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1. Introduction

In Rel-5, the Radio Link Timing Adjustment functionality has been introduced in the UTRAN to allow to shift the timing of the DL Transmission towards a given UE by 256 chips. The corresponding Work Item was covered in [1].
This contribution describes scenarios where the functionality added in Rel-5 cannot be used, or, at least, cannot be used immediately, and proposes a solution to efficiently solve the situation araising in those scenarios.
2. SCENARIOs DESCRIPTION

In the following sections, different scenarios are described showing different cases where the current situation may be improved.

2.1 First Effect: Influence of UE movements

The scenario showing the influence of the UE movements the following one:

1. Establishment of the first RL (RL1) on Cell 1 controlled by Node B1. The Cell 1 is the Reference Cell for determination of the UL DPCH Transmission time for the UE (see [2], § 7.1.2).

2. The first slope indicates that the UE is moving away from the Node B1 and thus the propagation delay on the RL1 increases. The UE ensures that the UL DPCH Transmission time is as close as possible to 1024 chips after the reception of the DL DPCH from Cell 1. This is done by small adjustments (no more than ¼ chips every 200 ms).

3. Addition of a second RL (RL2) on Cell 2 controlled by Node B2. By using the mechanisms currently specified in [3], the reception instant of the DL DPCH from Cell 2 falls at T0 + α2 (t3) where α2 is between ‑ 148 and + 148 chips (based on OFF and Tm values sent by the UE).

In this example, by rounding the Chip Offset to the nearest 256 chips-boundary, the transmission timing for RL2 is such that it is received at e.g. T0 + α2 (t3) = T0 + 125 chips.

4. The second slope indicates that the UE is moving closer to the Node B2 and thus the propagation delay on the RL2 decreases.

As the UE continues to move away from Node B1, the propagation delay on the RL1 continues to increase and the UE continues to shift the UL DPCH Transmission time to ensure that is as close as possible to 1024 chips after the reception of the DL DPCH from Cell 1.

As the UE continues to move closer to Node B2, the propagation delay on the RL2 continues to decrease. This, added to the shifting of the UL DPCH Transmission time, means that the Reception instant of the DL DPCH from Cell 2 is moving away from the UL DPCH Transmission time, i.e. T0 + α2 is increasing.

5. The RL3 on Cell 3 controlled by Node B2 is added to the Active Set. At this point in time, 
T0 + α2 (t5) = T0 + 132 chips for RL2. Based on the SFN-CFN Observed Time Difference measurement (OFF and Tm values) provided by the UE, the SRNC will provide a Frame Offset/Chip Offset to the Node B which will result according to mechanisms specified in [3] in an RL3 on which the transmission occurs 256 chips later than on RL2: T0 + α3 (t5) = T0 – 124 chips.

This scenario is illustrated by the following figure which shows the evolution (with time) of the DL DPCH reception time and UL DPCH transmission time as the UE moves.
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Thus, the two Radio Links transmitted by the same Node B are not transmitted simultaneously.

2.2 Second effect: Change of Reference Cell for synchronization of DL reception and UL Transmission in the UE

In the following scenario, effects due to the movement of the UE (variation of the propagation delay towards a given Node B) are not taken into account, thus the position of reception of the DPCH on the different RLs does not change with time, only the UL Tx Instant and the Rx window change.

1. Establishment of the first RL (RL1) on Cell 1 controlled by Node B1. The Cell 1 is the Reference Cell for determination by the UE of the frame timing of the UL DPCH (see [2], § 7.1.2).
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2. Addition of a second RL (RL2) on Cell 2 controlled by Node B2.

The measurements provided by the UE (OFF and Tm) are such that after rounding of the Frame Offset + Chip Offset provided to Node B2, the RL2 is received at:

T0 + α2 (t2) = T0 + 125 chips before the UL DPCH frame timing at the UE.
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3. The RL1 is removed from the Active Set. The UE then chooses in an implementation-specific manner the new Reference Cell for determination of the UL DPCH frame timing at the UE. In this particular case, as there is only one RL in the Active Set, the UE chooses Cell 2.

The UE then starts to adjust the UL DPCH frame timing so that it the UL DPCH transmission time is as close as possible to 1024 chips after the reception of the DL DPCH from Cell 2 (new reference cell). This can be done only by small adjustments (no more than ¼ chips every 200 ms). Thus, T0 + α2 (t) is decreasing with time.

In the figure below, the dashed lines indicate the position the UL Tx Instant and the Rx window in the UE at t2, the plain lines indicate the positions at t3.

In this example, T0 + α2 (t3) = T0 + 105 chips before the UL DPCH frame timing at the UE.
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4. The RL3 on Cell 3 controlled by Node B3 is added to the Active Set.

