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1 Introduction

In RAN1 #82, as part of the selection process of the Algorithm 3  it was identified the need of defining the behaviour for generating the TPC commands to be transmitted in UL (i.e., UL TPC commands) when the “DTX of TPC commands” algorithm is in use [1-2].
This contribution is intended to investigate which could be the most feasible way of generating UL TPC commands in such a way that the closed loop power control operation be able to perform a power adjustment at the NodeB based only on the single SIR estimate it has available per slot-cycle.

2 Algorithm 3 and the generation of UL TPC commands
When the “DTX of TPC commands” algorithm is utilized there is an impact on the generation of the TPC commands sent by UE for controlling the Node B’s transmit power because from a set of N slots composing a slot cycle, in N-1 slots the UE won’t have information (i.e., a SIR estimate) to derive TPC commands. Therefore it is very important to clarify the generation of TPC commands used for controlling the network’s transmit power. Figure 1 illustrates this issue by using one example of the closed loop power control operation.
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Figure 1: Example of the closed loop power control operation when the Algorithm 3 uses a decimation factor equal to 5 slots, a) generation of DL TPC commands, b) generation of UL TPC commands.

The upper part of Figure 1 shows how the TPC commands sent in the downlink direction determine the UE’s transmit power, while the bottom of the same figure shows that the decimation introduced by the Algorithm 3 results in only one SIR estimate per slot-cycle. Hence, the UE and UTRAN behaviour in N-1 slots where there are no SIR estimations available needs to be determined.
In RAN1 #82, it was mentioned that the legacy functionality DPC_MODE could be re-used to address this issue, and because of that it was let for further investigations. Additionally, it was discussed the possibility of toggling the UL TPC commands during the downlink decimation process, as well as having the possibility of performing a compensation via the step-size. 
The three possibilities discussed during RAN1 #82 are analysed below aiming at determining the most feasible way of defining the UE and UTRAN behaviour when the UL TPC commands are generated during the DL decimation process:
· DPC_MODE: As part of the downlink power control [3], the standard defines the UE and UTRAN behaviour for the ordinary transmit power control in relation with the generation of UL TPC commands.
· UE behaviour: The UE shall check the downlink power control mode (DPC_MODE) before generating the TPC command:
· If DPC_MODE = 0 : the UE sends a unique TPC command in each slot and the TPC command generated is transmitted in the first available TPC field in the uplink DPCCH/DPCCH2. In case uplink DPCCH slot format #4 is used then UE may delay transmitting generated TPC command to the next available TPC field.
· If DPC_MODE = 1 : the UE repeats the same TPC command over 3 slots and the new TPC command is transmitted such that there is a new command at the beginning of the frame, unless UE_DTX_DRX_Enabled is TRUE, in which case the UE shall behave as for DPC_MODE=0. If DPC_MODE=1 when uplink DPCCH slot format #4 is configured, the UE behaviour is undefined.
· UTRAN behaviour:

· For DPC_MODE = 0, and for DPC_MODE = 1 if UE_DTX_DRX_Enabled is TRUE, UTRAN shall estimate the transmitted TPC command TPCest to be 0 or 1, and shall update the power every transmitted slot. If DPC_MODE = 1 and UE_DTX_DRX_Enabled is FALSE, UTRAN shall estimate the transmitted TPC command TPCest over three slots to be 0 or 1, and shall update the power every three slots.
In RAN1 #82, the DPC_MODE proposal was concretely focused on the DPC_MODE equal to 1 [4], since it seems to fit better the Algorithm 3 procedures. The DPC_MODE functionality (i.e., when equal to 1) only covers the case when the decimation factor of the Algorithm 3 is equal to three slots, therefore its scope would have to extended in order to address the case when the decimation factor is equal to five slots. Excluding the CPC case (still under discussion), if the DPC_MODE functionality is adopted by the Algorithm 3, then the UL TPC command that was actually derived from a SIR estimate would be repeated N-1 times, and in that case the UTRAN behaviour would have to be defined as a mandatory complement of the UE behaviour in order to update the power at the NodeB only once every N slots (i.e., omitting the N-1 repeated UL TPC commands) aiming at avoiding a potential instability or out-of-sync. For example, if in the Algorithm 3, only the UE behavior is specified without defining the UTRAN behaviour, then a legacy NodeB would perform a power adjustment per slot, reacting equally to the UL TPC commands that are just a repetition of the actual power update, which may lead to either a power rush if several “UP” commands are applied in row, or to an out-of-sync issue if the power is over-decreased if several “DOWN” commands are applied in a row.
· Step size compensation: The “TPC-StepSize” was mentioned as another possibility to compensate for the “dummy” TPC commands generated during the decimated control channel transmission in the downlink direction. In the Algorithm 3, the decimated factors can be either three or five slots, which leads to the generation of two or four dummy UL TPC commands respectively. Assuming the UL TPC command derived from the actual SIR estimation available is repeated two or four times depending on the selected decimation factor, the network may consider to increase/decrease it’s transmit power by applying a scaled version of the legacy TPC step size during N slots. For example, when the decimation factor is equal to 5 slots, the increment in power could be 0.2 dB per slot leading to a total power adjustment equal to 1dB at the end of the slot-cycle. With this solution the UTRAN behaviour can be kept as it is now, but RAN4 would have to be involved for adding test cases to address the new required granularity of the TPC step size on each of the slots within a slot-cycle.
· Toggling of UL TPC commands: Generating a fixed toggling pattern on the UL TPC commands while the decimation occurs on the downlink control channel was mentioned as another possibility to deal with the generation of UL TPC commands when the Algorithm 3 is in use. Since the decimation factors (i.e., three and five slots) used by the Algorithm 3 always lead to have an even number of decimated slots (i.e., two and four slots) it is possible to cancel by means of applying a toggling technique the UL TPC commands that were not derived from an actual SIR estimation. Figure 2 shows an example on how the UL TPC commands can be toggled when there are no SIR estimations available on the downlink control channel.
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Figure 2: Example of generating a fixed toggling pattern on the UL TPC commands while the decimation occurs on the DL control channel when the Algorithm 3 is in use (Decimation Factor = 5 slots)
Figure 2 shows that if a fixed toggling pattern is applied on the slots corresponding to the decimated downlink transmission, then it is possible to perform a single transmit power adjustment at the NodeB based on the UL TPC command that was actually derived from the unique SIR estimation available per slot-cycle. On the complementary definition of the UTRAN behaviour two possibilities exist:

