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1 Introduction

In RAN #66, a new Work Item entitled “Downlink TPC enhancements for UMTS” was approved [1]. The new WI is intended to standardize a L1 topic discussed and evaluated as part of the SI named “Study on downlink enhancements for UMTS” [2]. The L1 topic under discussion for this WI refers to 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 [3]. This contribution is intended to provide further considerations on the new candidate algorithms for processing DL TPC commands, which need to be clarified before proceeding to standardize a new power control algorithm (i.e., a potential Algorithm 3) in Rel-13.
2 Further considerations on the Rel-13 candidate algorithms for processing DL TPC commands 
A detailed analysis performed over the existing 3GPP specifications lead to a set of observations that need to be clarified to ensure the proper standardization of a new algorithm for processing DL TPC commands in Rel-13.

2.1 TPC Step Size

In the current specification, the step size (TPC is a layer 1 parameter which is derived from the UE-specific higher-layer parameter "TPC-StepSize" which is under the control of the UTRAN. If "TPC-StepSize" has the value "dB1", then the layer 1 parameter (TPC shall take the value 1 dB and if "TPC-StepSize" has the value "dB2", then (TPC shall take the value 2 dB. The parameter "TPC-StepSize" only applies to Algorithm 1 as stated in [4]. For Algorithm 2 (TPC shall always take the value 1 dB. 
However, nothing has been said about what is going to be the step size used by the candidate Rel-13 algorithms for processing TPC commands.

Observation 1:  It needs to be clarified and motivated whether the parameter “TPC-StepSize” is applicable for the Rel-13 candidate algorithms for processing TPC commands, or if the step size will be fixed to 1dB as in the existing legacy Algorithm 2. 
2.2 Configurable Repetition/Decimation factor
In order to exemplify the operation of both candidate algorithms, the parameter N has been used to determine the number of consecutive slots to be processed by the algorithms, where so far the values 1, 3, and 5 slots have been utilized. Now, towards standardization of a new algorithm for processing TPC commands, it has to be decided whether such a parameter is going to be a single hard-coded value as in the legacy Algorithm 2, or if it is going to be a configurable value signaled from the RNC to the Node B and UE.
Observation 2:  It needs to be clarified whether the number of TPC commands to be processed by the Rel-13 candidate algorithms is going to be a single hard coded value as in the existing legacy Algorithm 2, or if it is going to be a configurable value signaled from the RNC to the Node B and UE and, if so, which are those values?. 

2.3 DTX of TPC commands and capacity aspects
In the algorithm described as “DTX of TPC commands”, only one TPC command is transmitted within a set of N consecutive slots. Reducing the updating frequency of the TPC commands by applying DTX in all but one of the TPC commands within a set of N slots, will allow to release N-1 slots, which can be used to allocate TPC command transmissions for more users compared to what is possible to allocate with the algorithm described as “Repetition of TPC commands”, therefore the algorithm “DTX of TPC commands” indirectly increases the system’s capacity. 

As an example, assume that the slots in a F-DPCH radio frame are numbered 0, 1, …, 14. Further assume that a TPC frequency reduction of factor 3 (N=3) is applied, and that it has been specified that the first of the TPC commands in a group is transmitted, i.e. a UE will receive the TPC command only in F-DPCH slots 0, 3, 6, 9, and 12. By varying the F-DPCH frame timing and slot format, three UEs can share the same F-DPCH TPC symbol position, as illustrated in Figure 2 below.


[image: image1]
Figure 2: Example of three UEs sharing the same F-DPCH TPC symbol position

It is up to the RNC to dynamically assign suitable combinations of F-DPCH frame timings and slot formats to enable multiplexing of multiple UEs on the same F-DPCH TPC symbol position on the same F-DPCH channelization code.
Observation 3: From a capacity point of view the proposed Rel-13 algorithms for processing DL TPC commands differ from each other, since with the "DTX of TPC commands" algorithm it would be possible to increase the number of UEs that are allocated to the same TPC symbol (i.e., when it is DTXed) on the same F-DPCH channelization code.
2.4 TPC command generation on downlink during RL initialisation

During the Radio Link (RL) initialisation, the TPC commands shall follow a pattern that consists of n instances (n≠0, the value is obtained from the parameter “DL TPC pattern 01 count”, which is passed by higher layers) of the pair of TPC commands (“0”,”1”), followed by one instance of TPC command “1”, where (“0”,”1”) indicates the TPC commands to be transmitted in 2 consecutive slots [4]. Evidently, when in either of the Rel-13 candidate algorithms the slot cycle is larger than 1, the rule of transmitting in 2 consecutive slots is no longer fulfilled, and the behaviour in that case needs to be clarified. 
One potential way of clarifying the behaviour of algorithms that slow down the transmission of TPC commands could consists in saying that in that case (i.e., when the Algorithm 3 is in use), (“0”,”1”) indicates the TPC commands to be transmitted in 2 consecutive slot-cycles rather than in 2 consecutive slots.
Observation 4:  It needs to be clarified how the TPC command generation of the Rel-13 candidate algorithms is performed during the RL initialisation and the consequences (if any) of slowing down the power ramping procedure. 

