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1 Introduction

The way of processing the DL TPC commands when the Algorithm 3 operates and not in soft handover were discussed in RAN1 #82. From the discussions the TSG RAN WG1 had on this topic, the following agreements were made [1]: 
“In SHO all RLs should be configured with the same TPC algorithm. 

· If all RLs support Algorithm 3 and Algorithm 3 is configured, the decimation factor for all RLs should be the same. 

· The case when not all RLs support Algorithm 3 is FFS”

This contribution is mainly intended to cover the open issue stated in the second bullet above, which was let for further investigations.

2 Algorithm 3 in Soft handover
As part of the selection process of the Algorithm 3, one of the advantages found in the so called “DTX of TPC commands” algorithm was the possibility of re-using the legacy SHO procedures followed by the Algorithm 1, since it results to be less complex than the SHO procedure followed by the Algorithm 2, which has to generate a matrix of Nx5 entries (in the standard N refers to the number of TPC commands from radio links of different radio link sets) before being able to produce a set of N “TPC_temp” commands, which are later on used as input of a multi-argument function which finally produces the desired TPC_cmd on the fifth slot [2]. 

Based on it, the procedures described below for the Algorithm 3 in SHO follow as a baseline the existing SHO procedures described for the Algorithm 1.
Given that the variable N is already used by the standard, from now on, let us use X as the variable for determining the value of the decimation factor (i.e., slot-cycle X = 3, or 5 slots.).

2.1 General Processing of DL TPC commands in SHO for the Algorithm 3

When a UE is in soft handover, multiple TPC commands may be received in each slot from different cells in the active set.
Both legacy algorithms 1 and 2 share a common first combination stage when the UE is in soft handover, to later on apply their own specific TPC command processing algorithms independently [2]. On this point, the same would have to be true for the Algorithm 3.
The set of statements associated to the stage one of the soft handover’s combination procedure are shown in the Table 1 below.

Table 1: Phase 1 of the soft handover’s combination procedure shared by the power algorithms used for processing TPC commands
	Algorithm 1 for processing TPC commands
	Algorithm 2 for processing TPC commands
	Algorithm 3 for processing TPC commands

	When a UE is in soft handover, multiple TPC commands may be received in each slot from different cells in the active set. 

Let’s define M as the maximum number of  radio links in the same radio link set:


[image: image1.wmf])

command_

 

TPC

 

received

(

1

r

Combine

M

r

i

TPC

=

=


Once the TPC commands from radio links of the same radio link set in the same TPC command combining period have been combined into one TPC command, they are processed and further combined with any other TPC commands.




For each slot the UE deals with N TPC commands from radio links of different radio link sets (i.e. TPCi, where i = 1, 2, …, N), where in some cases TPCi may have been the result of the first combination stage. 

Algorithm 1 is directly applicable over a single slot (or formally speaking TPC command combining period) in such a way that from the entries TPC1 to TPCN, the value of the TPC_cmd (either 1 or -1) can be derived. In case of the Algorithm 3, it needs to be added as part of the procedure that the UE shall process the received TPC commands only in one slot per slot-cycle (e.g., the first one), and that the non-processed slots within the slot-cycle (i.e., the one that were decimated) shall result in a TPC_cmd equal to 0 in order to avoid to change the power until the next update.
2.2 Processing of DL TPC commands when all RLs in SHO belong to cells configured with the Algorithm 3
This subsection is intended to exemplify how the TPC commands sent in downlink would be processed when all the radio links in SHO belong to cells configured with the Algorithm 3.
For the slot that is actually going to be processed by the Algorithm 3 (i.e., one out of three slots, or one out of five depending on the decimation factor), the legacy procedure that the Algorithm1 uses to derive the TPC_cmd can be re-used.

Table 2: Legacy procedure the Algorithm 1 follows to derive a TPC_cmd, which can be re-used by the Algorithm 3
	Algorithm 1 for processing TPC commands
	Algorithm 3 for processing TPC commands

	First, the UE shall for each TPC command combining period (note that in case of the Algorithm 3 there is only one TPC command combining period every 3 or 5 slots depending on the decimation factor) conduct a soft symbol decision Wi on each of the power control commands TPCi, where i = 1, 2, …, N, where N is greater than 1 and is the number of TPC commands from radio links of different radio link sets, that may be the result of a first phase of combination according to subclause 5.1.2.2.2.2. 

Finally, the UE derives a combined TPC command, TPC_cmd, as a function  γ of all the N soft symbol decisions Wi:

· TPC_cmd = γ (W1,W2, … WN), where TPC_cmd can take the values 1 or -1                                       (1)

The function γ shall fulfil the following criteria:

If the N TPCi, commands are random and uncorrelated, with equal probability of being transmitted as “0” or “1”, the probability that the output of  γ is equal to1shall be greater than or equal to 1/(2N), and the probability that the output of γ is equal to -1 shall be greater than or equal to 0.5. Further, the output of γ shall equal 1 if the TPC commands from all the radio link sets, that not ignored according to subclause 5.1.2.21 or 5.1.2.3 are reliably “1”, and the output of  γ shall equal -1 if a TPC command from any of the radio link sets, that are not ignored according to subclause 5.1.2.2.1 or 5.1.2.3 is reliably “0”.




