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1
Introduction
In the previous RAN WG1#57bis meeting, some concerns were raised [1] about the UL DPCCH power level of the secondary carrier being too high during uplink synchronization. In this contribution, this issue is highlighted and UL DPCCH power levels of single carrier UE’s during synchronization are shown, so that an informed decision on whether a power limitation on the power level of the secondary carrier can be made.
2
Background
The single carrier operation when a UE enters CELL_DCH can be detailed as follows:

· When the UE enters CELL_DCH, Synchronization procedure A is followed, where

1. The UTRAN begins transmission of DPCCH or F-DPCH and the UE establishes downlink synchronization.

2. The UE begins transmission of DPCCH (after an activation time if configured) – power control preamble is applied as configured.
3. The initial DPCCH power level is set according to [2] as:

[image: image1]
4. Once the initial power level is set, a ramping procedure is followed. The ramping procedure is given as follows in [3]:

[image: image2]
5. The UTRAN established uplink synchronization

In the case of DC-HSUPA, the following agreements were made in RAN WG1#57 (See [4])
· When the DC-HSUPA mode is configured active by the RNC the initial state of the secondary carrier is inactive and needs to be activated with an HS-SCCH order

· 
When the secondary carrier is activated by an HS-SCCH order, its initial power level should be set to the current primary carrier's DPCCH power level minus a configurable back-off

In accordance with these agreements, a configurable back-off parameter was introduced in [5] as:

“In case the synchronisation procedure A is executed because the UE receives an HS-SCCH order to activate secondary uplink frequency, then the initial DPCCH transmit power is computed as 

Uplink DPCCH transmit power = PDPCCH,1 – UE_Sec_Tx_Power_Backoff

where PDPCCH,1 is the DPCCH transmit power on the primary uplink frequency and UE_Sec_Tx_Power_Backoff is set by higher layers.”
Therefore, the DPCCH power of the secondary carrier, denoted by PDPCCH,2 is derived from the power of the primary uplink DPCCH power. Assuming that the activation of the secondary uplink carrier by an HS-SCCH order would occur the primary carrier has achieved synchronization, the PDPCCH,2 is lower than the steady state value of PDPCCH,1 (since it was agreed that the back-off would only take positive values). 
In a scenario where the secondary carrier could take a long time to achieve synchronization, the ramping procedure would progressively increase the PDPCCH,2 to a point where the UE becomes headroom limited and power scaling rules apply. The main concern raised in [1] is that in such a situation, the E-DPDCH power on the primary carrier could be affect thus compromising performance. 
To shed further light on the scenario, we examine the UL DPCCH power levels of UE during synchronization in difference scenarios in the next section.
3
Discussion

Table 1 shows UE logs when the UE initiates random access until synchronization is achieved on both the downlink and the uplink in CELL_DCH

Table 1: UE log of time during synchronization of DL and UL; Run 1
[image: image3.emf]Time TX AGC [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

22:35:54.130 -30.000

RACH 

22:35:54.140 -30.000

…

22:35:54.333 001011010000001 -5 TPC commandsare recorded every 10ms

22:35:54.343 001011010000001 -5

22:35:54.353 100000010100010 -7

22:35:54.363 010101010101010 -1 DL Synchronization achieved

22:35:54.373 101101010101010 1 Ramping Procedure

22:35:54.383 101011010101010 1

22:35:54.390 -10.000

22:35:54.393 010101010101010 -1

TXpower and TPC commands are recorded at 

different times

22:35:54.400 -1.000

22:35:54.403 110101010101010 1

22:35:54.410 0.000

22:35:54.413 101101010101010 1

22:35:54.420 1.000

22:35:54.423 101011010101010 1

22:35:54.430 2.000

22:35:54.433 010101010101010 -1 TX AGC follows the TPC commands

22:35:54.440 1.000

22:35:54.443 110000000000000 -11 This could be where UL Sync is achieved.

22:35:54.450 -10.000

22:35:54.453 000000000000000 -15


From Table 1, we see that the initial TX power of the UE on the UL after downlink synchronization has been reached is -11dBm. This occurs at time 22:14:14.208. This corresponds to the UL DPCCH power after the ramping procedure but prior to the establishment of the power control. 

Note further that once synchronization has been obtained on the UL, the DPCCH power level reaches steady state at around -27dBm. It is reasonable to assume that the initial power of the secondary carrier would be comparable to this power level especially with the configuration of an additional back-off. In this example, the DL Rx Power (RSSI) is around -73dBm. While this is an illustrative example, a similar behavior is observed in other logs as well. The logs have been collected across multiple networks and are shown in the Annex in Tables 3-9.
In this example, the UE is not at cell edge, so the power levels seen are consequently lower. In Table 2, the logs for a UE at the cell edge are shown. 

