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1. Overview
UL power control is an important design for network coverage. In NR, very flexible UL scheduling can, however, create the following issues to UL power control: 
1. The applied accumulative TPC value regarding out of order scheduling may not match to the expected power adjustment.
2. Timing relation between TPC and a periodic/semi-persistent/grant-free UL is not specified.
3. How to handle the case multiple TPCs are received in a slot for a power control loop of a UL channel.
In this contribution, we will address the above issues and provide proposals for resolving them.



2. UL Power Control Regarding Out of Order Scheduling
For NR UL scheduling, it is possible a late DCI schedules an earlier UL than another UL scheduled by an early DCI. Figure 1 shows an example where PUSCH of slot i is scheduled by a late DCI in slot (i-1) carrying a TPC of value B, and PUSCH of slot (i+1) is scheduled by an early DCI in slot (i-2) carrying a TPC of value A. According to the current formula, one can see the PUSCH of slot (i+1) will apply accumulative TPC value A+B. However, at the moment of its scheduling in slot (i-2), gNodeB only expects accumulative TPC value A. For PUSCH of slot i, the MCS and RB allocation is based on accumulative TPC value A+B while the actual applied value is B. Consequently, we can observe that current accumulative TPC formulas [1], e.g.  for PUSCH, cannot guarantee the expected power adjustment applied to a scheduled UL.
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Fig.1 : A UL channel can apply different power adjustment from its expected one at scheduling
The consequence of the above issue is reduced UL efficiency. To resolve this issue, one can introduce an intermediate variable for the expected power adjustment and make sure it is applied to the corresponding UL channel. Figure 2 shows the revised rule, and we can check that the applied accumulative TPC value can match to the expected power adjustment in the slot of the scheduling DCI. Consequently, the following is suggested:

Proposal 1: For NR UL power control, each accumulative TPC formula is revised by introducing an intermediate state variable accumulating the received TPC value for each slot. The scheduling delay/offset is then utilized to refer the expected accumulative TPC value in the slot with the scheduling DCI.
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Fig. 2: Revised formula for TPC accumulation to match the expected power adjustment

Specifically for PUSCH, PUCCH and SRS, we have the following proposals:






Proposal 2: For PUSCH with TPC accumulation enabled,  is the PUSCH power control adjustment state for UL BWP  of carrier  of serving cell  and PUSCH transmission period  if accumulation is enabled based on the parameter Accumulation-enabled provided by higher layers, where 
· 

 if the UE is configured with higher layer parameter num-pusch-pcadjustment-states; otherwise, . 
· 




, and dB if the UE does not detect a TPC command for UL BWP  of carrier  of serving cell .
· 

 is the first value after reset of accumulation, and, after the reset.


Proposal 3: For PUCCH,  is the current PUCCH power control adjustment state, where 
· 

 if the UE is configured with higher layer parameter parameter num-pucch-pcadjustment-states; otherwise, . 
· 




, and dB if the UE does not detect a TPC command for UL BWP  of carrier  of serving cell .
· 

 is the first value after reset of accumulation, and , after the reset.






Proposal 4: For SRS,  if the UE is not configured for PUSCH transmissions on UL BWP  of carrier  of serving cell , or if higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions, and if accumulation is enabled based on the parameter Accumulation-enabled-srs provided by higher layers, where  is jointly coded with other TPC commands in a PDCCH with DCI format 2_3 having CRC parity bits scrambled by TPC-SRS-RNTI that is last received by the UE prior to the SRS transmission, where
· 




, and dB if the UE does not detect a TPC command for UL BWP  of carrier  of serving cell .
· 

 is the first value after reset of accumulation, and , after the reset.

Note that, with the proposed modification, one doesn’t need to specify the timing to apply TPC carried by DCI format 2. The timing offset to refer an accumulative TPC is specified for UL instead for DCI, and TPC carried by DCI format 2 is simply accumulated to  when TPC accumulation is enabled.



3. TPC Timing Relation for Periodic/Semi-Persistent/Grant-Free UL
To apply correct transmission power, the accumulative TPC value should be selected according to a specified timing offset. For grant/trigger-based ULs, there are specific timing offsets. For periodic/semi-persistent/grant-free UL, it, however, requires further specification. 
For PUSCH, PUCCH and SRS, there are higher layer configured sets of timing offsets (a.k.a. K values in unit of slot) [2]. To achieve the best performance for the non-grant-based ULs, the nearest accumulative TPC value should be used. In this regard, the smallest K value among the configured ones can be selected. Yet, since the location of TPC can be any symbol in a slot, which may not match the condition for applying the smallest K value, as the example shown in Fig. 3. In this regard, setting the smallest K value plus 1 slot as the timing offset for applying the corresponding accumulative TPC to the non-grant-based ULs can avoid such violation. Therefore, we have the following proposal:



Proposal 5: For a periodic/semi-persistent/grant-free UL channel, the K value for referring the accumulated TPC value is chosen to be the minimal K value among those by higher layer configuration plus 1 slot.

