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1 Introduction

As part of the 3GPP Release 13, a study on downlink enhancements for UMTS was performed [1]. Within the area of expertise of the TSG RAN WG1, the study item description (SID) included the possibility of introducing a new algorithm for processing DL TPC commands.
From the investigations performed during the study item phase, two candidate algorithms for processing DL TPC commands were derived [2]. This contribution is intended to recap, compare, and provide further considerations on the proposed algorithms towards the final selection of the algorithm that will be potentially standardized in Rel-13.
2 Rel-13 candidate algorithms for processing TPC commands 
2.1 Repetition of TPC commands

According to the TR 25.706 v2.0.0 on Downlink Enhancements for UMTS:

“In order to achieve soft combining gains, the solution of reduced TPC frequency with repetition of TPC commands is proposed so that the TPC command is repeated in N consecutive slots. UE can soft combine those N consecutive TPC commands and get the soft combining gain.”
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Figure 1: Repetition of TPC commands [2].
2.1.1 No Soft handover case 

When a UE is not in soft handover, only one TPC command will be received in each slot. 
By using the description in the Technical Report of the algorithm named “Repetition of TPC commands” [2], and following the existing procedures in the standard, the following set of statements describing how the value of the TPC_cmd could be derived when the algorithm “Repetition of TPC commands” is in use, are derived:
· The variable N is already used in the standard as the number of TPC commands from radio links of different radio link sets. So, let us use X as the variable for determining the slot cycle. For example, X = 1, 3, or 5 slots.

· The UE is supposed to process received TPC commands on a X-slot cycle.

Let S ( {0, 1, ... X-1} define the slot number within a set of X slots. Based on the description of the algorithm “Repetition of TPC commands” and the standard procedures, the value of TPC_cmd could be derived as follows:
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2.2 DTX of TPC commands

According to the TR 25.706 v2.0.0 on Downlink Enhancements for UMTS:

“The solution of reduced TPC frequency with DTX of TPC commands is proposed so that the TPC command is only transmitted at the first slot in every N consecutive slots, and the other TPC commands are DTXed in the remaining N-1 slots. UE can respond to the first TPC command. The solution is illustrated in Figure 2, with N = 5 as an example”.
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Figure 2: DTX of TPC Commands [2].
2.2.1 No Soft handover case 

When a UE is not in soft handover, only one TPC command will be received in each slot. 

By using the description in the Technical Report of the algorithm named “DTX of TPC commands” [2], and following the existing procedures in the standard, below can be found a set of statements that describe how the value of the TPC_cmd could be derived when the algorithm “DTX of TPC commands” is in use.
· The variable N is already used in the standard as the number of TPC commands from radio links of different radio link sets. So, let us use X as the variable for determining the slot cycle. For example, X = 1, 3, or 5.

· The UE is supposed to process received TPC commands on a X-slot cycle.

Let S ( {0, 1, ... X-1} define the slot number   in a set of X slots, and Y as the slot in which the TPC command is transmitted (Y = 0 corresponds to the first slot in the group, and Y = X-1 to the last slot in the group). Based on the description of the algorithm “DTX of TPC commands” and the standard procedures, the value of TPC_cmd could be derived as follows:
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2.3 Rel-13 candidate algorithms in Soft handover case
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 [3].

The set of statements associated to the stage one of the soft handover’s combination procedure are shown below.

	Algorithm 1 for processing TPC commands
	Algorithm 2 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:
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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). So from the entries TPC1 to TPCN, the value of the TPC_CMD (either 1 or -1) is derived.

On the other hand, in algorithm 2 the UE shall process received TPC commands on a 5-slot cycle (i.e., a hard coded value) basis. Then, from a set of Nx5 entries, the algorithm derives a set of N temporal values across the 5 slots which go from TPC_temp1 to TPC_tempN.

