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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.
This contribution is a revision of R1-1712902 with more simulation results added to support RRC parameter settings, and support the approach taken for the power control equation. 
[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.
sPUCCH power control
In principle, a similar equation as for PUCCH can be used for sPUCCH power control. 
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There will be at two and three formats of sPUCCH defined for 2/3os and 7os sTTI respectively. Not all details are settled yet for sPUCCH format 4 for 2/3os, carrying more than 2 bits HARQ, but for other formats the design is widely settled. Still, to keep things simple, the power control equations should be defined as today using the same parameters.
[bookmark: _Toc492648096][bookmark: _Toc494223812][bookmark: _Toc494317516][bookmark: _Toc494318482]The power control equations defined today for PUCCH are also used for sPUCCH
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 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.



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. 

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.







, , , , ,  is the same as for PUCCH (except that evaluations can be performed in different time scales, e.g. for 

[bookmark: _Toc492648098][bookmark: _Toc494223814][bookmark: _Toc494317518][bookmark: _Toc494318484]The closed loop power control ( ) is specific to sPUCCH and not common with PUCCH



What needs to be further investigated is the payload dependencies and also the format dependencies: , , .

Today,  is the relative performance shift expected between PUCCH format 1a. It is proposed to keep this same reference and include the performance loss from 1 ms PUCCH to sPUCCH with a format specific delta.

 for sPUCCH is as today defined relative to PUCCH format 1a and will include format specific offset as well as expected performance difference between 1 ms and sTTI operation



Simulations have been carried out to determine the values required for , assuming the designs of the already agreed sPUCCH formats. For 2/3os sPUCCH format 4, the design proposed in [5] has been evaluated. This design includes an OFDM modulated DMRS symbols and a data symbol, with the format being mapped to 1, 2, 3, 4, 5, 6, or 8 PRBs. The detailed simulations are shown in the Annex, and summarized in Table 1. The legacy  for the different formats are also shown in Table 1. It is clear that the legacy  are not optimal for use with sPUCCH, especially for 2os sPUCCH format 1a and 1b where the differences are large.
[bookmark: _Ref492631210]Table 1: Performance of sPUCCH compared to PUCCH format 1a at payload compensation 0 dB
	sPUCCH format
	
Relative performance loss compared to sPUCCH format 1a ()
	Proposed parameter range
	
Legacy 

	2/3os sPUCCH, format 1a
	9
	5,6,7,8,9,10,11,12
	-



	7os sPUCCH, format 1a, FH
	4
	0,1,2,3,4,5,6,7
	

	7os sPUCCH, format 1a, nFH
	6
	2,3,4,5,6,7,8,9
	

	2/3os sPUCCH, format 1b
	10
	6,7,8,9,10,11,12,13
	1,3,5

	7os sPUCCH, format 1b, FH
	5
	1,2,3,4,5,6,7,8
	

	7os sPUCCH, format 1b, nFH
	8
	4,5,6,7,8,9,10,11
	

	7os sPUCCH, format 3
	8
	4,5,6,7,8,9,10,11
	-1,0,1,2,3,4,5,6

	2/3os sPUCCH, format 4 (RM)
	19
	15,16,17,18,19,20,21,22
	10,11,12,13,14,15,16

	2/3os sPUCCH, format 4 (TBCC)
	17
	13,14,15,16,17,18,19,20
	

	7os sPUCCH, format 4 (RM)
	17
	13,14,15,16,17,18,19,20
	

	7os sPUCCH, format 4 (TBCC)
	14
	10,11,12,13,14,15,16,17
	



One can see that the proposed parameter ranges are quite different from the legacy values. 

[bookmark: _GoBack]To simplify specification work, one can consider keeping the same as defined today and instead provide a fixed/configurable offset that applies to all PUCCH formats for a specific sTTI length. That is, one offset for 2/3 sTTI and one for 7os. If assuming this offset is defined by sPUCCH format 1a performance (similar to this being the baseline for 1 ms operation for the additional format-specific performance shift), the additional performance degradation for other formats are shown in Table 2. For example, ‘2/3os sPUCCH, format 1a’ needs a 9 dB increase in power compared to PUCCH format 1a, and ‘2/3os sPUCCH, format 1b’ requires a 10 dB increase, hence the value shown in Table 2 is 1 dB (10 dB - 9 dB). The table also splits 7os between FH and no FH. The sTTI specific delta values would be [9,4,6] for [2/3os, 7os FH, 7os nFH].

[bookmark: _Ref494221596]Table 2: Format specific degradation compared to sPUCCH format 1a for each respective sTTI length and use of FH or not.
	