[image: ]
Fig. 3: A PUSCH cannot apply the TPC in previous  slot; but fine for  slot

With the above specification, all types of UL channels can now refer to the best accumulative TPC value. On the other hand, since the TPC accumulation and reference are slot based, it remains to specify how to hanle the case multiple TPCs are received in the same slot, as will be addressed in next Section.



4. Priority Rule for Multiple TPCs Received in A Slot
In NR, there can be separated power control loops for different types of UL channels, including PUSCH, PUCCH and SRS. For PUSCH or PUCCH, there can also be two different loops effectively for two main beam directions. The rich flexibility can help NR to optimize the UL performance subject to different QoS requirements and beamforming. On the other hand, the time granularity for updating each power control loop is kept TTI/slot-based since power control is to deal with path loss and shadowing effects of relatively longer-term variation than channel fading.
While the update period for a power control loop of a UL channel is slot, UE may receive multiple DCIs of TPC values in a slot since DL control monitoring can be per-symbol. When there are multiple scheduling DCIs of format 0/1, it is suggested to select the first DCI since the TPC in the late DCI may not be applicable to the early UL channel, as illustrated in the example of Fig. 4. Consequently, the following priority rule is suggested:

Proposal 6: For each control loop of a UL channel (PUSCH/PUCCH/SRS), if there are multiple scheduling DCIs of format 0/1 received in a slot, only the TPC of the earliest DCI is considered.

[image: ]
Fig. 4: Prioritize the TPC in the earliest scheduling DCI for a power control loop of a UL channel
For the case TPCs by DCI format 0/1 and DCI format 2 are received in the same slot, we can prioritize the scheduling DCI (format 0/ 1) since it also carries the UL channel configuration, similar to LTE priority rule. Fig. 5 illustrates an example, and we also have the following proposal:

Proposal 7: If TPCs by DCI format 0/1 and DCI format 2 are received in the same slot, the TPC of the earliest scheduling DCI (format 0/1) is prioritized.

[image: ]
Fig. 5: TPC by DCI format 0/1 is prioritized over that by DCI format 2



5. Summary
In this contribution, the remaining issues on UL power control are addressed, and, in particular, we have:

Proposal 1: For NR UL power control, each accumulative TPC formula is revised by introducing an intermediate state variable accumulating the received TPC value for each slot. The scheduling delay/offset is then utilized to refer the expected accumulative TPC value in the slot with the scheduling DCI.






Proposal 2: For PUSCH with TPC accumulation enabled,  is the PUSCH power control adjustment state for UL BWP  of carrier  of serving cell  and PUSCH transmission period  if accumulation is enabled based on the parameter Accumulation-enabled provided by higher layers, where 
· 

 if the UE is configured with higher layer parameter num-pusch-pcadjustment-states; otherwise, . 
· 




, and dB if the UE does not detect a TPC command for UL BWP  of carrier  of serving cell .
· 

 is the first value after reset of accumulation, and, after the reset.


Proposal 3: For PUCCH,  is the current PUCCH power control adjustment state, where 
· 

 if the UE is configured with higher layer parameter parameter num-pucch-pcadjustment-states; otherwise, . 
· 




, and dB if the UE does not detect a TPC command for UL BWP  of carrier  of serving cell .
· 

 is the first value after reset of accumulation, and , after the reset.






Proposal 4: For SRS,  if the UE is not configured for PUSCH transmissions on UL BWP  of carrier  of serving cell , or if higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions, and if accumulation is enabled based on the parameter Accumulation-enabled-srs provided by higher layers, where  is jointly coded with other TPC commands in a PDCCH with DCI format 2_3 having CRC parity bits scrambled by TPC-SRS-RNTI that is last received by the UE prior to the SRS transmission, where
· 




, and dB if the UE does not detect a TPC command for UL BWP  of carrier  of serving cell .
· 

 is the first value after reset of accumulation, and , after the reset.

Proposal 5: For a periodic/semi-persistent/grant-free UL channel, the K value for referring the accumulated TPC value is chosen to be the minimal K value among those by higher layer configuration plus 1 slot.
[bookmark: _GoBack]
Proposal 6: For each control loop of a UL channel (PUSCH/PUCCH/SRS), if there are multiple scheduling DCIs of format 0/1 received in a slot, only the TPC of the earliest DCI is considered.

Proposal 7: If TPCs by DCI format 0/1 and DCI format 2 are received in the same slot, the TPC of the earliest scheduling DCI (format 0/1) is prioritized.



