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1. Introduction

In this contribution, we discuss the remaining issues on DL/UL scheduling and HARQ operation in NR, in terms of DL control signalling for cross-CC scheduling between different numerology and UL power control by TPC command in UE group-common PDCCH.
2. Remaining issues on scheduling and HARQ
2.1. Cross-CC scheduling with mixed numerology
In RAN#78 meeting, it was agreed to support up to 2 different numerologies within a same PUCCH group, and regarding this, following two cases need to be considered for cross-CC scheduling between the CCs with different sub-carrier spacing (SCS). 
1) Case 1: DCI in Cell 1 with smaller SCS (or longer slot) schedules DL/UL data in Cell 2 with larger SCS (or shorter slot) as shown in Figure 1(a)
2) Case 2: DCI in Cell 1 with larger SCS (or shorter slot) schedules DL/UL data in Cell 2 with smaller SCS (or longer slot) as shown in Figure 1(b) 
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Figure 1: Examples of cross-CC scheduling between the CCs with different numerology
For Case 1, multiple short data slots are scheduled from one long DCI slot, and for this, the UE may be required to detect multiple scheduling DCIs each of which schedules individual data slot from a single CORESET or search space. In this case, considering UE capability/implementation in terms of (parallel) DL/UL data (and corresponding multiple DL/UL grant PDCCHs) decoding/encoding processing for multiple HARQ processes, it may need to consider limiting the maximum number of DL/UL scheduling DCIs detected via a single CORESET or search space for a same UE. 

For Case 2, one long data slot is scheduled from one of multiple short DCI slots, and for this, the short slot conveying the DCI to schedule the long data slot can be predefined or variable with consideration of DL control resource flexibility. In this case, considering UE capability/implementation in terms of DL data buffering processing before decoding the scheduling DCI, it may need to consider restricting the location of the slot allowable for the DCI transmission (relative to the corresponding DL data transmission).
Proposal 1: Following two cases of cross-CC scheduling between the CCs with different numerology are to be supported with consideration of UE processing complexity.
1) Case 1: Cell 1 with smaller SCS (or longer slot) schedules Cell 2 with larger SCS (or shorter slot) where the maximum number of DL/UL scheduling DCIs for a same UE detected via single CORESET or search space is limited.

2) Case 2: Cell 1 with larger SCS (or shorter slot) schedules Cell 2 with smaller SCS (or longer slot) where the slot location allowable for the DCI transmission (relative to the corresponding DL data transmission) is restricted.
Moreover, for the above Case 1 where multiple DL grant PDCCHs to schedule a same CC could be transmitted/detected via a same CORESET or search space, counting rule of DAI value for dynamic HARQ-ACK codebook may need to be defined between the multiple DL grant PDCCHs based on, for example, index of PDCCH CCE or PDSCH slot or PDSCH symbol.

Proposal 2: It is necessary to define counting rule of DAI value (for dynamic HARQ-ACK codebook) for the multiple DL grant PDCCHs to schedule a same CC transmitted via a same CORESET or search space.
2.2. UL power control by TPC command in PDCCH
In RAN#79 meeting, RAN1 specifications of release 15.1.0 for NR have been approved. However, definitions of UL power control timing (for PUSCH/PUCCH/SRS) is missing in the latest specifications, which is essential part for the correct UL power control operation. First of all, in section 7.1.1 of TS38.213 [1], timing for the application of TPC command for PUSCH is described as follows.
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[image: image3.wmf]b

 of carrier 
[image: image4.wmf]f

 of serving cell 
[image: image5.wmf]c

 in PUSCH transmission period 
[image: image6.wmf]i


· 
[image: image7.wmf])

,

(

PUSCH

,

,

PUSCH,

l

K

i

c

f

b

-

d

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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 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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 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 indicates 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 PDCCH 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 as 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 [2].
Proposal 3: For the case of TPC command in PDCCH with TPC-PUSCH-RNTI, especially for the slot-based scheduling, define power control timing 
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 as to indicate the latest slot which guarantees UE’s minimum PUSCH processing time, that is, N2.
Moreover, in section 7.2.1 of TS38.213 [1], timing for the application of TPC command for PUCCH is described, but (similarly with the above PUSCH case) 
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 value is not defined for either PDCCH with DCI format 1_0/1_1 or PDCCH with TPC-PUCCH-RNTI. Similarly, in section 7.3.1 of TS38.213 [1], timing for the application of TPC command for SRS is described, but 
[image: image28.wmf]SRS

K

 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. 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 4: Define the following power control timing same as the case of PDCCH with TPC-PUSCH-RNTI. 

1) Power control timing 
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 for the case of TPC command in PDCCH with DCI format 1_0/1_1 or PDCCH with TPC-PUCCH-RNTI
2) Power control timing 
[image: image30.wmf]SRS

K

 for the case of TPC command in PDCCH with TPC-SRS-RNTI
3. Conclusions
In this contribution, the remaining issues on DL/UL scheduling and HARQ operation were discussed, and finally we propose the followings.
Proposal 1: Following two cases of cross-CC scheduling between the CCs with different numerology are to be supported with consideration of UE processing complexity.
1) Case 1: Cell 1 with smaller SCS (or longer slot) schedules Cell 2 with larger SCS (or shorter slot) where the maximum number of DL/UL scheduling DCIs for a same UE detected via single CORESET or search space is limited.

2) Case 2: Cell 1 with larger SCS (or shorter slot) schedules Cell 2 with smaller SCS (or longer slot) where the slot location allowable for the DCI transmission (relative to the corresponding DL data transmission) is restricted.

Proposal 2: It is necessary to define counting rule of DAI value (for dynamic HARQ-ACK codebook) for the multiple DL grant PDCCHs to schedule a same CC transmitted via a same CORESET or search space.
Proposal 3: For the case of TPC command in PDCCH with TPC-PUSCH-RNTI, especially for the slot-based scheduling, define power control timing 
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 as to indicate the latest slot which guarantees UE’s minimum PUSCH processing time, that is, N2.
Proposal 4: Define the following power control timing same as the case of PDCCH with TPC-PUSCH-RNTI. 

1) Power control timing 
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 for the case of TPC command in PDCCH with DCI format 1_0/1_1 or PDCCH with TPC-PUCCH-RNTI
2) Power control timing 
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 for the case of TPC command in PDCCH with TPC-SRS-RNTI
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