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1. Introduction

In RAN#79 meeting, RAN1 specifications of release 15.1.0 for NR have been approved [1]. Still, definitions of UL power control timing is missing in the latest specifications, which is essential part for the correct UL power control operation. 
In RAN1#92bis meeting [2], the following candidate proposal was discussed regarding TPC application timing with group common TPC DCI, that is, DCI format 2-2.

	Conclusion

For further discussion in RAN1#93

· K value for group common TPC is the minimum of the configured K2 values plus one.

· Applies for both PUCCH, PUSCH, SRS


In this contribution, we suggest how to define UL power control timing with DCI format 2-2 for PUSCH/PUCCH/SRS in RAN1 specifications.
2. Uplink power control timing
In section 7.1.1 of TS38.213 [3], timing for the application of TPC command for PUSCH is described as follows.

	· For the PUSCH power control adjustment state for UL BWP 
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 of carrier 
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[image: image3.wmf]c
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is a correction value, also referred to as a TPC command, and is included in a PDCCH with DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission period 
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 on UL BWP 
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 of carrier 
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 of serving cell 
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 or jointly coded with other TPC commands in a PDCCH with DCI format 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI that is last received by the UE prior to the PUSCH transmission;
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 is the PUSCH power control adjustment state for UL BWP 
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 of carrier 
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 of serving cell 
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 and PUSCH transmission period 
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 if accumulation is enabled based on the parameter Accumulation-enabled provided by higher layers, where
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is the PUSCH power control adjustment state for UL BWP 
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 of carrier 
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 of serving cell 
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 and PUSCH transmission period 
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 if accumulation is not enabled based on the parameter Accumulation-enabled provided by higher layers, where


In the above, 
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is correction value indicated by TPC command in PDCCH which schedules the corresponding PUSCH or TPC command in PDCCH with TPC-PUSCH-RNTI.

For the case of TPC command in PDCCH which schedules the corresponding PUSCH, the text seems to implicitly mean that 
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 is calculated as timing difference between the PDCCH and PUSCH.

On the other hand, for the case of TPC command in DCI format 2-2 with TPC-PUSCH-RNTI, definition of 
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 is unclear since there is no PUSCH which is scheduled by PDCCH with TPC-PUSCH-RNTI.

In our discretion, it is simple and efficient way to define the power control timing based on the UE’s minimum processing time for PUSCH, that is, as the latest slot which guarantees UE’s minimum PUSCH processing time, 
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 as defined in section 6.4 of TS 38.214 [3]. Another similar way is to define the power control timing based on the minimum K2 value among the configured K2 values. During the discussion in RAN1#92bis, additional one slot offset in addition to the minimum K2 value was discussed. However, it is unclear why the additional offset is necessary since the configured minimum K2 value should already guarantee the UE’s decoding time of PDCCH and preparation time of the corresponding PUSCH transmission.
Proposal 1: For the case of TPC command in DCI format 2-2 with TPC-PUSCH-RNTI, especially for the slot-based scheduling, define power control timing 
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 based on the minimum PUSCH processing time, N2 or configured minimum DCI to PUSCH delay, K2.
In section 7.2.1 of TS38.213 [3], timing for the application of TPC command for PUCCH is described as follows.

	· For the PUCCH power control adjustment state for UL BWP 
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 of carrier 
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 and PUCCH transmission period 
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 is a correction value, also referred to as a TPC command, and is included in a PDCCH with DCI format 1_0 or DCI format 1_1 for UL BWP 
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 of carrier 
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 of the primary cell 
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 that the UE detects in PUCCH transmission period 
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, or jointly coded with other TPC commands in a PDCCH with DCI format 2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI [5, TS 36.212], and  
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 if the UE is provided higher layer parameter num-pucch-pcadjustment-states and 
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 is the current PUCCH power control adjustment state and 
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In the above, 
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 value is not defined for either PDCCH with DCI format 1_0/1_1 or PDCCH with TPC-PUCCH-RNTI.

In our discretion, since application of power control command to any physical channel may not require much processing times, simple approach is to apply same definition for the case of PDCCH with TPC-PUSCH-RNTI. Furthermore, it should be noted that even for the case where gNB hasn’t yet acquired UE’s processing time capability, the same approach can be applied without any exceptional handling of power control timing since there will be no big problem even if the gNB doesn’t know exact timing of TPC application during the UE’s RRC connection set up.
Proposal 2: For the case of TPC command in PDCCH with DCI format 1_0/1_1 or PDCCH with DCI format 2-2 with TPC-PUCCH-RNTI, define power control timing 
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 same as the case of DCI format 2-2 with TPC-PUSCH-RNTI.

In section 7.3.1 of TS38.213 [3], timing for the application of TPC command for SRS is described as follows.

	· For the SRS power control adjustment state for UL BWP 
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 of carrier 
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 of serving cell 
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 and SRS transmission period 
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 is the current PUSCH power control adjustment state as described in Subclause 7.1.1, if higher layer parameter srs-pcadjustment-state-config indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions; or

· 
[image: image46.wmf])

(

)

1

(

)

(

SRS

,

,

SRS,

,

,

,

,

K

i

i

h

i

h

c

f

b

c

f

b

c

f

b

-

+

-

=

d

 if the UE is not configured for PUSCH transmissions on UL BWP 
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 of carrier 
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 of serving cell 
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, 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 
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 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 and accumulative values of 
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 are provided in Table 7.1.1-1, where
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 if the UE is not configured for PUSCH transmissions on UL BWP 
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 of carrier 
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 of serving cell 
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, 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 not enabled based on the parameter Accumulation-enabled-srs provided by higher layers, 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 and absolute values of 
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 are provided in Table 7.1.1-1, where


In the above, 
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 value is not defined for PDCCH with TPC-SRS-RNTI.

In our discretion, since application of power control command to any physical channel may not require much different processing times, simple approach is to apply same definition for the case of PDCCH with TPC-PUSCH-RNTI.
Proposal 3: For the case of TPC command in DCI format 2-2 with TPC-SRS-RNTI, define power control timing 
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 same as the case of DCI format 2-2 with TPC-PUSCH-RNTI.

3. Conclusions
In this contribution, we suggested essential corrections or clarifications on the uplink power control part of RAN1 specifications.
The suggestions are summarized as follows.
Proposal 1: For the case of TPC command in DCI format 2-2 with TPC-PUSCH-RNTI, especially for the slot-based scheduling, define power control timing 
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 based on the minimum PUSCH processing time, N2 or configured minimum DCI to PUSCH delay, K2.

Proposal 2: For the case of TPC command in PDCCH with DCI format 1_0/1_1 or PDCCH with DCI format 2-2 with TPC-PUCCH-RNTI, define power control timing 
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 same as the case of DCI format 2-2 with TPC-PUSCH-RNTI.

Proposal 3: For the case of TPC command in DCI format 2-2 with TPC-SRS-RNTI, define power control timing 
[image: image61.wmf]SRS
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 same as the case of DCI format 2-2 with TPC-PUSCH-RNTI.
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