References
[1] 3GPP TS 38.213 V15.0.1, “Physical layer procedures for control (Release 15)”, Mar, 2018.
[2] 3GPP TS 38.331 V15.1.0, “Radio Resource Control (RRC) protocol specification (Release 15)”, Mar, 2018.

oleObject62.bin

oleObject63.bin

oleObject64.bin

oleObject65.bin

oleObject66.bin

oleObject67.bin

oleObject68.bin

oleObject69.bin

oleObject70.bin

oleObject71.bin

image1.png
Slot (i — 2) Slot (i — 1) Slot (i + 1)
O eusan - puscu
\Q//
Accumulative TPC to apply: £ (i) = f(i — 1) + 6(i — Kpyscn)
§i-2)=A4 §G-1D=B Kpysen =1 Kpyscn =3

fi-2)=0 fi-1=0 fO=fG-1) fGi+D)=fQ@
+8(—-1)=B +8(—-2)=B+A4A
A(:cumulativeTPCt AccumulativeTPC‘
expectedat DCI: A+B  expectedat DCI: A




oleObject72.bin

image2.png
N euseno - pusencs

Accumulative TPC to apply: f(i) = f'(i — Kpyscn), /() = f'G — 1) + 8(0)
§(i-2)=4A §i-1)=8B Kpyscu = 1 Kpyscu =3
fli-2)=4 fli—-1)=A+B f'i)=4A+B fli+1)=A+B

fO=fG-1D fGi+D

=A+B =f'i-2)=

Accumulative TPC AccumulativeTPC ‘
expectedat DCI: A+B  expectedat DCI: A




image3.wmf
)

,

(

)

,

(

PUSCH

,

,

,

,

l

K

i

f

l

i

f

c

f

b

c

f

b

-

¢

=


oleObject1.bin

image4.wmf
b


oleObject2.bin

image5.wmf
f


oleObject3.bin

image6.wmf
c


oleObject4.bin

image7.wmf
i


oleObject5.bin

image8.wmf
{

}

1

,

0

Î

l


oleObject6.bin

image9.wmf
0

=

l


oleObject7.bin

image10.wmf
)

,

(

)

,

1

(

)

,

(

,

,

PUSCH,

,

,

,

,

l

i

l

i

f

l

i

f

c

f

b

c

f

b

c

f

b

d

+

-

¢

=

¢


oleObject8.bin

image11.wmf
0

)

,

(

,

,

PUSCH,

=

l

i

c

f

b

d


oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

image12.wmf
0

)

,

0

(

,

,

=

l

f

c

f

b


oleObject13.bin

image13.wmf
0

,

0

)

,

(

,

,

<

¢

=

¢

¢

i

l

i

f

c

f

b


oleObject14.bin

image14.wmf
)

,

(

)

,

(

PUCCH

,

,

,

,

l

K

i

g

l

i

g

c

f

b

c

f

b

-

¢

=


oleObject15.bin

oleObject16.bin

oleObject17.bin

image15.wmf
)

,

(

)

,

1

(

)

,

(

,

,

PUCCH,

,

,

,

,

l

i

l

i

g

l

i

g

c

f

b

c

f

b

c

f

b

d

+

-

¢

=

¢


oleObject18.bin

image16.wmf
0

)

,

(

,

,

PUCCH,

=

l

i

c

f

b

d


oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

image17.wmf
0

)

,

0

(

,

,

=

l

g

c

f

b


oleObject23.bin

image18.wmf
0

,

0

)

,

(

,

,

<

¢

=

¢

¢

i

l

i

g

c

f

b


oleObject24.bin

image19.wmf
)

(

)

(

SRS

,

,

,

,

K

i

h

i

h

c

f

b

c

f

b

-

¢

=


oleObject25.bin

oleObject26.bin

oleObject27.bin

image20.wmf
c


oleObject28.bin

image21.wmf
)

(

SRS

,

,

SRS,

K

i

c

f

b

-

d


oleObject29.bin

image22.wmf
)

(

)

1

(

)

(

,

,

 

SRS,

,

,

,

,

i

i

h

i

h

c

f

b

c

f

b

c

f

b

d

+

-

¢

=

¢


oleObject30.bin

image23.wmf
0

)

(

,

,

 

SRS,

=

i

c

f

b

d


oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

image24.wmf
0

)

0

(

,

,

=

c

f

b

h


oleObject35.bin

image25.wmf
0

,

0

)

(

,

,

<

¢

=

¢

¢

i

i

h

c

f

b


oleObject36.bin

image26.png
| slotG—1 | sloti | Slot(i+1)

B PUSCH(i) PUSCH(i + 1)





image27.png
slot(i— 1)
A i B PUSCH, PUSCHg

fli-D=4 Kpyscn = 1
fO=f'-1)=4




image28.png
Kpysen =1

fO=fG-1)=8B




oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

oleObject52.bin

oleObject53.bin

oleObject54.bin

oleObject55.bin

oleObject56.bin

oleObject57.bin

oleObject58.bin

oleObject59.bin

oleObject60.bin

oleObject61.bin