Table 2: UE log of time during synchronization of DL and UL; UE is at cell edge; Run 1
[image: image4.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:16:36.226 11.250

RACH 

15:16:36.236 11.250

…

15:16:36.548 110110011001101 3 TPC commandsare recorded every 10ms

15:16:36.558 010011111111111 9 DL Synchronization achieved

15:16:36.568 010101010101010 -1

Ramping Procedure

15:16:36.578 110101010101010 1

15:16:36.588 110101010101010 1

15:16:36.598 110101010101010 1

TXpower and TPC commands are recorded at 

different times

15:16:36.608 110101010101010 1

15:16:36.615 14.000

15:16:36.618 110101010101010 1 TX Power follows the TPC commands

15:16:36.625 7.000

15:16:36.628 110101010100010 -1

15:16:36.635 8.000

15:16:36.638 110101010101010 1

15:16:36.645 9.000

15:16:36.648 110101010101010 1

15:16:36.655 8.000

UL Sync achievedat 15:16:36.645

UE Txpower at sync = 9dBm


In Table 2, note that the initial power levels of the UL DPCCH at the beginning of the synchronization process is quite high. Furthermore, UE takes an extended period of time to achieve synchronization. The UL DPCCH power after synchronization is around 12dBm. Accounting for data transmission, it is conceivable that this UE a cell edge could become headroom limited. As a result, the presence of a secondary carrier could indeed compromise the data transmission on the primary carrier. In this example, the DL Rx Power (RSSI) is around -100dBm. While this is an illustrative example, a similar behavior is observed in other logs where the UE is at cell edge as well. The logs have been collected across multiple networks and are shown in the Annex in Tables 10-11.
On the other hand, in the above example, it is indeed questionable whether the secondary carrier should be activated at all. In such a scenario, the NodeB could potentially wait till the SI information containing the UL Power Headroom (UPH) is received and decide not to activate the secondary carrier. One could even question the benefit of such a headroom limited UE being configured in DC-HSUPA.

Additional tables detailing the UE logs in indoor situations are given in the Annex in Tables 12-15.
The above tables indicate that there is an inverse correlation between the received and transmit powers. Low receive powers indicate that the UE is at cell edge which in turn translates to high transmit powers. The converse is also true, i.e. high received powers indicate that the UE is not at cell edge and consequently requires lower transmit powers to communicate. Note that the DPCCH power offset indicated in Step 3 in Section 2, did not differ significantly and were around the recommended range for this parameter. Any differences in the initial UL DPCCH transmit powers stems from the different received powers on the downlink. In the case of DC-HSUPA, it is expected that the variation in the initial UL DPCCH power on the secondary carrier would also be dependent on the UL DPCCH power on the primary carrier after synchronization.
Figure 1 shows the average transmit powers plotted against the corresponding average receiver powers for a variety of scenarios. The scenarios considered include UE’s that are indoor, outdoor, at the cell edge etc. The logs have been obtained from different networks as well. Note that the average powers have been obtained after the UE has achieved synchronization.
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Figure 1: Plot of the average Tx power vs the average Rx Power for UE/s in various scenarios

It can be seen in Figure 1 that the required transmit powers for UE’s that are not at cell edge are quite low. A secondary carrier would therefore not impact the transmission on the primary carrier significantly. 
However, for UE’s at the cell edge the required transmit powers are close to the max power limit. In these scenarios, the UE is headroom limited and a secondary UL carrier which takes a long time to obtain synchronization could impact the primary carrier thereby causing performance degradation. It is however questionable whether the secondary carrier would be activated for such UE’s. 
It is therefore proposed that RAN WG1 discuss the potential scenarios where the UE will be configured in DC-HSUPA and also scenarios where the secondary carrier would be activated after the UE enters CELL_DCH.
4
Conclusions

In this contribution, UE logs for a variety of scenarios are presented. Logs for UE’s that are indoor, outdoor and at cell edge are shown. Multiple runs for each scenario from different network vendors have also been tabulated. 
These logs have been presented so as to shed light on scenarios where the activation of the secondary carrier would hinder the data transmissions on the primary carrier. It is proposed that RAN WG1 discuss such scenarios and determine whether any solutions pertaining to limiting the power of the secondary carrier are needed.
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Annex 

Table 3: UE log of time during synchronization of DL and UL; Run 2
[image: image6.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