2.5 Downlink synchronization

The standard states that “the UE shall every radio frame check synchronization status of either the DPCH or the F-DPCH depending on which is configured” [3], therefore when the “DTX of TPC commands” algorithm is utilized, the behavior needs to be clarified, perhaps determining in/out-of-sync in manner as it is determined when UL_DTX_Active is TRUE would be enough. On the other hand, when the “Repetition of TPC commands” algorithm is utilized, the energy put on the F-DPCH would have to be lowered by the same amount of repetitions to be performed, which may make more difficult to determine the sync status. A RAN4 involvement might therefore be necessary in order to verify the in/out-of-sync behavior when the Rel-13 algorithms are utilized.
Observation 5:  RAN4 may need to be involved in order to verify the in/out-of-sync behavior when the Rel-13 algorithms are utilized.
2.6 Generation of the Uplink TPC commands
The Rel-13 algorithms deal with the generation of TPC commands for controlling the UE’s transmission power. However, nothing has been said about the impact that the algorithms have on the generation of TPC commands sent by UE for controlling the Node B’s transmit power. When the “DTX of TPC commands” algorithm is utilized there is an important impact because from a set of X slots composing a slot cycle, in X-1 slots the UE won’t have information (i.e., a SIR estimate) to derive TPC commands. On the other hand, when the algorithm “Repetition of TPC commands” is used, it is unclear if the SIR estimation should be performed on the combined symbols, or on each symbol. 
It is very important to clarify the generation of TPC commands used for controlling the network’s transmit power. 
Observation 6:  It needs to be clarified the generation of the TPC commands to be sent on the UL DPCCH derived by the UE from the transmission patterns of the Rel-13 candidate algorithms for processing TPC commands. RAN 4 needs to be involved in order to asses a potential impact on the TS 25.101 derived from the generation of the UL TPC commands.
3 Conclusions 

This contribution provides further considerations on the Rel-13 candidate algorithms used for processing DL TPC commands, which need to be addressed towards the standardization of one of the algorithms in the Release13.
Based on the findings captured in the TR 25.706 v2.0.0 on Downlink Enhancements for UMTS [3], as well as the analysis presented in [5] and in this paper, the Table 1 below provides a general comparative overview of the Rel-13 candidate algorithms for processing DL TPC commands.

Table1: Comparative overview of the Rel-13 algorithms for processing TPC commands.

	
	Algorithm Complexity
	CPC Compatible
	Compressed Mode
	Energy

Gain
	Uplink Impact
	Code Capacity Gain

	
	
	
	
	
	
	

	Repetition of TPC commands


	(Repetition of TPC commands) > (DTX of TPC commands)


	Yes/No?
	“Amount of time the UE operates without power control”

(Repetition of TPC commands) < (DTX of TPC commands)

When operation of the algorithms is followed as it is described in the TR 25.706 v2.0.0.
	“A downlink gain around 10*log10N dB (where N is the repetition/decimation factor) can be observed over the legacy algorithm 1 fast power control”


	New algorithms with 1% TPC BER 

Low (≈ 0.1dB)

New algorithms with 4% TPC BER 

Medium (<0.6dB)
	All the slots in a slot-cycle are used.
No

	DTX of TPC commands


	
	Yes/No?
	
	
	
	There is a possibility of allocating more TPC commands per slot-cycle since only one slot per slot-cycle is used.
Yes




Along with the information provided in the table above and in [5], a set of observations/proposals have been listed below which contain important technical aspects that need to be clarified.
Observation 1: It needs to be clarified and motivated whether the parameter “TPC-StepSize” is applicable for the Rel-13 candidate algorithms for processing TPC commands, or if the step size will be fixed to 1dB as in the existing legacy Algorithm 2. 

Observation 2:  It needs to be clarified whether the number of TPC commands to be processed by the Rel-13 candidate algorithms is going to be a single hard coded value as in the existing legacy Algorithm 2, or if it is going to be a configurable value signaled from the RNC to the Node B and UE and, if so, which are those values?. 
Observation 3: From a capacity point of view the proposed Rel-13 algorithms for processing DL TPC commands differ from each other, since with the "DTX of TPC commands" algorithm it would be possible to increase the number of UEs that are allocated to the same TPC symbol (i.e., when it is DTXed) on the same F-DPCH channelization code.
Observation 4: There is a side benefit related with a capacity aspect in which the proposed Rel-13 algorithms for processing DL TPC commands differ from each other, since with the "DTX of TPC commands" algorithm it would be possible to increase the number of UEs that are allocated to the same TPC symbol (i.e., when it is DTXed) on the same F-DPCH channelization code.Observation 5:  It needs to be clarified how the TPC command generation of the Rel-13 candidate algorithms is performed during the RL initialisation and the consequences (if any) of slowing down the power ramping procedure. 

Observation 5:  RAN4 may need to be involved in order to verify the in/out-of-sync behavior when the Rel-13 algorithms are utilized.
Observation 6:  It needs to be clarified the generation of the TPC commands to be sent on the UL DPCCH derived by the UE from the transmission patterns of the Rel-13 candidate algorithms for processing TPC commands. RAN 4 needs to be involved in order to asses a potential impact on the TS 25.101 derived from the generation of the UL TPC commands.

Taking into account the analysis made on the algorithms, and once the technical aspects stated in [5] and in this paper have been clarified, it is proposed:
Proposal 1:  Based on the benefits brought to the system, complexity, standard impact, legacy compatibility, etc., determine if either the “Repetition of TPC commands” or the “DTX of TPC commands” algorithm will be considered further to be standardized in the 3GPP Rel-13.

Proposal 2:  Revise the WID in order to allocate time units for the TSG RAN WG4 aiming at assessing the standard impacts derived from the new Rel-13 algorithm for processing DL TPC commands.
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UE1: F-DPCH =13x256 chip, slot format #1 





UE2: F-DPCH =3x256 chip, slot format #1 








UE3: F-DPCH =16x256 chip, slot format #8 
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