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Introduction
In this contribution, we discuss the text proposal provided in the accompanying draft CR [1] on corrections for the specifications TS 38.213 [2] regarding TPC command accumulation for the case of PUSCH slot aggregation and PUCCH repetition procedure. We show that the current definition of [i0] for TPC command accumulation causes a double/multiple counting of TPC commands and therefore a change in the transmit power among different repetitions in the slot aggregation operation. Accordingly, we propose a slight change in the definition of [i0] to avoid double/multiple counting of TPC commands and to ensure the same transmit power among different repetitions of the slot aggregation operation. Based on similar arguments, a similar proposal is provided for PUCCH repetition procedure as well.
Definition of Index “i0” for Slot Aggregation
In 5G NR, the grant-to-transmission timing relationship for a dynamically scheduled transmission is configurable using the k2 parameter, and the actual k2 value for a certain dynamic transmission is indicated in the UL DCI, which is also equal to the TPC command application timing  (in number of symbols). In addition, for the case of configured grant uplink transmission, for which no UL DCI exists, the TPC command application timing   is agreed to be the minimum common configured k2 value (in number of symbols). Accordingly, one can consider the “TPC time reference” for a PUSCH to be the starting symbol of PUSCH minus the TPC command application timing . For example, for a dynamically scheduled PUSCH, the “TPC time reference” is the UL DCI time. In this sense, it is possible that, a configured grant transmission and its corresponding “TPC time reference” can be sandwiched in time between a dynamically scheduled transmission and its corresponding UL DCI. 
For these reasons, in 5G NR, the closed-loop adjustment state for a transmission occasion [i] updates that of a transmission occasion [i - i0], where [i0] may not be necessarily equal to 1 (as e.g., in LTE), but it can satisfy i0 > 1. The rule/principle for finding the correct [i0] in the current specification is that, [i0] corresponds to the closest previous transmission in time whose TPC time reference is earlier than that of the current transmission occasion [i]. If the immediate previous transmission occasion [i-1] satisfies this condition, then i0 = 1, otherwise the UE needs to look further back in time and find a transmission occasion [i - i0] further past in time (i.e., i0 > 1 and ) such that the aforementioned condition is met. 
Excerpt from TS 38.213 Section 7.1.1
















 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 


5G NR supports slot aggregation in which case, a single UL DCI schedules the UE for repetitions of a PUSCH in multiple transmission occasions in multiple slots. (Variations and enhancements of this mechanism, such as mini-slot-based repetitions and multi-segment transmissions, are also being discussed for URLLC in Rel-16 [3]). 
Excerpt from TS 38.214 Section 6.1.2.1 [4]
When transmitting PUSCH scheduled by PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, if the UE is configured with pusch-AggregationFactor, the same symbol allocation is applied across the pusch-AggregationFactor consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the pusch-AggregationFactor consecutive slots applying the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the TB is determined according to table 6.1.2.1-2. 