22:17:54.284 -26.000

RACH  22:17:54.294 -26.000

22:17:54.304 -26.000

…

22:17:54.506 111111000110100 3 TPC commandsare recorded every 10ms

22:17:54.516 111111000110100 3

22:17:54.526 111000000000110 -5

22:17:54.536 001101010101010 -1

DL Synchronization achieved: power control 

enabled ;

22:17:54.546 101011010101010 1 Ramping Procedure

22:17:54.554 -15.000

22:17:54.556 010101010101010 -1

TXpower and TPC commands are recorded at 

different times

22:17:54.564 -9.000

22:17:54.566 110101010101010 1

22:17:54.574 -8.000 TX Power follows the TPC commands

22:17:54.576 101101010101010 1

22:17:54.584 -7.000

22:17:54.586 101011010101010 1

22:17:54.594 -20.000

22:17:54.596

010000000000000 -13 This could be where UL Sync is achieved.


Table 4: UE log of time during synchronization of DL and UL; Run 3
[image: image7.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

22:32:18.470 -34.000

RACH 

22:32:18.480 -34.000

…

22:32:18.686 010000001001000 -9 TPC commandsare recorded every 10ms

22:32:18.696 010000001001000 -9

22:32:18.706 010100000001110 -5

22:32:18.716 010101010101010 -1 DL Synchronization achieved

22:32:18.726 101101010101010 1 Ramping Procedure

22:32:18.736 101011010101010 1

22:32:18.740 -8.000

22:32:18.746 010101010101010 -1

TXpower and TPC commands are recorded at 

different times

22:32:18.750 -10.000

22:32:18.756 110101010101010 1 TX Power follows the TPC commands

22:32:18.760 -9.000

22:32:18.766 100000000000000 -13 This could be where UL Sync is achieved.

22:32:18.770 -22.000

22:32:18.776 000000110001110 -5

22:32:18.780 -27.000


Table 5: UE log of time during synchronization of DL and UL; Run 4
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UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

22:35:54.130 -30.000

RACH 

22:35:54.140 -30.000

…

22:35:54.333 001011010000001 -5 TPC commandsare recorded every 10ms

22:35:54.343 001011010000001 -5

22:35:54.353 100000010100010 -7

22:35:54.363 010101010101010 -1 DL Synchronization achieved

22:35:54.373 101101010101010 1 Ramping Procedure

22:35:54.383 101011010101010 1

22:35:54.390 -10.000

22:35:54.393 010101010101010 -1

TXpower and TPC commands are recorded at 

different times

22:35:54.400 -1.000

22:35:54.403 110101010101010 1

22:35:54.410 0.000

22:35:54.413 101101010101010 1

22:35:54.420 1.000

22:35:54.423 101011010101010 1

22:35:54.430 2.000

22:35:54.433 010101010101010 -1 TX Power follows the TPC commands

22:35:54.440 1.000

22:35:54.443 110000000000000 -11 This could be where UL Sync is achieved.

22:35:54.450 -10.000

22:35:54.453 000000000000000 -15


Table 6: UE log of time during synchronization of DL and UL; Run 5
[image: image9.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:06:09.070 -33.000

RACH 

15:06:09.080 -33.000

…

15:06:09.282 011000100000101 -5 TPC commandsare recorded every 10ms

15:06:09.292 011000100000101 1

15:06:09.302 011100100000100 1

15:06:09.312 010101101010101 -1 DL Synchronization achieved

15:06:09.322 010101010101101 1 Ramping Procedure

15:06:09.332 010101010101010 1

15:06:09.340 -19.000

15:06:09.342 101010101010101 1

TXpower and TPC commands are recorded at 

different times

15:06:09.350 -18.000

15:06:09.352 010101101010101 -1

15:06:09.360 -17.000

15:06:09.362 010101010101101 1 TX Power follows the TPC commands

15:06:09.370 -18.000

15:06:09.372 010101010101010 1 This could be where UL Sync is achieved.

15:06:09.380 -17.000


Table 7: UE log of time during synchronization of DL and UL; Run 6
[image: image10.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:55:01.780 -33.000

RACH 

15:55:01.780 -33.000

…

15:55:02.093 000000000000000 -15 TPC commandsare recorded every 10ms

15:55:02.103 010101010101010 -1 DL Synchronization achieved

15:55:02.113 110101010101010 1 Ramping Procedure

15:55:02.123 110101010101010 1

15:55:02.133 110101010101010 1

15:55:02.143 110101010101010 1

15:55:02.153 110101010101010 1

15:55:02.161 -30.000

15:55:02.163 110101010101010 1

TXpower and TPC commands are recorded at 

different times

15:55:02.171 -29.000

15:55:02.173 110101010101010 1

15:55:02.181 -28.000 TX Power follows the TPC commands

15:55:02.183 110101010101010 1

15:55:02.191 -27.000

15:55:02.193 110101010101010 1 This could be where UL Sync is achieved.