As the UE has continued to adjust the UL DPCH frame timing so that the UL DPCH transmission time is as close as possible to 1024 chips after the reception of the DL DPCH from Cell 2 (reference cell), T0 + α2 (t) has kept on decreasing and in the figure below it is now at:

T0 + α2 (t4) = T0 + 85 chips before the UL DPCH frame timing at the UE.

The measurements provided by the UE (OFF and Tm) are such that after rounding of the Frame Offset + Chip Offset provided to Node B3, the RL3 is received at:

T0 + α3 (t4) = T0 - 115 chips before the UL DPCH frame timing at the UE.

In the figure below, the dashed lines indicate the position of the UL Tx Instant and the Rx window in the UE at t2, the plain lines indicate the positions at t4.
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5. The UE keeps on adjusting the UL DPCH frame timing so that the UL DPCH transmission time is as close as possible to 1024 chips after the reception of the DL DPCH from Cell 2 (reference cell). Thus, T0 + α2 (t) has kept on decreasing and in the figure below it is now at 

T0 + α2 (t5) = T0 + 75 chips before the UL DPCH frame timing at the UE.

In the same manner, since T0 has moved by 10 chips towards the reception instant of the DL DPCH from Cell 2, T0 + α3 (t) has decreased and is now at:

T0 + α3 (t5) = T0 - 125 chips before the UL DPCH frame timing at the UE.

In the figure below, the dashed lines indicate the position of the UL Tx Instant and the Rx window in the UE at t2, the plain lines indicate the positions at t5.
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6. The RL4 on Cell 4 controlled by Node B3 is added to the Active Set.

As the UE has continued to adjust the UL DPCH frame timing so that the UL DPCH transmission time is as close as possible to 1024 chips after the reception of the DL DPCH from Cell 2 (reference cell), T0 + α2 (t) has kept on decreasing and in the figure below it is now at:

T0 + α2 (t6) = T0 + 65 chips before the UL DPCH frame timing at the UE.

In the same manner, since T0 has moved by 10 chips towards the reception instant of the DL DPCH from Cell 2, T0 + α3 (t) has decreased and is now at:

T0 + α3 (t6) = T0 - 135 chips before the UL DPCH frame timing at the UE.

The measurements provided by the UE (OFF and Tm) are such that after rounding of the Frame Offset + Chip Offset provided to Node B3, the RL4 is received at:

T0 + α4 (t6) = T0 + 121 chips (121 = -135 + 256) before the UL DPCH frame timing at the UE.

In the figure below, the dashed lines indicate the position of the UL Tx Instant and the Rx window in the UE at t2, the plain lines indicate the positions at t6.


[image: image7]
Thus, the two Radio Links transmitted by the same Node B towards a given UE are not transmitted simultaneously.

The scenario above leads to the message flow described by the following figure:

In the following figure, it is considered that T Cell (Cell3) = 6 and T Cell (Cell 4) = 0, this is reflected in the difference between Chip Offset values.

Chip Offset3 = 1677 chips.

Thus, when the Node B performs the rounding, it reaches a 1792 chips value by adding 115 chips, and thus the RL3 will be received 115 chips later than the exact timing of T0.

Thus the SRNC would send DPCH Frame Offset3 = 7.

And Chip Offset4 = 121 chips

Thus, when the Node B performs the rounding, it reaches a 0 chips value by removing 121 chips, and thus the RL4 will be received 121 chips earlier than the exact timing of T0.

Thus the SRNC would send DPCH Frame Offset4 = 0.
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2.3 Third effect: Measurement Inaccuracy

The whole mechanism is based on the SFN-CFN Observed Time Difference measurement performed by the UE. According to [2] § 9.1.7, the value N is reported when:

N ( measured SFN-CFN Observed Time Difference < N+1.

Furthermore, the specified inaccuracy for the measurement is ± 1 chip.

So, for the same actual value of SFN-CFN Observed Time Difference, the UE could report either N or N + 1 chips while still respecting the specified requirements.

In this context, reporting an SFN-CFN Observed Time Difference of n * 256 +127 chips or n * 256 + 128 chips has a big impact as this will give different rounding results in the Node B, thus time instants of transmission of the Radio Link that are different by 256 chips.

3. Proposed Solution

It is considered that it would be very beneficial to be able to transmit simultaneously different Radio Links from a single Node B towards a given UE. A solution is proposed to reach that goal.

The proposed solution consists in allowing the Node B to perform a Radio Link Timing Adjustment at the time of the establishment of the Radio Link in Softer Handover. This would allow the Node B to transmit simultaneously all the Radio Links in a given Radio Link Set right from the start.

