This is partly derived from the the accuracy of UPH when the total transmitted power output power is in the range of -50dBm to -11dBm which was the domain where UE power detection was not assumed when the UPH requirements were developed in release 6.

One aspect which can be clarified is that in the existing PRACH open loop power control requirement, the CPICH RSCP measurement uncertainties and the transmit gain setting uncertainties are not directly additive since there is a partial compensation mechanism if it is assumed that TX and RX chain gains track each other. Assume that both RX and TX gains are lower than the UE would expect from its internal calibration (eg due to operating temperature). This means that the CPICH RSCP which will be measured is lower than the nominal value, causing preamble initial power to be set higher. This compensates to an extent for the lower transmitter gain. Hence both RX and TX uncertainties may be ±6dB even though the overall open loop requirement combining both RX measurement and TX gain setting of ±9dB can be met in normal conditions. 
To improve the accuracy of headroom estimates for 2/10ms TTI selection, it could be considered if it would be better to allow the UE to take into account detected uplink power, rather than commanded uplink power in its decision. This would imply a change to the existing endorsed RAN2 CR with changes to the procedure discussed earlier highlighted in purple. We have provided a corresponding 25.331 text proposal and discussion paper in RAN2 in [5].
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To determine which procedure would be better (both are nominally the same from a RAN2 perspective if measurement and gain setting uncertainties are not considered), we consider how UPH estimation and E-TFC restriction are already performed when the E-DCH transmission starts (using whichever TTI has been selected). Our view is that the 2/10ms TTI selection should be performed in a similar way. According to 25.133, the initial settings are:

For uplink power headroom, UPH = Pmax,tx – Ppreamble – Pp-e

For E-TFC restriction PDPCCH, target = Ppreamble + Pp-e
where Pmax,tx is the UE maximum transmission power, Ppreamble is the transmitted code power on PRACH preamble, and Pp-e is the power offset between the power of the last transmitted preamble and the initial DPCCH transmission power, all in dB. 

In fact, the highlighted definition of Ppreamble is not explicitly clear since this appears to be more of a functional description than an RRM core requirement. On the other hand, since there are no relaxations in accuracy for the initial UPH and E-TFC restriction it is our assumption that the initial UPH and E-TFC restrictions must allow for the preamble power to be measured from a power detector rather than set according to the nominal commanded power/preamble initial power values.

Another minor issue which can be seen from the current procedure is that Preamble Initial power is not limited to the required minimum power from the device, as can be seen from step (4) of the RACH physical layer procedure in 25.214.
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This means that there could be a significant difference in the headroom estimated from the first preamble and subsequent ones even if the ramp step is small, in the case that the first preamble is transmitted at very low power. This problem may be somewhat theoretical since it can only occur in very small cells, and for that case it may be more natural to use fixed 2ms TTI than 2/10ms switching. Nevertheless, the possible changes to use a UE estimated power would address this problem also.
For these reasons, and primarily so that the UE is allowed to use a preamble power detector in its headroom estimate, we think it would be worthwhile considering modifications to RAN2 procedures to allow the UE the freedom to use a more accurate estimate value in its headroom calculations, which is closer to the UPH that will be experienced when the UE starts E-DCH transmission.

Proposal 1: RAN4 discusses whether UE estimated preamble power or Preamble Initial Power / Commanded Preamble Power is the more accurate way to perform feFACH 2/10ms TTI selection.

If estimation rather than calculation is used, the accuracy of the estimation is intended to be confirmed by RAN4 requirements and tests. Depending on the outcome of this discussion, there are a number of implications for the RAN4 requirements:
Alternative 1: Preamble Initial Power / Commanded Preamble Power is used

· Both type (1) and type (2) requirements could technically be defined, although the additional coverage of type (1) requirements beyond existing RSCP intra-frequency absolute accuracy requirements should be better understood

· The achievable accuracy for type (2) requirements is not a function of total UE TX output power since no UE power detector is assumed. Hence an accuracy of ±6dB can be expected, which is comparable to UPH accuracy when the output power is low and it is assumed that power detection is not used

Alternative 2: The UE is allowed to use a more accurate estimate of actual preamble transmission power which is estimated after the preamble transmission has taken place

· Type (1) requirements become technically challenging to define because the relationship between the CPICH RSCP and the estimated headroom may be indirect. So as well as CPICH measurement uncertainties, other open loop inaccuracies need to be taken into account including the performance of a possible power detector.
· Type (2) requirements such as those proposed in [3] which reuse UPH accuracy requirements for the 2/10ms headroom switching accuracy become technically feasible to meet and justified.

