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1. Introduction

In RAN1 NR-AH 1801 meeting, the following agreements were made related to DL/UL scheduling and HARQ operation in NR [1]. 

	Agreements:

· For PDSCH transmission before RRC connection, the set of timing values K1 between PDSCH and HARQ-ACK is

· Defined in specification to use values {1,2,3,4,5,6,7,8}

· Note: the values should take into account the UE minimum timing requirements agreed in initial access

· For PDSCH scheduled by fallback DCI, the set of timing values K1 between PDSCH and HARQ-ACK is

· Defined in specification to use values {1,2,3,4,5,6,7,8}

Agreements:

· The set of K1 slot-timing values which are configurable in RRC at least includes the set

· {0,1,2,3,4,5,6,7,8}

· Some of the 16 available RRC values may be reserved 

Agreements:

· Upon detection of a DL SPS PDSCH in slot n, UE transmits HARQ-ACK in slot n+k when there is no contradicting semi-static configuration, where k is given by the PDSCH-to-HARQ-timing-indicator field carried in the activation DCI for the DL SPS process.

· FFS: how to handle the case when the semi-static configuration conflicts at slot n+k

· FFS: how to handle the case with dynamic SFI

· The contradicting semi-static configuration is defined as when there is at least one semi-statically configured DL symbol overlaps with the symbol(s) carrying HARQ-ACK in slot n+k

Agreements:

· The number of HARQ processes configurable in RRC for unicast PDSCH per cell for a UE includes the set of integers {2,4, 6, 8,10,12,16}

· 4-bits are provided in fallback and non-fallback DCI for addressing the HARQ process regardless of configuration

· UE does not expect DCI to address process ID larger than number of HARQ processes configured in RRC

· Further discussion offline on the number of HARQ processes assumed by the UE before RRC configuration

· FFS the number of HARQ processes for PUSCH is fixed at 16

Agreements:

· The UE is not expected to transmit or receive any TB across slot boundaries, where the slot boundary is determined by the numerology associated with the transmission or the reception

· For the case of TB repetition, each repetition of the TB does not cross slot boundaries

Agreements:

· The number of HARQ processes for dynamic scheduling of PUSCH is fixed at 16

· Note: some of processes may be used for grant-free operation

Agreements:

· For each HARQ process ID, the UE is not expected to receive a scheduled unicast PDSCH transmission with the same HARQ process ID until

· The time after the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID

· FFS the time condition under which soft combinining for the same HARQ process ID can be assumed


In this contribution, we address and discuss the remaining issues on DL/UL scheduling and HARQ operation in NR, in terms of the UE processing time, HARQ process number and HARQ-ACK timing, and cross-CC scheduling between the CCs with different numerology.
2. Remaining issues on scheduling and HARQ
2.1. PDSCH/PUSCH processing time
In RAN1#91 meeting, the following was agreed to define the UE processing time for PDSCH/PUSCH in mixed numerology case. According to this agreement, the UE processing time between PDSCH with SCS u1 and PUCCH with SCS u2 (or between PDCCH with u1 and PUSCH with u2) is defined as max(T1, T2) where T1 or T2 is the absolute time of N1 in case with single SCS u1 or u2 for both PDSCH and PUCCH (or for both PDCCH and PUSCH). 
	Agreement:
· For mixed numerology case, the UE processing time needed between the end of PDSCH reception (with SCS u1) and start of PUCCH transmission (with SCS u2) is max(T1, T2), where 
· T1 = N1_1 x S1, N1_1 is the processing time in the single numerology with SCS u1 and S1 is the symbol duration of SCS u1; 

· T2 = N1_2 x S2, N1_2 is the processing time in the single numerology with SCS u2 and S2 is the symbol duration of SCS u2;

· For mixed numerology case, the UE processing time needed between the end of PDCCH reception  (with SCS u1) and start of PUSCH transmission (with SCS u2) is max(T1, T2), where 
· T1 = N2_1 x S1, N2_1 is the processing time in the single numerology with SCS u1 and S1 is the symbol duration of SCS u1; 

· T2 = N2_2 x S2, N2_2 is the processing time in the single numerology with SCS u2 and S2 is the symbol duration of SCS u2;


In the current version of TS38.214, on the other hand, the UE processing time between PDSCH with SCS u1 and PUCCH with SCS u2 is specified as just N1 in case with single SCS of min(u1, u2) for both PDSCH and PUCCH. However, according to the discussion and agreement in RAN1#90bis meeting, it would be possible in UE implementation that N1 (or N2) for different SCS is based on different processing capability (e.g. 1 or 2), i.e., different processing time table (e.g. baseline or aggressive). For example, a UE can indicate N1=10 for 30 KHz based on Table 5.3-1 (with baseline processing capability) and N1=4 for 15 KHz based on Table 5.3-2 (with aggressive processing capability). As another example, a UE can indicate N1=6 for 30 KHz based on Table 5.3-2 (with aggressive processing capability) and N1=20 for 60 KHz based on Table 5.3-1 (with baseline processing capability). 