As the SRNC has to indicate the DPCH Frame Offset to the UE, the Node B should indicate to the SRNC, when this is the case, whether the transmission instant has been shifted by + or – 256 chips compared to the value that can be deduced from the Chip Offset.

=> This would necessitate the introduction of a new optional Initial DL DPCH Timing Adjustment IE (ENUMERATED (- 256 chips, + 256 chips)) in the Radio Link Information Response IE in the RADIO LINK SETUP/ADDITION RESPONSE/FAILURE RNSAP and NBAP messages.

Furthermore, as the SRNC has to adapt the DPCH Frame Offset value sent to the UE based on the feedback provided by the Node B, the SRNC should provide an indication to the Node B that it is capable of doing so.

=> This would necessitate the introduction of a new optional Initial DL DPCH Timing Adjustment Allowed IE (a flag) in the RADIO LINK SETUP/ADDITION REQUEST RNSAP and NBAP messages.

This solution would lead to the following changes to the message flow described in section 2.2:

In the following figure, it is considered that T Cell (Cell3) = 6 and T Cell (Cell 4) = 0, this is reflected in the difference between Chip Offset values.

Example of values: 

Chip Offset3 = 1677 chips.

Thus, when the Node B performs the rounding, it reaches a 1792 chips value by adding 115 chips, and thus the RL3 will be received 115 chips later than the exact timing of T0.

Thus the SRNC would send DPCH Frame Offset3 = 7.

And Chip Offset4 = 121 chips

Thus, when the Node B performs the rounding, it reaches a 0 chips value by removing 121 chips. Realising that this would lead to a non-synchronous transmission of the Radio Links RL3 and RL4 towards the UE (this is the case when (rounded (Frame Offset3 + Chip Offset3)) – (rounded (Frame Offset4 + Chip Offset4)) is different from T Cell(Cell 3) – T Cell(Cell4)) , the Node B performs an Initial Radio Link Timing Adjustment by adding 256 chips to the transmission timing deduced from the Frame Offset4, Chip Offset4 information. It sends back this information via the Initial DPCH Timing Adjustment IE set to the value (+256).

Thus the SRNC would send a New DPCH Frame Offset4 = 1.
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With this mechanism, the Node B is able to simultaneously transmit Radio Links towards a given UE in all the scenarios.

4. BENEFITS

The proposed solution allows to have simultaneous transmission at the Node B in all the cases. This brings several benefits:

· Decrease of the HW resources consumption in the specific cases identified in section 2.
· Simplifications: There is not anymore a need to foresee in the Node B the possibility not to transmit simultaneously the Radio Links towards a given UE. This allows to envisage some simplifications in the Node B software, thus enhancing Node B performances, as well as its architecture.

· Cost Reduction: Finally, and perhaps more importantly, the simplifications in terms of Node B architecture that can be envisaged will allow to reduce the cost of the Node B by e.g. allowing to reduce the number of components (e.g. one Tx chain is needed).
· Performance improvements: In all the scenarios described in § 2.1, one of the two Radio Links will eventually "move out" of the UE Receiving window defined by T0 ± 148 chips. By allowing the Node B to choose to transmit simultaneously those Radio Links, there are two possibilities:

· Either the Radio Link whose transmission has been adjusted at its establishment "moves out" of the UE Receiving window: in which case, the two Radio Links will "move out" of the UE Receiving window and this will have to be handled via a Synchronised Radio Link Reconfiguration to perform a DL DPCH Timing Adjustment, just as in Rel-5.

· Or the Radio Link whose transmission has been adjusted at its establishment does not "move out" of the UE Receiving window: in which case, the two Radio Links stay in the UE Receiving window and thus there is no need to adjust the timing of any Radio Link and a Synchronised Radio Link Reconfiguration has been avoided.

· Inner Loop Power Control performance improvements: Considering that 2 Radio Links in the same frequency in the same Node B Communication Context are in the same Radio Link Sets, if the 2 Radio Links (RL1 and RL2) are not transmitted simultaneously, then latency may be introduced in the Power Control Loop.

· For the DL Power Control: If the readjusted RL2 should be delayed in order to be transmitted simultaneously with RL1, then it means that the UE has to wait for 256 chips more (due to the addition of RL2) before determining the TPC to be sent. Of course, if RL2 is to be advanced in time, then no latency is introduced.
· For the UL Power Control: If the readjusted RL2 should be advanced in time in order to be transmitted simultaneously with RL1, then it means that the UE has to wait for 256 chips more (due to the addition of RL2) before completing the combination of the TPCs. Of course, if RL2 is to be delayed, then no latency is introduced.
5. Conclusion

It is proposed to introduce this enhancement in Release 6. Relevant CRs can be found in R3-050191 and R3-050192
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