15:55:02.201 -36.000


Table 8: UE log of time during synchronization of DL and UL; Run 7
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UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:34:22.683 -21.000

RACH 

15:34:22.693 -21.000

…

15:34:23.080 001100111001111 -3 TPC commandsare recorded every 10ms

15:34:23.090 000000000000000 -15

15:34:23.100 010101010101010 -1 DL Synchronization achieved

15:34:23.110 101010101010101 1 Ramping Procedure

15:34:23.113 -19.000

15:34:23.120 101010101010101 1

TXpower and TPC commands are recorded at 

different times

15:34:23.123 -18.000

15:34:23.130 010101010101011 1

15:34:23.133 -17.000

15:34:23.140 010101010101010 -1

15:34:23.143 -18.000

15:34:23.150 101010101010101 1

15:34:23.153 -17.000

15:34:23.160 101010101010101 1

15:34:23.163 -16.000

15:34:23.170 010101010101011 1

15:34:23.173 -15.000 TX Power follows the TPC commands

15:34:23.180 010101010101010 -1

15:34:23.183 -16.000

15:34:23.190 000000000000011 -11 This could be where UL Sync is achieved.


Table 9: UE log of time during synchronization of DL and UL; Run 8
[image: image12.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

10:21:07.385 -30.583

RACH 

10:21:07.395 -30.583

…

10:21:07.657 110011111000011 3 TPC commandsare recorded every 10ms

10:21:07.667 110011111000011 3

10:21:07.677 000000000000000 -15 DL Synchronization achieved

10:21:07.687 001010101010110 -1 Ramping Procedure

10:21:07.697 101010101010101 -15

10:21:07.707 010101010101101 1

10:21:07.715 -30.000

10:21:07.717 010101010101010 1

TXpower and TPC commands are recorded at 

different times

10:21:07.715 -29.000

10:21:07.727 101010101010110 -1

10:21:07.725 -28.000

10:21:07.737 101010101010101 1 TX Power follows the TPC commands

10:21:07.735 -27.000

10:21:07.747 010101010101101 1

10:21:07.745 -36.000 This could be where UL Sync is achieved.


Table 10: UE log of time during synchronization of DL and UL; UE at Cell Edge; Run 2
[image: image13.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:16:36.226 11.250

RACH 

15:16:36.236 11.250

…

15:16:36.548 110110011001101 3 TPC commandsare recorded every 10ms

15:16:36.558 010011111111111 9 DL Synchronization achieved

15:16:36.568 010101010101010 -1

Ramping Procedure

15:16:36.578 110101010101010 1

15:16:36.588 110101010101010 1

15:16:36.598 110101010101010 1

TXpower and TPC commands are recorded at 

different times

15:16:36.608 110101010101010 1

15:16:36.615 14.000

15:16:36.618 110101010101010 1 TX Power follows the TPC commands

15:16:36.625 7.000

15:16:36.628 110101010100010 -1

15:16:36.635 8.000

15:16:36.638 110101010101010 1

15:16:36.645 9.000

15:16:36.648 110101010101010 1

15:16:36.655 8.000

UL Sync achievedat 15:16:36.645

UE Txpower at sync = 9dBm


Table 11: UE log of time during synchronization of DL and UL; UE at Cell Edge; Run 3
[image: image14.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:16:31.268 12.000

RACH 

15:16:31.278 12.000

…

15:16:31.590 101011001001010 -1 TPC commandsare recorded every 10ms

15:16:31.600 101101111111111 11 DL Synchronization achieved

15:16:31.610 010101010101010 -1

Ramping Procedure

15:16:31.620 110101010101010 1

15:16:31.630 110101010101010 1

15:16:31.640 110101010001010 -1

TXpower and TPC commands are recorded at 

different times

15:16:31.650 110101010101010 1

15:16:31.659 8.000

15:16:31.660 110101010101010 1 TX Power follows the TPC commands

15:16:31.669 7.000

15:16:31.670 110101010101010 1

15:16:31.679 8.000

15:16:31.680 110101010101010 1

15:16:31.689 9.000

15:16:31.690 110101010101010 1

15:16:31.699 10.000

UL Sync achievedat 15:16:31.740

UE Txpower at sync = 14dBm


Table 12: UE log of time during synchronization of DL and UL; UE at indoor location; Run 1
[image: image15.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:16:36.226 11.250