Later on, from the entries TPC_temp1 to TPC_tempN, the value of the TPC_CMD (either 1, -1 or 0) for the algorithm 2 is derived.
In the case of the Rel-13 candidate proposals, both of them require the UE to processes received TPC commands on a configurable slot cycle (i.e., X-slot cycle, where for example X = 1, 3, or 5). So, in order to follow the legacy procedures, both proposals “Repetition of TPC commands” and “DTX of TPC commands” could follow the same procedure used by the algorithm 2 up to obtaining a set of NxX entries, to finally derive in the next step the value of TPC_CMD according to each algorithm.
Observation 1:  It needs to be clarified the procedure to derive in soft handover and no soft handover operation, the value of the “TPC_cmd” for each of the slots processed by the proposed algorithms. 
2.4 Rel-13 candidate algorithms and CPC
As part of the conclusions on the Rel-13 candidate algorithms for processing TPC commands which can be found in the TR 25.706 v2.0.0 on Downlink Enhancements for UMTS [2], it is mentioned:

“Characteristics of typical scenarios considered for these algorithms are the ones in which there is a large number of users (e.g., greater than 50) that are held in the CELL_DCH RRC state, and for whom Release 7 CPC is not applied”.

Since the performance of the Rel-13 candidate algorithms has not been evaluated in a CPC scenario, does the above sentence extracted from the TR means that neither the “Repetition of TPC commands” nor the “DTX of TPC commands” algorithms are usable when CPC is enabled? Or is there any proposal in this area? If neither of the Rel-13 candidate algorithms can be used when CPC is enabled, then the Algorithm 1 will remain as the only one compatible with CPC, since the standard says that the Algorithm 2 can be used for processing TPC commands “unless UE_DTX_DRX_Enabled is TRUE, in which case Algorithm 1 shall be used for processing TPC commands”.

Observation 2: It needs to be clarified whether the Rel-13 candidate algorithms for processing TPC commands will be compatible with CPC or not.

2.5 Rel-13 candidate algorithms in Compressed Mode
In compressed mode, one or more transmission gap pattern sequences are active. Therefore some frames are compressed and contain transmission gaps.  The cells in the active set should estimate signal-to-interference ratio SIRest of the received uplink DPCH. 

The cells in the active set should then generate TPC commands and transmit the commands once per slot, except during downlink transmission gaps, according to the following rule: if SIRest > SIRcm_target then the TPC command to transmit is "0", while if SIRest < SIRcm_target then the TPC command to transmit is "1", where the SIRcm_target is the target SIR during compressed mode.

2.5.1 Repetition of TPC commands

The way of operating in compressed mode for the Rel-13 candidate algorithm named “Repetition of TPC commands” was described in the TR 25.706 v2.0.0 on Downlink Enhancements for UMTS as follows:

“For the reduced TPC frequency with repetition of TPC commands solution, in the compressed mode operation, the N consecutive slots may be DTXed partly or completely, for example M slots (M<N) are DTXed”

“As a result, UE would soft combine the N-M TPC commands, with lower soft combining gain than no DTXed slots in N consecutive slots leading to worse received performance under a certain TPC Tx power.” 

“To ensure the TPC received quality in the compressed mode despite of DTXed slots, Node B should increase the TPC Tx power in the case of M DTXed slots in N consecutive slots to N/(N-M) times as the case of no DTXed slots in N consecutive slots, where M would be different in different period of N consecutive slots depending on the transmission gap pattern.”

“In case F-DPCH is transmitted, DL quality for DL power control could be measured based on TPC quality slot by slot without soft combining. If DL quality for DL power control is measured based on TPC quality slot by slot, and DL SIR_target is not changed accordingly, the TPC Tx power in the case of M DTXed slots in N consecutive slots will be reduced back by DL power control once Node B increases the TPC Tx power. Based on the above analysis, the DL SIR_target in the case of M DTXed slots in N consecutive slots should also be increased by 10*log10(N/(N-M) ) dB as compared to the case of no DTXed slots in N consecutive slots.”
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Figure 3: Reduced TPC frequency with repetition of TPC Commands solution, where N=5 [2].

According to the above description captured in the Technical Report, in compressed mode operation the algorithm “Repetition of TPC commands” will transmit each of the non-DTXed TPC commands with transmit power equal to N/(N-M), where N is the number of consecutive slots over which the algorithm is applied, and M the number of DTXed slots. Moreover, when such power adjustment on the TPC commands is performed, it is mentioned that the DL SIR_target should be adjusted accordingly (i.e., temporarily) in order to avoid that the original DL SIR_target indicates that the DL power should be reduced, breaking this way the power adjustment made for compensating the transmission gap. It is also worth mentioning that for DPCH, the 3GPP specifications already establish that in compressed mode the instantaneous transmit power is increased in the compressed frame as a function of the transmission time reduction method [3]. 