3. References
In this contribution, we discuss the different types of requirements which can be defined for 2/10ms TTI selection in FE-FACH. 
Two different ways are identified, in which RAN4 could define accuracy requirements and testing for the 2ms switching point (and the requirements do not need to be mutually exclusive, both methods have been proposed previously in [1] and [3] respectively).

(1) The direct relationship between CPICH RSCP (as manifested in preamble initial power and commanded power) versus selected TTI could be defined by the requirement. An example of a test case to check such a requirement would be where the CPICH RSCP setting is such that the nominal preamble initial power is 0dBm, ramp step is 3dB and the 4th UE preamble is acknowledged. Such a requirement/test checks the selected TTI length without reference to the actual UE preamble transmission power.

(2) The relationship between the actual UE transmission power and the selected TTI length is checked. The difference with this approach is that CPICH RSCP measurement errors do not affect the requirement.

Based on the existing RAN2 procedures, headroom used for 2/10ms TTI selection is only a function of measured CPICH RSCP and other parameters which are not measured by the UE but rather signalled by the network or ascertained by counting the number of PRACH preambles. So while type (1) requirements could be rather straightforwardly defined, the key question is whether such requirements guarantee anything in addition to the existing CPICH intra-frequency absolute accuracy requirement. We also identify that in practical networks, an incorrect CPICH measurement will not lead to an incorrect 2/10ms TTI selection since the number of preambles before an acquisition indicator is obtained will compensate, provided that more than one preamble occurs and the ramp step size is relatively small. This could be expected for PRACH configurations which are designed to minimise uplink interference and are not too aggressive. For this reason, we think that type (2) requirements are more important than type (1) requirements.
Considering type (2) requirements, based on the current definition the UE is not allowed to make use of improved estimates of preamble power which might become available as the PRACH procedure is performed, such as measuring the PRACH preamble power with a power detector. Hence, our view is that type (2) accuracy should be defined similarly to the existing UPH requirement at low UE total transmission power (below -11dBm) which is ±6dB and this value would need to be applied regardless of the UE preamble transmission power.

Since this level of accuracy may compromise the value of the 2/10ms TTI switching feature, we propose that RAN4 discusses whether it would be better to allow UE implementations to use an estimated value of the actual preamble transmission power in the headroom calculation, coming for example from a power detector. From a RAN2 perspective and without considering uncertainties the two approaches are equivalent but UE estimated power (after the preamble has occurred) could typically be more accurate from a RAN4 perspective than preamble transmitted power/commanded power which can be regarded as a desired power setting based on the first preamble and the nominal ramp steps. Therefore we make the following proposal and observations:

Proposal 1: RAN4 discusses whether UE estimated preamble power or Preamble Initial Power / Commanded Preamble Power is the more accurate way to perform FE-FACH 2/10ms TTI selection.

Depending on the outcome of this discussion, there are a number of implications for the RAN4 requirements:

Alternative 1: Preamble Initial Power / Commanded Preamble Power is used

· Both type (1) and type (2) requirements could technically be defined, although the additional coverage of type (1) requirements beyond existing RSCP intra-frequency absolute accuracy requirements should be better understood

· The achievable accuracy for type (2) requirements is not a function of total UE TX output power since no UE power detector is assumed. Hence an accuracy of ±6dB can be expected, which is comparable to UPH accuracy when the output power is low and it is assumed that power detection is not used

Alternative 2: The UE is allowed to use a more accurate estimate of actual preamble transmission power which is estimated after the preamble transmission has taken place

· Type (1) requirements become technically challenging to define because the relationship between the CPICH RSCP and the estimated headroom may be indirect. So as well as CPICH measurement uncertainties, other open loop inaccuracies need to be taken into account including the performance of a possible power detector.
· Type (2) requirements such as those proposed in [3] which reuse UPH accuracy requirements for the 2/10ms headroom switching accuracy become technically feasible to meet and justified.
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For the first preamble transmission:


UE calculates the initial preamble transmit power ("Preamble_Initial_Power") by:


Preamble_Initial_Power = Primary CPICH TX power – CPICH_RSCP + UL interference + Constant Value


Primary CPICH TX power, UL interference and Constant Value are all signalled by the network.


