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1 Introduction

In RAN1 #82 the “DTX of TPC commands” algorithm was selected by the TSG RAN WG1 as the Rel-13 power control Algorithm 3, opening initial discussions on procedures and/or compatibility issues that until that moment were unclear or required further investigations.
This contribution is intended to address two open issues: 1.- The slot position within a slot-cycle over which the TPC command should be transmitted in DL, and 2.- The compatibility of the Algorithm 3 with CPC, which are issues that according to the Chairman notes of RAN1 #82 were let for further investigations [1].

· When (re-)configured, the UE is configured to receive the TPC command in a specified slot within a slot cycle. This specified slot should be

Option 1 – always the first slot 

Option 2 - either the first or in the last slot

Option 3 – any slot

· Study of feasibility of using Algorithm 3 with CPC (stability, power saving, etc.)

The paper provides a view on the issues mentioned above based on an analysis that relies on legacy procedures and available configurations.
2 Algorithm 3 and CPC
In RAN1 #82 it was highlighted the need of clarifying whether the Rel-13 algorithm for processing downlink TPC commands is intended to be compatible with CPC or not [2]. 
In response, some members of the TSG RAN WG1 showed some interest in having the Algorithm 3 to be compatible with CPC, therefore this section addresses the feasibility of having the CPC feature operating together with the Algorithm 3.

On this matter there are at least two basic questions that need to be addressed, the first one is related with “how much power can be saved with the Algorithm 3 compared to what can already be saved with CPC alone” and the second one, “if the Algorithm 3 is used together with CPC, do we foresee a problem when the gaps in the UL DPCCH break the slot-cycle pattern of the Algorithm 3 if the UL and DL gaps are misaligned”.
The first question (not addressed in this paper) can be preferable answered by means of simulations, or if that were not possible, at least by performing a detailed analytical evaluation targeting the use case scenario, as well as the potential configuration of both CPC and the Algorithm 3 (e.g., in a similar way it was done in [3] for the compatibility of the Algorithm 3 with Compressed Mode).
On the other hand, the second question on the potential gap misalignment issue is addressed in this contribution based on the available CPC configuration, and the DL control channel decimation factors (3-slot-cycle and 5-slot-cycle) introduced by the Algorithm 3.
The discontinuous transmission (DTX) reduces the uplink interference by letting the DPCCH to be periodically transmitted according to an activity pattern given by the UE DTX cycle, while as a side benefit it allows the UE to save battery by not having to transmit the above mentioned uplink control channel in a continuous way.

For better adapting to the traffic conditions, the DPCCH gating also offers the possibility of switching between two different cycles, the UE DTX cycle 1 intended to deal with short inactivity periods, and the UE DTX cycle 2 aimed at treating with the longer ones. Table 1 summarizes the DTX parameters, which come into play for providing the SIR estimates used for generating the TPC command to be transmitted in DL.

	Parameter
	Configurable Values

	UE DTX cycle 1
	{1, 5, 10, 20} subframes for TTI 10ms

	UE DTX cycle 2
	{5, 10, 20, 40, 160} subframes for TTI 10ms

	UE DTX cycle 1
	{1, 4, 5, 8, 10, 16, 20} subframes for TTI 2ms

	UE DTX cycle 2
	{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160} subframes for TTI 2ms

	UE DPCCH burst_1/ UE DPCCH burst_2
	{1, 2, 5} subframes 


Table 1. Summary of the legacy DTX parameters [4]
Since the network is in control of both the CPC configuration parameters (e.g., UL DTX patterns and DPCCH burst) and the decimation patterns used by the Algorithm 3, then there exists a possibility for making it compatible with CPC. Nonetheless, the misalignment between the UL DPCCH and DL decimation pattern is unavoidable since the minimum UL DPCCH burst is 1 subframe (3 slots), which even with a proper configuration of the UE DTX cycle still would lead to have three slots transmitted in UL per each TPC command sent in DL as depicted in Figure 1. 
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Figure 2: Compatibility of the Algorithm 3 with CPC: a) Decimation Factor equal to 5 slots, UE DPCCH burst equal to 1 subframe, and UE DTX cycle 1 equal to 5 subframes, b) Decimation Factor equal to 3 slots, UE DPCCH burst equal to 1 subframe, and UE DTX cycle 1 equal to 4 subframes.

The figure above shows that the alignment is not perfect, however trying to find a suitable CPC configuration that at some extent be able to match the decimated pattern transmitted in DL is something that can potentially be done in order to make these two features compatible. Moreover, the extra slots in the UL DPCCH burst perhaps can be seen as playing the role of a pre-amble and post-amble respectively.
Since the UL/DL DPCH misaligned issue can at some extent be alleviated through a proper CPC configuration, the CPC feature could be made available for the Algorithm 3 by letting the network to deal with the proper configuration of both, the decimation factor of the Algorithm 3 and the CPC parameters.