Observation 3: It needs to be clarified if in the algorithm described as “Repetition of TPC commands”, the intention is to adjust the power only for F-DPCH in compressed mode. RAN4 may need to be involved in order to introduce a new requirement for CM.
2.5.2 DTX of TPC commands

The Technical report does not include any description about the compress mode operation for the algorithm “DTX of TPC commands”. In this matter, the 3GPP specifications establish that “Due to the transmission gaps in compressed frames, there may be missing TPC commands in the downlink. If no downlink TPC command is transmitted, the corresponding TPC_cmd derived by the UE shall be set to zero”. The only problem is that depending on how often a TPC command is transmitted (For example one out of three, one out of five), several transmitted TPC commands may be missed in a row. 

Since in the “DTX of TPC commands” algorithm only one TPC command out of N is transmitted, the interruption of power control might get extended up to N-1 slots on each side of the gap. Exactly how long this additional interruption is, depends on the slot cycle and the configuration of the position and length of the transmission gap. This additional power control interruption might lead to a negative impact on the performance of the algorithm, since the power control operation will be stopped for a longer amount of time than the configured TGL. Nonetheless, the “DTX of TPC commands” algorithm could consider transmitting one TPC command just before and/or right after the TGL in order to reduce the amount of time in which the UE lacks power control.
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Figure 4: Compressed mode operation for the Rel-13 candidate algorithm “DTX of TPC commands” using a 5-slot cycle, a) “DTX of TPC commands” as described in the TR, and b) “DTX of TPC commands” shortening the TGL.

As described before, the indirect extension of the TGL introduced by “DTX of TPC commands” algorithm could be dissolved by transmitting independently of the configured slot-cycle (5-slot cycle in the example shown in Figure 4) additional TPC commands on the slots Nfirst-1 and Nlast+1 of the compressed frame. So, transmitting up to two additional TPC commands per transmission gap would allow a better UE power control in compressed mode, while the benefits brought by the “DTX of TPC commands” algorithm are preserved.

Yet another possibility to reduce the additional lack of power control that may arise when the “DTX of TPC commands” algorithm is used in compressed mode, could simply consist in always perform a fall back to the legacy 1500 Hz power control algorithm for processing TPC commands during the time spend with compressed mode configured.

Proposal 1:  For the algorithm described as “DTX of TPC commands”, consider transmitting one TPC command just before and right after the Transmission Gap Length (TGL) in order to reduce the amount of time in which the UE lacks power control in compressed mode.

2.6 Scope of the Rel-13 algorithm

During the study item phase, the terminology, evaluations and examples used to illustrate the behavior of the Rel-13 algorithms allude to the use of the F-DPCH for transmitting the downlink TPC commands [2]. Does that mean that the potentially new Rel-13 algorithm for processing DL TPC commands only targets the F-DPCH? or is the DPCH also being considered to be standardized?
Observation 4:  The scope of the Rel-13 algorithm needs to be clarified. Does the new Rel-13 algorithm for processing DL TPC commands only targets F-DPCH? Or is DPCH also considered to be standardized?
3 Conclusions 

This contribution summarizes the two Release 13 candidate algorithms for processing DL TPC commands, and provides an insight on essential L1 aspects, legacy compatibility, and operation modes that need to be taken into consideration towards the standardization of one of the algorithms.
Upon the presentation of this contribution it is kindly requested to provide an answer to each of the observations listed below:
Observation 1:  It needs to be clarified the procedure to derive in soft handover and no soft handover operation, the value of the “TPC_cmd” for each of the slots processed by the proposed algorithms. 
Observation 2:  It needs to be clarified whether the Rel-13 candidate algorithms for processing TPC commands will be compatible with CPC or not.

Observation 3:  It needs to be clarified if in the algorithm described as “Repetition of TPC commands”, the intention is to adjust the power only for F-DPCH in compressed mode. RAN4 may need to be involved in order to introduce a new requirement for CM.
Observation 4:  The scope of the Rel-13 algorithm needs to be clarified. Does the new Rel-13 algorithm for processing DL TPC commands only targets F-DPCH? Or is DPCH also considered to be standardized?

For the operation in compressed mode of the “DTX of TPC commands” algorithm it is proposed:
Proposal 1:  For the algorithm described as “DTX of TPC commands”, consider transmitting one TPC command just before and right after the Transmission Gap Length (TGL) in order to reduce the amount of time in which the UE lacks power control in compressed mode.
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