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1
Introduction
After the RAN#65 meeting, a new Rel-13 HSPA Study Item was agreed aiming at DL enhancements and in particular at “investigating mechanisms to enhance downlink signalling performance on overhead and latency, especially for the case of RRC state transition and parameter updating.” After RAN#68, a new WI was created which aims at introduction of the corresponding enhancements to the UMTS system.
We have already made a contribution in [1] and in this revision we plan to show additional lab results on the same topic.

2
Background
If a UE is in the CELL_DCH state, then it has dedicated data channels both in the DL and UL direction thus not requiring a UE to compete for resources. However, when a UE stays in the CELL_FACH state, then each RRC message transmitted by a UE requires acquisition of resources involving transmission of PRACH preamble (followed by the PRACH message part or a common E-DCH transmission). As an example, if we consider a typical device in the IDLE state that is moved to the CONNECTED mode because of outgoing or incoming data, then one can see a noticeable amount of RRC messages exchanged between a UE and RNC. A similar situation occurs when a UE performs a handover or re-selection to UTRAN or upon the SRNC re-location.  
How fast a UE can start transmitting on the UL direction (over R99 PRACH or common E-DCH) depends on reception of the PRACH preamble, which in turn depends on the UE transmission power. Power ramping of the random access preamble is governed by the following formula from by TS 25.321: 
Preamble_Initial_Power = Primary CPICH TX power – CPICH_RSCP + UL interference + Constant Value
(1)
The preamble initial power is guided by the following equation where the difference of the 1st and 2nd term is the pathloss. The 3rd term is the UL rise over thermal (or UL load which is broadcast in SIB7 on a periodic basis) and the 4th term is the offset (the “Constant Value” broadcast in the SIB). 
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Figure 1: Legacy PRACH preamble transmission procedure
Figure 1 describes how a UE would operate the PRACH preamble transmission using formula (1) above. With formula (1), an UE will first determine the initial power for the preamble and would transmit the random access preamble with this power. If there is an ACK on the AICH it would continue transmitting the PRACH message part. In case a UE receives no response on the AICH, the UE would ramp up the preamble transmit power with a ramp step based on the SIB transmission. This would continue doing it based on the maximum number of attempts configured in the SIB.
In general, the constant value is configured by the network to a lower value to ensure that the devices do not choose an unnecessarily high initial power to start with to avoid unnecessary interference, especially when a UE sends user plane data. However, since the constant value is applied to both user and control place packets, it may impact negatively and delay procedures, when a UE exchanges a number of RRC messages with the network.  Thus, we foresee a benefit in allowing the UE to use a second “Constant Value”, which a UE could apply while sending the CCCH/DCCH data. The motivation is that a UE will use the legacy constant value for the DTCH data thus avoid unnecessary UL interference. However, once a UE sends CCCH/DCCH data, a more aggressive value (as signalled by the network) will be applied resulting in fewer PRACH preamble attempts. It should be emphasizes that formula (1) remains unchanged; it is only a different constant value that a UE will use depending on the traffic type. 
3
Lab result

Empty cell case

We made a lab test to estimate the amount of latency reduction when the “Constant Value” parameter is changed and broadcast in the System Information. In this setup the “Constant Value” was increased from -25 to -19 which represent an offset value of 6 dB.

The following snapshot shows the time stamp at 2 reference points during the test. Scenario 1 corresponds to the part where the “Constant Value” is -25 and Scenario 2 corresponds to the part where “Constant Value” is -19. Note that the offset between the 2 scenarios is an increase in 6 dB.

	The signalling messages are exchanged on CCCH and DCCH during PS RAB establishment.
Scenario 1: When “Constant value” parameter is set to -25 dB:

15:37:37.36
RRC:RRCConnectionRequest
15:37:39.26
RRC:RadioBearerReconfigurationComplete
Difference between time stamps of above 2 messages =
00:00:01.90 (1.9 seconds)

Scenario 2: When “Constant value” parameter is set to -19 dB:
15:39:29.79
RRC:RRCConnectionRequest


15:39:31.05
RRC:RadioBearerReconfigurationComplete
Difference between time stamps of above 2 messages =
00:00:01.26 (1.26 seconds)


In this test, the procedure execution time between the sending of the RRC connection request and the RRC Radio Bearer Reconfiguration Complete (RRC + RAB setup including authentication and other NAS signalling) is found to be improved by 640 msec for an offset of 6 dB.

Observation 1: For an empty cell, the procedure execution time between the sending of the RRC connection request and the RRC Radio Bearer Reconfiguration Complete is improved by 640 msec for an offset of 6 dB.
Fully loaded cell case

In addition, one more test was performed to estimate the loss of uplink throughput due to multiple UE with “Constant value” parameter is set to -19 dB for a fully loaded cell.
Scenario 1: Zero UEs performing PDP activation using HS-RACH
The following plot, in Figure 2, shows the UL throughput in a single cell with RoT = 9 dB. The variations in UL throughput that can be seen are fluctuations which are normally happening in the cell. There are no UEs which are performing PDP activation.


[image: image2]
Figure 2: UL throughput in the situation where zero UEs performing PDP activation using HS-RACH

Scenario 2:  10 UEs performing PDP activation using HS-RACH
The following plot, in Figure 3, shows the UL throughput in a single cell with RoT = 9 dB. The variations in UL throughput that can be seen are fluctuations which are normally happening in the cell. There are 10 UEs which are performing PDP activation using HS-RACH. As can be seen, there is no difference in the UL throughput due to these UEs.


[image: image3]
Figure 3: UL throughput in the situation where 10 UEs performing PDP activation using HS-RACH

Observation 2: For a fully loaded cell, there is no measurable throughput loss for CCH traffic caused by 10 UEs performing PDP activation using HS-RACH.
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Procedural execution time with “Constant Value” is -19 is close to 713 msec.
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Procedural execution time with “Constant Value” is -25 is close to 715 msec.
Observation 3: For a fully loaded cell, there is no improvement in latency for CCH traffic UEs when the cell is fully loaded. This is because the UEs are already transmitting at peak power to overcome the high RoT in the cell.
4
Conclusion
In this contribution we have discussed a possibility to apply different values of the “Constant Value” parameter during the PRACH preamble transmission procedure. To avoid excess uplink interference, we propose to use a different value for reducing latency of the uplink signalling traffic, while a legacy value will be used for user plane data. In addition to this we have made lab tests to estimate the effect of the constant value change on the UL throughput of a fully loaded cell. We make all the following observations: 
Observation 1: For an empty cell, the procedure execution time between the sending of the RRC connection request and the RRC Radio Bearer Reconfiguration Complete is improved by 640 msec for an offset of 6 dB.
Observation 2: For a fully loaded cell, there is no measurable throughput loss for CCH traffic caused by 10 UEs performing PDP activation using HS-RACH.
Observation 3: For a fully loaded cell, there is no improvement in latency for CCH traffic UEs when the cell is fully loaded. This is because the UEs are already transmitting at peak power to overcome the high RoT in the cell.
It seems that the main benefit for the additional Constant Value would be in the cases where the cell is relatively low loaded or even empty. However, there are no disruptive effects to the regular users in a fully loaded cell. So the network could still allow the 2nd constant value to be provided without being impacted by any negative effects in fully loaded cells.
Proposal 1: Discuss the above mentioned aspects and allow the network to provide an additional “Constant Value” for CCCH/DCCH traffic.
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