	Format 1b
	Format 3
	Format 4

	2/3os
	1
	-
	8 (TBCC), 10 (RM)

	7os, FH
	1
	-
	10 (TBCC), 13 (RM)

	7os, no FH
	2
	2
	-



Considering the range for the different formats today to be:
· Format 1b: {1,3,5} 
· Format 3: {-1,0,1,2,3,4,5,6}
· Format 4: {10,11,12,13,14,15,16}

It would be possible to get a performance accuracy for format 1b and format 3, if separating 7os between FH and no FH, but for format 4 the performance would still be outside the range, and the dependency between coding types too varying. Also, if using the existing format ranges of but configuring them separately, there is no gain in signalling in the end. Hence, this does not seem as simple and attractive as simply defining new formats offsets.
[bookmark: _Toc492648100][bookmark: _Toc494223816][bookmark: _Ref494317425][bookmark: _Toc494317520][bookmark: _Toc494318486]The format compensation factor is defined by higher layers for [2/3os sPUCCH format 1a, 2/3 sPUCCH format 1b, 2/3 sPUCCH format 4 (RM), 2/3 sPUCCH format 4 (TBCC), 7os sPUCCH format 1a FH, 7os sPUCCH format 1b FH, 7os sPUCCH format 1a nFH, sPUCCH format 1b nFH, 7os sPUCCH format 3, 7os sPUCCH format 4 (RM), 7os sPUCCH format 4 (TBCC)] to be X=[9,10,19,17,4,5,6,8,8,17,14], with each X(i) is defined using a range of [X(i)-4, X(i)-3,…, X(i)+3].

Our investigation has showed that , for sPUCCH formats 1/1a/1b and 3 can be reused as is, assuming Proposal 5 is followed (simulation results supporting this is shown in Annex A). 

, for sPUCCH format 4-5 can in principle be reused, but it needs to be ensured that BPRE (Bits Per Resorce Element) is defined appropriately. 
In [4] Section 5.1.2.1 the following is specified,


” if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i and  otherwise.”
This should be changed to:


” if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i and  otherwise.”

[bookmark: _Toc492648101][bookmark: _Toc494223817][bookmark: _Toc494317521][bookmark: _Toc494318487]Use legacy   for sPUCCH.

[bookmark: _Toc492648102][bookmark: _Toc494223818][bookmark: _Toc494317522][bookmark: _Toc494318488]Use legacy principle for  , but ensure that BPRE is updated to reflect the UCI bits per resource element for sPUCCH
Conclusion
In section 2 we made the following observations:
Observation 1	The power control for sPUCCH should be widely based on the procedure defined for PUCCH power control

Based on the discussion in section 2 we propose the following:
Proposal 1	The power control equations defined today for PUCCH are also used for sPUCCH







Proposal 2	, , , , ,  is the same as for PUCCH (except that evaluations can be performed in different time scales, e.g. for 

Proposal 3	The closed loop power control ( ) is specific to sPUCCH and not common with PUCCH

Proposal 4	 for sPUCCH is as today defined relative to PUCCH format 1a and will include format specific offset as well as expected performance difference between 1 ms and sTTI operation
Proposal 5	The format compensation factor is defined by higher layers for [2/3os sPUCCH format 1a, 2/3 sPUCCH format 1b, 2/3 sPUCCH format 4 (RM), 2/3 sPUCCH format 4 (TBCC), 7os sPUCCH format 1a FH, 7os sPUCCH format 1b FH, 7os sPUCCH format 1a nFH, sPUCCH format 1b nFH, 7os sPUCCH format 3, 7os sPUCCH format 4 (RM), 7os sPUCCH format 4 (TBCC)] to be X=[9,10,19,17,4,5,6,8,8,17,14], with each X(i) is defined using a range of [X(i)-4, X(i)-3,…, X(i)+3].

Proposal 6	Use legacy   for sPUCCH.

Proposal 7	Use legacy principle for  , but ensure that BPRE is updated to reflect the UCI bits per resource element for sPUCCH
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Annex A (Simulations)
Performance for the different formats have been evaluated by means of simulation. The SNR operating points have been converted to a format representing transmission power by compensating for the number of PRBs.
     (1)
Consider the power control formula
,     (2)
 can be represented as the  required for PUCCH format 1a since the rest of the expression, , is zero for PUCCH format 1a. The representation of , , has been derived through simulations of PUCCH format 1a. The following can be said about a general format, F,
.     (3)
Or, equivalently 
.     (4)

By using the legacy payload compensation with the only exception that the calculation of  has been modified to work also for PUCCH messages occupying less than 2 slots and with more than 1 DMRS per slot, the only unknown parameter is .

Note that all sPUCCH format 1 payloads and variants have been treated as different formats with  equal to zero.
 is calculated by minimizing the error in equation (4) over the simulated payload sizes and PRB combinations for format F.
The following figures show the comparison between simulation results, , and the derived model, .  is shown in the title of each figure.
Figure 1, Figure 2, Figure 3, Figure 4 and Figure 5 show the results of the curve fitting for each new format. It should be analysed in terms of how well the modelled and actual curve fit each other and the resulting . 
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[bookmark: _Ref494196759]Figure 1: 2os PF4 nFH (RM)
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[bookmark: _Ref494196764]Figure 2: 2os PF4 nFH (TBCC with 8-bit CRC)
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[bookmark: _Ref494196766]Figure 3: 7os PF3 nFH (RM)
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[bookmark: _Ref493856043][bookmark: _Ref493856039]Figure 4: 7os PF4 FH noOCC (RM)
It can be noted that the deviation for low payloads in Figure 4 comes from the fact that for payloads below 7 bits the performance is in this case limited by Nack to Ack errors, while for 7 bits and above the performance is limited by Ack to Nack & Ack to DTX errors.

[image: ]
[bookmark: _Ref494196770]Figure 5: 7os PF4 FH noOCC (TBCC with 8-bit CRC)
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