· No UTRAN behaviour specified: Because of “Toggling”, the dummy UL TPC commands would cancel each other even if the Node B listen to them
· UTRAN behaviour specified: In order to incorporate additional robustness to “Toggling” solution, the Node B behavior can be defined to adjust the power only once every N slots (i.e., omitting the N-1 “toggled” UL TPC commands).
Using a fixed toggling pattern of the UL TPC commands (i.e., while the decimation occurs in downlink) seems to be the easiest way to solve the issue of generating UL TPC commands for the Algorithm 3, since this solution doesn’t require adding extra “TPC-StepSize” values, neither to have as strictly mandatory the defintion of the UTRAN behaviour, while as an additional advantage the deterministic toggling pattern could be used to enhance the channel estimation.
3 Conclusions 

This contribution addresses the potential ways of generating uplink TPC commands when there is only one SIR estimate available per slot-cycle at the UE side. In RAN1 #82, several alternatives to deal with this issue were discussed, which were studied in this paper and are briefly summarized and compared in the Table below:
Table1: Comparative analysis on the proposals addressing the generation of UL TPC commands for the Algorithm 3.
	Proposal
	Requirements
	Complexity

	DPC_MODE = 1
	· UE behaviour

· Revise the DPC_MODE1 adding the case when the decimation factor is equal to 5.
· UTRAN behaviour (mandatory) 

· React to the UL TPC command only once per slot-cycle.
	Low

	Step size compensation
	· UE behaviour

· The UL TPC command derived from the actual SIR estimation would have to be kept (i.e., repeated) until the next slot-cycle.
· “TPC-StepSize” would have to be scaled down as function of the decimation factor.
· New RAN4 tests would need to be added in order to address the new “TPC-StepSize” granularities.
· UTRAN behaviour (not required) 

· The Node B can receive the UL TPC commands per slot as today.
	High

	Toggling of UL TPC commands
	· UE behaviour

· Specify the UP TPC command toggling pattern.

· UTRAN behaviour (not mandatory) 

· The Node B can receive the UL TPC commands per slot as today.

or
· The Node B can react to the UL TPC command only once per slot-cycle.
	Low


Based on the analysis performed through this paper, it can be concluded that the “Step size compensation” proposal introduces a significant amount of complexity to the Algorithm 3 (e.g., New TPC Step size and RAN4 Tests). On the other hand, the “DPC_MODE = 1” and the “Toggling of UL TPC commands” proposals seem to have a similar level of complexity which can be perceived as low. Nonetheless, the toggling solution would be preferred over the repetition of UL TPC commands derived from “DPC_MODE = 1” because the toggling pattern avoids either, a potential power rush if several “UP” commands are applied in row, or a potential out-of-sync if the power is over-decreased if several “DOWN” commands are applied in a row, which may occur if the UTRAN behaviour is not specified for the Algorithm 3. On this matter, the toggling solution results to be more robust because even if the UTRAN behavior is not specified for the Algorithm 3, the legacy NodeB(s) still would be able to receive UL TPC commands per slot without leading to power rushes or out-of-sync issues since the “dummy” UL TPC commands would be always nullified by the toggling operation before reaching a new slot cycle. Moreover, the toggling solution doesn’t require adding extra “TPC-StepSize” values, and in addition, since the toggling operation is deterministic, it should be also possible to enhance the channel estimation.
So, for the generation of the uplink TPC commands derived from the “DTX of TPC commands” algorithm it is proposed:
Proposal 1: Apply a “toggling” pattern on UL TPC commands corresponding to the slots where there are no SIR estimates available due to the downlink control channel decimation pattern introduced by the Algorithm 3.
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