RACH 

15:16:36.236 11.250

…

15:16:36.548 110110011001101 3 TPC commandsare recorded every 10ms

15:16:36.558 010011111111111 9 DL Synchronization achieved

15:16:36.568 010101010101010 -1

Ramping Procedure

15:16:36.578 110101010101010 1

15:16:36.588 110101010101010 1

15:16:36.598 110101010101010 1

TXpower and TPC commands are recorded at 

different times

15:16:36.608 110101010101010 1

15:16:36.615 14.000

15:16:36.618 110101010101010 1 TX Power follows the TPC commands

15:16:36.625 7.000

15:16:36.628 110101010100010 -1

15:16:36.635 8.000

15:16:36.638 110101010101010 1

15:16:36.645 9.000

15:16:36.648 110101010101010 1

15:16:36.655 8.000

UL Sync achievedat 15:16:36.645

UE Txpower at sync = 9dBm


Table 13: UE log of time during synchronization of DL and UL; UE at indoor location; Run 2
[image: image16.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

15:16:36.226 11.250

RACH 

15:16:36.236 11.250

…

15:16:36.548 110110011001101 3 TPC commandsare recorded every 10ms

15:16:36.558 010011111111111 9 DL Synchronization achieved

15:16:36.568 010101010101010 -1

Ramping Procedure

15:16:36.578 110101010101010 1

15:16:36.588 110101010101010 1

15:16:36.598 110101010101010 1

TXpower and TPC commands are recorded at 

different times

15:16:36.608 110101010101010 1

15:16:36.615 14.000

15:16:36.618 110101010101010 1 TX Power follows the TPC commands

15:16:36.625 7.000

15:16:36.628 110101010100010 -1

15:16:36.635 8.000

15:16:36.638 110101010101010 1

15:16:36.645 9.000

15:16:36.648 110101010101010 1

15:16:36.655 8.000

UL Sync achievedat 15:16:36.645

UE Txpower at sync = 9dBm


Table 14: UE log of time during synchronization of DL and UL; UE at indoor location; Run 3
[image: image17.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

00:04:45.446 -23.000

RACH 

00:04:45.456 -23.000

…

00:04:45.831 010101010101010 -1 TPC commandsare recorded every 10ms

00:04:45.841 110101010101010 1

00:04:45.851 110101010101010 1 DL Synchronization achieved

00:04:45.861 110101010101010 1 Ramping Procedure

00:04:45.871 110101010101010 1

00:04:45.881 110101010101010 1

TXpower and TPC commands are recorded at 

different times

00:04:45.891 110101010101010

1

00:04:45.896 -28.000

00:04:45.901 110101010101010 1 TX Power follows the TPC commands

00:04:45.906 -26.000

00:04:45.911 110101010100010 -1

00:04:45.916 -27.000

00:04:45.921 110101000101010 -1

00:04:45.926 -28.000

00:04:45.931 110101000100010 -3 This could be where UL Sync is achieved

00:04:45.936 -31.000


Table 15: UE log of time during synchronization of DL and UL; UE at indoor location; Run 4
[image: image18.emf]Time TX Power [dBm]

UL TPC Commands/frame(15 

slots)

DLTPC Sum Comments

00:46:37.861 -18.000

RACH 

00:46:37.871 -18.000

…

00:46:38.220 000000000000000 -15 TPC commandsare recorded every 10ms

00:46:38.230 010101010101010 -1

00:46:38.240 110101010101010 1 DL Synchronization achieved

00:46:38.250 110101010101010 1 Ramping Procedure

00:46:38.260 110101010101010 1

00:46:38.270 110101010101010 1

TXpower and TPC commands are recorded at 

different times

00:46:38.280 110101010101010

1

00:46:38.281 -14.000

00:46:38.290 110101010101010 1 TX Power follows the TPC commands

00:46:38.291 -14.000

00:46:38.300 110101010100000 -3 This could be where UL Sync is achieved

00:46:38.301 -17.000

00:46:38.310 000101010101010 -3

00:46:38.311 -20.000

00:46:38.320 110101010101010 1

00:46:38.321 -19.000


“The initial DPCCH power is set by higher layers according to


		DPCCH_Initial_power = DPCCH_Power_offset – CPICH_RSCP 


where


		DPCCH_Power_offset shall have the value of IE "DPCCH Power offset" in IE 	"Uplink DPCH power control info“ 


The value for the CPICH_RSCP shall be measured by the UE.”








“The TPC pattern shall consist of n instances of the pair of TPC commands ("0" ,"1"), followed by one instance of TPC command "1”


The TPC pattern continuously repeat but shall be forcibly re-started at the beginning of each frame where CFN mod 4 = 0.”
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