It is understood that all repetitions in slot aggregation need to use the same transmit power, as a single UL DCI schedules all those repetitions. However, in the following, we show that the current definition of [i0] for TPC command accumulation causes a double/multiple counting of TPC commands and a change in the transmit power among different repetitions in the slot aggregation operation. 
For the first repetition (say, transmission occasion [i]) of slot aggregation, the TPC application time  is equal to the number of symbols between the end of UL DCI that schedules the slot aggregation and the start of transmission occasion [i], i.e., the grant to transmission time. Let [i0] with  be the transmission occasion prior to the first repetition of slot aggregation that satisfies the TPC accumulation condition, i.e., the closest previous transmission in time whose TPC time reference is earlier than that of transmission occasion [i]. In one example, if the transmission occasion prior to slot aggregation is a dynamically scheduled transmission, then , and . 
Now, consider the second repetition (say, transmission occasion [i+1]) of slot aggregation. For this transmission occasion, the TPC application time  is equal to the number of symbols between the end of UL DCI that schedules the slot aggregation and the start of transmission occasion [i+1]. In fact, , where G is the length of the gap (in symbols) between the start of the first repetition of slot aggregation and the start of the second repetition of slot aggregation. For example, each repetition of the slot aggregation lasts for one slot, then G equals the length of a slot. 
One observes that, if the UE applies the current rule to find the TPC accumulation update index [i0] for the second repetition of slot aggregation, it cannot choose i0 = 1, since for this case, the “TPC time reference” for the second repetition of slot aggregation is exactly identical to the “TPC time reference” for the first repetition of slot aggregation, i.e.,  symbols before PUSCH transmission occasion ((i+1)-1) = i is not earlier than --but exactly coincides with--  symbols before PUSCH transmission occasion (i+1). Therefore, per current specification, the UE needs to go back further in time and choose i0 = 2, so that , i.e., the transmission occasion prior to slot aggregation, so that the start of the TPC accumulation window for the second repetition of slot aggregation is the TPC reference time for the transmission occasion prior to slot aggregation. Accordingly, all TPC commands that were applied to update , including the TPC command indicated in the UL DCI that scheduled the slot aggregation, will be re-applied to , and hence, the transmission power for the second repletion of the slot aggregation changes from that for the first repetition, which is clearly undesirable. 
By similar arguments, one can verify that, indeed, for all repetitions of the slot aggregation, the same issue exists and the UE is forced to re-apply the TPC commands, and thereby change the transmit power of all repetitions of a slot aggregation. 
Observation: Current definition of [i0] in TS 38.213 for TPC command accumulation causes a double/multiple counting of TPC commands and a change in transmit power among different repetitions of the slot aggregation operation, which is not the intended behavior. 

[image: ]
Figure 1: TPC accumulation for slot aggregation based on current specification
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Figure 2: TPC accumulation for slot aggregation based on draft CR

As our discussion above shows, the above issue is caused since the possibility of having identical “TPC reference times” for transmission occasions [i] and [i-i0] is ruled out in the current specification. This is fine for the case of a single transmission scheduled by a single UL DCI, but it causes issues (as discussed above) for the case that a single UL DCI scheduled multiple transmissions as in slot aggregation. 
Therefore, the definition of [i0] in the specification should change to allow the “TPC reference times” for transmission occasions [i] and [i-i0] to coincide. With this modification, the TPC accumulation window for the second (and later) repetitions of the slot aggregation will become empty, and therefore the TPC commands are not re-applied and no change is introduced in their transmit power. This can be achieved by changing the [i0] definition to the following:





 is the smallest integer for which  symbols before PUSCH transmission occasion  is not later than  symbols before PUSCH transmission occasion 
Proposal 1: The definition of [i0] in specification TS 38.213 should be corrected to allow the “TPC reference times” for transmission occasions [i] and [i-i0] to coincide in order to avoid double/multiple counting of TPC commands and to ensure the same transmit power for different repetitions of the slot aggregation operation. 
A similar proposal applies to PUCCH repetition procedure as defined in [2, TS 38.213], where long PUCCH is repeated over multiple slots. 
Excerpt from TS 38.213 Section 9.2.6 PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. 