 On the other hand, if in the end it is decided that the Algorithm 3 cannot 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 1: It needs to be clarified and motivated if the Rel-13 Algorithm 3 for processing TPC commands transmitted in DL will be compatible with CPC or not.
3 Slot position within a slot-cycle used for mapping the TPC command to be transmitted in DL
During the Study Item phase [5], the operation of the Algorithm 3 was always exemplified by mapping the TPC command to be transmitted in DL to first slot within a slot-cycle. In relation to it, during the session held in RAN1 #82 it was questioned if the Algorithm 3 could use as well (i.e., in a deterministic manner) the last slot within a slot-cycle in order to transmit the DL TPC symbol. 
On the other hand, since one of the advantages of the Algorithm 3 is the ability of multiplexing other UEs in the same TPC symbol while the decimation occurs, during RAN1 #82 it was mentioned that in order to address this advantage of the Algorithm 3, perhaps the DL TPC symbol could be mapped to any slot within the slot-cycle. However, on this point it is important to mention that the standard already today allows (i.e., by assigning suitable combinations of F-DPCH frame timings and slot formats) multiplexing UEs in the same F-DPCH TPC symbol position on the same F-DPCH channelization code. Therefore it is not really needed to add new signaling for the same purpose (i.e., add signaling to dynamically indicate the UE the slot # within the slot-cycle where the TPC command is supposed to be received).
Moreover, the analysis made on compressed mode and CPC highlights the importance of using a deterministic pattern, while some parts of the specs emphasize on the importance of having a new TPC update at the beginning of every radio frame (e.g., “the new TPC command is transmitted such that there is a new command at the beginning of the frame” [6]), which is fulfilled for both decimation factors (i.e., 3 slots and 5 slots) used by the Algorithm 3 if the DL TPC command is always transmitted in the first slot within a slot-cycle as shown in Figure 2.
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Figure 2: Deterministic pattern transmitting the DL TPC command hardcoded in the first slot within the slot-cycle: a) Decimation Factor equal to 5 slots, b) Decimation Factor equal to 3 slots.

Since the proposal of having a dynamic slot position for mapping the TPC symbol to be transmitted in downlink could potentially bring extra complications to the CPC case, and most importantly will require new signaling for pursuing a goal (multiplexing UE in the same TPC symbol) that can already today be achieved with the legacy specifications, then it is proposed to define in a hardcoded way that the first slot within the slot-cycle will be the position used for transmitting the TPC commands in DL.
Proposal 1: Mapping the TPC command to be transmitted in downlink always to the first slot within the slot-cycle, since multiplexing UEs in the same F-DPCH TPC symbol position on the same F-DPCH channelization code is something that can be achieved already today with the existing specifications.
4 Conclusions 

This contribution provides a view on the compatibility of the Algorithm 3 with CPC, and which slot position within a slot-cycle should be used for transmitting the TPC command in downlink.
On the compatibility of the Algorithm 3 with CPC it was found:

· , The misalignment between the UL DPCCH and DL decimation pattern is unavoidable since the minimum UL DPCCH burst is 1 subframe (3 slots), which even with a proper configuration of the UE DTX cycle still would lead to have three slots transmitted in UL per each TPC command sent in DL.
·    Even when a perfect alignment is not possible, a suitable CPC configuration could at some extent be able to match the decimated pattern transmitted in DL aiming at making these two features compatible, being the extra slots in the UL DPCCH burst perhaps be seen as playing the role of a pre-amble and post-amble respectively
·    The CPC feature could be made available for the Algorithm 3 by letting the network to deal with the proper configuration of both, the decimation factor of the Algorithm 3 and the CPC parameters.
·    If in the end it is decided that the Algorithm 3 cannot be used when CPC is enabled, then the Algorithm 1 will remain as the only one compatible with CPC.
On the open issue about which slot position within a slot-cycle should be used for mapping the TPC command to be transmitted in downlink, the following are points that can be highlighted:
·   On the ability of the Algorithm 3 of multiplexing UEs in same TPC symbol during decimation, it is important to mention that the standard already today allows (i.e., by assigning suitable combinations of F-DPCH frame timings and slot formats) multiplexing UEs in the same F-DPCH TPC symbol position on the same F-DPCH channelization code. Therefore it is not really needed to add new signaling for the same purpose.
·   The analysis made on compressed mode and CPC highlights the importance of using a deterministic pattern, while some parts of the specs emphasize on the importance of having a new TPC update at the beginning of every radio frame, which is fulfilled for both decimation factors (i.e., 3 slots and 5 slots) used by the Algorithm 3 if the DL TPC command is always transmitted in the first slot within a slot-cycle.
On the compatibility of the Algorithm 3 with CPC the following observation has been made:
Observation 1: It needs to be clarified and motivated if the Rel-13 Algorithm 3 for processing TPC commands transmitted in DL will be compatible with CPC or not.

While on the selection of the slot position within a slot-cycle on which the TPC command to be transmitted in DL should be mapped, it is proposed:

Proposal 1: Mapping the TPC command to be transmitted in downlink always to the first slot within the slot-cycle, since multiplexing UEs in the same F-DPCH TPC symbol position on the same F-DPCH channelization code is something that can be achieved already today with the existing specifications.
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