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Introduction
On the work on shortened TTI and processing time [1] the UL control channel needs to be redesigned to operate on a shorter transmission duration than the 1 ms operation used today. A shorter transmission duration means a loss in coverage. To compensate for this loss, some modifications are expected to the UL control channel power control procedures.
In this contribution, we outline the sPUCCH power control procedures, based on the current PUCCH power control design.
[bookmark: _Ref178064866]Discussion
PUCCH power control
Power control for PUCCH is defined in 3GPP TS 36.213 [4] as, for subframe i and serving cell c,


for PUCCH format 1/1a/1b/2/2a/2b/3 and


for PUCCH format 4/5,
where
· 
 is the maximum transmit power.
· 
 is the target received power, constituted by the sum of a cell specific and UE specific value.
· 
 is the downlink path loss estimate.
· 
 is a PUCCH format dependent value that reflects cases with larger payload.
· 
 is the number of resource blocks for PUCCH format 4, equals 1 for all other formats.
· 
 is a relation in dB between PUCCH format F and PUCCH format 1a.
· 
 is an adjustment factor depending on number of coded bits that is exactly specified in [4]. 
· 
 depends on the number of antenna ports configured for PUCCH.
· 

 is the closed loop power control state and is updated using  signalled in the downlink assignment.
PUCCH power control impact due to sTTI collisions
[bookmark: _GoBack]With the introduction of sTTI comes also the case that the UE has to handle collisions between sTTI and TTI. The details of these are still under discussion [3]. It could be noted that for some solutions, the PUCCH is dropped on slot level, and hence the UCI is transmitted with half the power compared to the case if no collisions occured. If this is part of the adopted solutions in the end to handle sTTI/TTI collisions, a corresponding power boost should be applied to compensate for the lost transmission duration of PUCCH.
[bookmark: _Toc481159182][bookmark: _Toc481159213][bookmark: _Toc481680276][bookmark: _Toc481752475][bookmark: _Toc481752611][bookmark: _Toc481754035][bookmark: _Toc489523106][bookmark: _Toc489533770][bookmark: _Toc489550088][bookmark: _Toc489970439]There could be impact to the PUCCH power control due to the introduction of sTTI, depending on how sTTI/TTI collisions in the same UE are handled.
sPUCCH power control
In principle a similar equation as for PUCCH can be used for sPUCCH power control. 
[bookmark: _Toc481159185][bookmark: _Toc481159216][bookmark: _Toc481680279][bookmark: _Toc481752478][bookmark: _Toc481752614][bookmark: _Toc481754038][bookmark: _Toc489523109][bookmark: _Toc489533773][bookmark: _Toc489550091][bookmark: _Toc489970442]The power control for sPUCCH should be widely based on the procedure defined for PUCCH power control
There will be at least two formats of sPUCCH defined for each supported UL sTTI length. The final number of formats is however not decided upon yet, and hence the performance is not known.
[bookmark: _Toc481159183][bookmark: _Toc481159214][bookmark: _Toc481680277][bookmark: _Toc481752476][bookmark: _Toc481752612][bookmark: _Toc481754036][bookmark: _Toc489523107][bookmark: _Toc489533771][bookmark: _Toc489550089][bookmark: _Toc489970440]	The sPUCCH power control cannot be finalized before all sPUCCH formats are decided upon
Link level simulations have shown that independently of the selected sPUCCH format(s) a larger SNR is required for sPUCCH compared to PUCCH in order to reach similar performance in terms of ACK missed detection probability, NACK-to-ACK error probability and DTX-to-ACK probability. The shorter the sPUCCH is, the larger is the performance gap with PUCCH due to the lower energy transmitted.
The sPUCCH power control can be based on an equation similar to the PUCCH power control equation. Also, a bandwidth adjustment parameter is required if more than 1 RB transmission is supported (since a PUCCH format 4-like sPUCCH will be defined for both 2os and 7os sPUCCH).

The maximum power is not changed with sTTI, and hence no changes are expected to .

The baseline reference power  should preferably be kept, and relative power changes due to sPUCCH operation should be captured through other parameters.

The path loss estimation does not change with sTTI operation, and hence will stay the same.

Also, the adjustment due to Tx diversity is expected to be similar between 1 ms TTI and sTTI operation, and hence  is proposed to stay the same.



The closed loop state,, for PUCCH is derived from the TPC information  signalled in the downlink assignment for 1ms TTI. An sPUCCH specific  should be introduced in the downlink assignment for the shorter TTI. 




The most natural way is to capture the performance difference in  that is signalled from higher layers. Additionally, , for new formats based on PUCCH formats 1-3, and , for new formats based on PUCCH format 4-5, would probably have to be re-defined. Consider for example PUCCH format 3 performance and its related compensation factor , together with the RM code performance for 2os and 7os sPUCCH.
[image: ]
Figure 1: (s)PUCCH format with RM code and associated compensation factors
One can see that the 7os performance (assuming here FH) follows well the performance profile of 1 ms operation. Hence, in this case it is probable that the same compensation factors can be used. The situation would most probably change however in case no FH is used. Also for 2os, the existing compensation does not seem to provide a good fit to the performance curve, and instead a slope of 3/4 (instead of a combination of 1/2 and 1/3) for example would be more suitable.


To capture the loss in link performance due to sTTI operation, and the possible differences in different formats compared to PUCCH operation, a sPUCCH specific  should be defined. A rough estimate of the increased power levels required for 2os and 7os would be 9 dB and 3 dB respectively, but the parameter range should preferably be based on simulations, including sufficient margin to cover different implementations.
The reasoning above results in the following:
· Parameters shared with PUCCH:
· 



 , , , 
· Parameters specific to the sPUCCH transmission where definitions can be kept:
· 
, 
· Parameters specific to the sPUCCH transmission where definitions most probably have to be changed:
· 

, 
· New RRC parameter for sPUCCH (possibly splitting it into one parameter shifting the operating point due to sTTI length, and one due to sPUCCH format, or treating them jointly)
· 

· New DCI parameter for sPUCCH
· 
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Conclusion
In section 2 we made the following observations:
Observation 1	There could be impact to the PUCCH power control due to the introduction of sTTI, depending on how sTTI/TTI collisions in the same UE are handled.
Observation 2	The sPUCCH power control cannot be finalized before all sPUCCH formats are decided upon
Observation 3	Several of the parameters defined by higher layers for PUCCH can be re-used in the sPUCCH power control equation(s)

Based on the discussion in section 2 we propose the following:
Proposal 1	The power control for sPUCCH should be widely based on the procedure defined for PUCCH power control
Proposal 2	Define RRC parameters with relative changes to output power due to sPUCCH format, sTTI length and payload variations
Proposal 3	Include a TPC related command in DCI for a closed-loop power regulation
Proposal 4	Consider if a new payload based correction factor is needed, or if the existing ones can be used also for sPUCCH
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