CPICH_RSCP is measured by UE.


UE calculates a transmit power headroom,


	Headroom = {min(Maximum allowed UL tx power, P_MAX) �symbol 45 \f "Symbol" \s 10��	 (Preamble_Initial_Power + �symbol 68 \f "Symbol" \s 10��Pp-e )}


where "Maximum allowed UL tx power" is signalled by the network, P_MAX is the maximum RF output power of the UE (dBm) defined in TS 25.101 and �symbol 68 \f "Symbol" \s 10��Pp-e is the Power offset between the last transmitted preamble and the initial DPCCH transmission signalled by the network.


For preamble transmissions other than the first:


UE calculates the preamble transmit power ("Commanded Preamble Power") as specified in TS 25.214 based on the signalled ramping step size.


UE calculates a transmit power headroom,


	Headroom = {min(Maximum allowed UL tx power, P_MAX) �symbol 45 \f "Symbol" \s 10��		(Commanded Preamble Power + �symbol 68 \f "Symbol" \s 10��Pp-e )}


If the resulting "Headroom" value is less than the signalled "Common E-DCH TTI selection threshold":


Select 10 ms TTI.


else:


Select 2 ms TTI.





9.1.1.1.1	Absolute accuracy requirement


The accuracy requirements in table 9.1 are valid under the following conditions:


	CPICH_RSCP1|dBm.according to Annex B.3.1 for a corresponding Band


	� EMBED Equation.3 ���


Table 9.1: CPICH_RSCP Intra frequency absolute accuracy


Parameter�
Unit�
Accuracy [dB]�
Conditions�
�
�
�
Normal condition�
Extreme condition�
Band I, IV, VI, X, XI, XIX and XXI�
Band II, V and VII�
Band XXV and XXVI�
Band III, VIII, XII, XIII, XIV, XX and XXII�
Band IX�
�
�
�
�
�
Io �[dBm/3,84 MHz]�
Io �[dBm/3,84 MHz]�
Io �[dBm/3,84 MHz]�
Io �[dBm/3,84 MHz]�
Io �[dBm/3,84 MHz]�
�
CPICH_RSCP�
dBm�
( 6 �
( 9�
-94...-70�
-92…-70�
-90.5…-70


(Note 1)�
-91…-70�
-93...-70�
�
�
dBm�
( 8 �
( 11�
-70...-50�
-70…-50�
-70…-50�
-70…-50�
-70...-50�
�
NOTE 1:	The condition is -92…-70 dBm/3.84 MHz when the carrier frequency of the assigned UTRA channel is within 869-894 MHz for the UE which supports both Band V and Band XXVI operating frequencies.�
�









For the first preamble transmission:


UE calculates the initial preamble transmit power ("Preamble_Initial_Power") by:


Preamble_Initial_Power = Primary CPICH TX power – CPICH_RSCP + UL interference + Constant Value


Primary CPICH TX power, UL interference and Constant Value are all signalled by the network.


CPICH_RSCP is measured by UE.


UE estimates a transmit power headroom,


	Headroom = {min(Maximum allowed UL tx power, P_MAX) �symbol 45 \f "Symbol" \s 10��	 (Preamble_Estimated_Power + �symbol 68 \f "Symbol" \s 10��Pp-e )}


where "Maximum allowed UL tx power" is signalled by the network, P_MAX is the maximum RF output power of the UE (dBm) defined in TS 25.101 and �symbol 68 \f "Symbol" \s 10��Pp-e is the Power offset between the last transmitted preamble and the initial DPCCH transmission signalled by the network.


For preamble transmissions other than the first:


UE calculates the preamble transmit power ("Commanded Preamble Power") as specified in TS 25.214 based on the signalled ramping step size.


UE estimates a transmit power headroom,


	Headroom = {min(Maximum allowed UL tx power, P_MAX) �symbol 45 \f "Symbol" \s 10��		(Preamble_Estimated_Power + �symbol 68 \f "Symbol" \s 10��Pp-e )}


If the resulting "Headroom" value is less than the signalled "Common E-DCH TTI selection threshold":


Select 10 ms TTI.


else:


Select 2 ms TTI.





(4) If the Preamble_Initial_Power is below the minimum level required in [7], set the Commanded Preamble Power to a value, which shall be at or above the Preamble_Initial_Power and at or below the required minimum power specified in [7]. Otherwise set the parameter Commanded Preamble Power to Preamble_Initial_Power
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