Assuming:

N = 3 radio links.
Slot-cycle = 3 slots.
The TPC command is received in the first slot within the slot-cycle.

Radio Link 3: Cell3 supports Alg3.
Radio Link 2: Cell2 supports Alg3.
Radio Link 1: Cell1 supports Alg3.
At the UTRAN side: Each of the Cells involved in the SHO process are assumed to be configured in the same manner with the Algorithm 3, therefore each of them transmit the downlink TPC commands by using the same decimation factor.

At the UE side: The UTRAN configures the UE to use the Algorithm 3 for processing the TPC commands received in downlink by using the same decimation factor used by the Cells involved in SHO. Therefore in this example, the UE processes only the TPC commands received in Slot 0, ignoring whatever is received in the subsequent slots completing an slot-cycle (i.e., The UE reacts to the TPC commands sent in downlink only once per slot-cycle).

Table 3: Example of the received DL TPC commands when all RLs in SHO belong to cells configured with the Algorithm 3
	Radio Link 3
	0
	-
	-

	Radio Link 2
	1
	-
	-

	Radio Link 1
	1
	-
	-

	
	Slot 0
	Slot 1
	Slot 2


In order to derive the TPC_cmd for the Slot 0, the legacy function used by the Algorithm 1 is applied TPC_cmd = γ (1, 1, 0), producing as outcome “-1”. This because the legacy procedure says that “the output of  γ shall equal -1 if a TPC command from any of the radio link sets, that are not ignored according to subclause 5.1.2.2.1 or 5.1.2.3 is reliably “0””.
The main advantage of re-using the legacy function γ (in this case the one applied by the Algorithm 1) for deriving the ultimate TPC_cmd is that the standard procedure prioritizes a decrease in power (i.e., TPC_cmd = -1) if any of the cells has a clear need of reducing the amount of interference that it perceives, while the power is increased only if all the radio links converge in the decision of increasing the power.
2.3 Processing of DL TPC commands when not all RLs in SHO belong to cells configured with the Algorithm 3 (at least one cell does not support the Alg3)
This subsection addresses the case in which at least one of the radio links involved in SHO belongs to a cell that doesn’t support the Rel-13 Algorithm 3.

On this matter, the RNC gathers knowledge (e.g., through previous capability reporting from Node B or on-the-fly via the RADIO LINK SETUP REQUEST message) on what power control algorithm is supported by the cells to be involved in SHO. In case that any of the cells to be involved in SHO wouldn’t support the Algorithm 3, then the UE and the Cells would have to be re-configured with one of the legacy algorithms (e.g., Algorithm 1). The above is common practice (within the area of expertise of the TSG RAN WG2/3), and is the way is done with other features in the same situation.
3 Conclusions 

One of the advantages found during the selection process of the Algorithm 3, was that the “DTX of TPC commands” algorithm can re-use the legacy procedures applied by the Algorithm 1 in order to determine if the UE has to increase or decrease the power from the TPC commands received in downlink, procedure that in general results to be less complex and costly compared to the one followed by the Algorithm 2.

This contribution describes how the Algorithm 3 can re-use the Algorithm’s 1 legacy procedures to derive the value of TPC command when the UE is in soft handover.

When in SHO all the radio links belong to cells that support and share the same configuration of the Algorithm 3, the following points can be highlighted:
· Both legacy algorithms 1 and 2 share a common first combination stage when the UE is in soft handover, to later on apply their own specific TPC command processing algorithms independently. Therefore, the same would have to be true for the Algorithm 3.
· Algorithm 1 is directly applicable over a single slot in such a way that from the entries TPC1 to TPCN, the value of the TPC_cmd (either 1 or -1) can be derived. In case of the Algorithm 3, it needs to be added as part of the procedure that the UE shall process the received TPC commands only in one slot per slot-cycle (e.g., the first one), and that the non-processed slots within the slot-cycle (i.e., the one that were decimated) shall result in a TPC_cmd equal to 0 in order to avoid to change the power until the next update. The rest of the procedure can be followed exactly as it has been specified for the existing Algorithm 1.
When in SHO at least one of the radio links involved in process belongs to a cell that doesn’t support the Rel-13 Algorithm 3, the issue can be solved in the same way is done today for other features in the same situation.
· In case that any of the cells to be involved in SHO wouldn’t support the Algorithm 3, then the UE and the Cells to be involved in SHO would have to be re-configured with one of the legacy algorithms (e.g., Algorithm 1).
For the processing the TPC commands transmitted in DL when the Algorithm 3 operates in handover it is proposed:
Proposal 1: Use as baseline the procedure the Algorithm 1 applies in SHO for processing the TPC commands received in downlink

Proposal 2: When in SHO at least one of the radio links involved in process belongs to a cell that doesn’t support the Rel-13 Algorithm 3, the UE and the Cells to be involved in SHO would have to be re-configured with one of the legacy algorithms supported by all radio links.
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