For , 

-	the UE repeats the PUCCH transmission with the UCI over  slots 

-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4

-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots

Proposal 2: The definition of [i0] in specification TS 38.213 should also be corrected for the case of PUCCH repetition procedure similar to Proposal 1.
These proposals are captured in our accompanying draft CR [1]. 
Conclusion
In summary, we propose the followings for TPC command accumulation for the PUSCH slot aggregation operation and PUCCH repetition procedure:
Observation: Current definition of [i0] in TS 38.213 for TPC command accumulation causes a double/multiple counting of TPC commands and a change in transmit power among different repetitions of the slot aggregation operation, which is not the intended behavior. 
Proposal 1: The definition of [i0] in specification TS 38.213 should be corrected to allow the “TPC reference times” for transmission occasions [i] and [i-i0] to coincide in order to avoid double/multiple counting of TPC commands and to ensure the same transmit power for different repetitions of the slot aggregation operation. 
Proposal 2: The definition of [i0] in specification TS 38.213 should also be corrected for the case of PUCCH repetition procedure similar to Proposal 1.
These proposals are captured in our accompanying draft CR [1]. 
References
[1] R1-1902842, “Draft CR on TPC command accumulation for slot aggregation”, Motorola Mobility, Lenovo, RAN1 #96, Athens, Greece, February 2019.
[2] TS 38.213, “NR, Physical layer procedures for control”, Rel. 15, v15.4.0, December 2018.
[3] “RAN1 Chairman’s Notes”, RAN1 AH-1901, Taipei, January 2019.



oleObject2.bin

image3.wmf
(

)

i

D

C


oleObject3.bin

image4.wmf
1

)

(

0

PUSCH

-

-

i

i

K


oleObject4.bin

image5.wmf
0

i

i

-


oleObject5.bin

image6.wmf
)

(

PUSCH

i

K


oleObject6.bin

image7.wmf
i


oleObject7.bin

image8.wmf
b


oleObject8.bin

image9.wmf
f


oleObject9.bin

image10.wmf
c


oleObject10.bin

image11.wmf
l


oleObject11.bin

image12.wmf
0

0

>

i


oleObject12.bin

image13.wmf
)

(

0

PUSCH

i

i

K

-


oleObject13.bin

image14.wmf
0

i

i

-


oleObject14.bin

oleObject15.bin

oleObject16.bin

image15.wmf
(

)

å

-

=

1

0

,

,

PUSCH,

)

,

(

i

D

m

c

f

b

l

m

C

d


oleObject17.bin

image20.wmf
i

D


oleObject18.bin

image30.wmf
(

)

i

D

C


oleObject19.bin

image40.wmf
1

)

(

0

PUSCH

-

-

i

i

K


oleObject20.bin

image50.wmf
0

i

i

-


oleObject21.bin

image60.wmf
)

(

PUSCH

i

K


oleObject22.bin

image70.wmf
i


oleObject23.bin

image80.wmf
b


oleObject24.bin

image90.wmf
f


oleObject25.bin

image100.wmf
c


oleObject26.bin

image110.wmf
l


oleObject27.bin

image120.wmf
0

0

>

i


oleObject28.bin

image130.wmf
)

(

0

PUSCH

i

i

K

-


oleObject29.bin

image140.wmf
0

i

i

-


oleObject30.bin

oleObject31.bin

oleObject32.bin

image15.png
UL DCI for
slot aggregation

Tx Occ. [i-1]

slot aggregation

P

~

Rep#1l
Tx Occ. [i]

Rep#2
Tx Occ. [i+1]

« TPC accumulation window for Rep#1 .

i0=1

TPC accumulation window for Rep#2
< i0=2 >




image16.png
UL DCl for
Tx Occ. [i-1]

Tx Occ. [i-1]

UL DCI for
slot aggregation

slot aggregation

A

~

Rep#1l
Tx Occ. [i]

Rep#2
Tx Occ. [i+1]

« TPC accumulation window for Rep#1 .

i0=1

TPC accumulation wingow (empty) for Rep#2

i0=1




image1.wmf
(

)

å

-

=

1

0

,

,

PUSCH,

)

,

(

i

D

m

c

f

b

l

m

C

d


oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

oleObject37.bin

image17.wmf
repeat

PUCCH

N


oleObject38.bin

image18.wmf
1

repeat

PUCCH

>

N


oleObject39.bin

image19.wmf
repeat

PUCCH

N


oleObject1.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

image170.wmf
repeat

PUCCH

N


oleObject43.bin

image180.wmf
1

repeat

PUCCH

>

N


oleObject44.bin

image190.wmf
repeat

PUCCH

N


oleObject45.bin

oleObject46.bin

image2.wmf
i

D


oleObject47.bin