In order to avoid potential/additional impacts on UE processing implementation for supporting this mixed numerology case, the current specification (e.g. determination of N1 corresponding to the SCS of min(u1, u2)) should be corrected to the approach in the above agreement (e.g. determination of N1 corresponding to max(T1 for u1, T2 for u2)). 
Proposal 1: The UE processing time between PDSCH with SCS u1 and PUCCH with SCS u2 (or between PDCCH with u1 and PUSCH with u2) should be defined as max(T1, T2) based on the agreement in RAN1#91, where T1 or T2 is the absolute time of N1 in case with single SCS u1 or single SCS u2 for both PDSCH and PUCCH (or for both PDCCH and PUSCH).

2.2. Default parameters for HARQ operation
In RAN1 NR-AH meeting, it was agreed to support {2, 4, 6, 8, 10, 12, 16} as the configurable values for the maximum number of DL HARQ processes, and it was concluded to discuss further on the (default) number of DL HARQ processes assumed by the UE before RRC configuration. Considering that at most one or two DL HARQ process would be sufficient for scheduling of the UE before configuring the parameters related to PDSCH transmission and/or before reporting the UE’s capabilities to the gNB, it is reasonable to predefine the default maximum number of DL HARQ processes as the minimum (i.e., 2) among the configurable values for DL HARQ process number. 
Proposal 2: Default maximum number of DL HARQ processes before RRC configuration is predefined to 2 which is the minimum among the configurable values for DL HARQ process number.

Moreover, it was agreed in the RAN1 NR-AH to define {1, 2, 3, 4, 5, 6, 7, 8} as the (default) set of K1 timing values between PDSCH and HARQ-ACK for the PDSCH scheduled before RRC connection and the PDSCH scheduled by fallback DCI. Considering that the motivation to apply a fixed (non-configurable) K1 timing set for the PDSCH scheduled by fallback DCI is RRC reconfiguration handling, it is desirable to apply the default K1 timing set only for the PDSCH transmitted in Pcell scheduled by fallback DCI, while K1 timing set is configurable for the PDSCH transmitted in Scell scheduled by fallback DCI in order for supporting (or maximizing) HARQ timing flexibility.
Proposal 3: Default set of K1 timing values {1, 2, 3, 4, 5, 6, 7, 8} is applied only for the PDSCH transmitted in Pcell scheduled by fallback DCI while the set of K1 timing values is configurable for the PDSCH transmitted in Scell scheduled by fallback DCI.

2.3. 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) 

[image: image1.emf]slot#n2

slot#n1

. . .

. . .

DL scheduling grant UL scheduling grant

Cell 

1

Cell 

2

DL scheduling grant

(a)



[image: image2.emf]slot#n2

slot#n1

. . .

. . .

UL scheduling grant DL scheduling grant DL scheduling grant

Cell 

1

Cell 

2

(b)


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 4: 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.
3. Conclusions
In this contribution, the remaining issues on DL/UL scheduling and HARQ operation were discussed, and finally we propose the followings are finally proposed.
Proposal 1: The UE processing time between PDSCH with SCS u1 and PUCCH with SCS u2 (or between PDCCH with u1 and PUSCH with u2) should be defined as max(T1, T2) based on the agreement in RAN1#91, where T1 or T2 is the absolute time of N1 in case with single SCS u1 or single SCS u2 for both PDSCH and PUCCH (or for both PDCCH and PUSCH).
Proposal 2: Default maximum number of DL HARQ processes before RRC configuration is predefined to 2 which is the minimum among the configurable values for DL HARQ process number.
Proposal 3: Default set of K1 timing values {1, 2, 3, 4, 5, 6, 7, 8} is applied only for the PDSCH transmitted in Pcell scheduled by fallback DCI while the set of K1 timing values is configurable for the PDSCH transmitted in Scell scheduled by fallback DCI.
Proposal 4: 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.
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