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1. Introduction

In RAN#78 meeting, NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 had been approved [1 – 4]. In this contribution, we address some corrections to the current version of TS38.214 on DL/UL scheduling and HARQ management, and provide the text proposals for those corrections.
2. Correction to 38.214
2.1. PDSCH reception timing
It was agreed in RAN#78 to finalize the work to enable up to two different numerologies across CCs within a same PUCCH group in RAN1. It means that NR specification supports the cross-CC scheduling between the CCs with different numerologies for both DL (PDSCH) and UL (PUSCH). In the current version of TS38.214, for the UL scheduling case, a reference slot timing to apply the slot offset K2 for determination of the PUSCH transmission timing is specified with consideration of different numerologies between PDCCH and PUSCH. Specifically, the reference slot timing (based on PUSCH’s SCS) is set to the first slot overlapped with the slot (based on PDCCH’s SCS) with UL scheduling DCI. For the DL scheduling case, a reference slot timing to apply the slot offset K0 for determination of the PDSCH transmission timing is specified, but the case with different numerologies between PDCCH and PDSCH is not considered. For this case, similarly with the above UL scheduling case, the reference slot timing (based on PDSCH’s SCS) is set to the first slot overlapped with the slot (based on PDCCH’s SCS) with DL scheduling DCI. The following is the text proposal for the above correction.

█ Text Proposal
[…]

5.1.2.1
Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI, the Time-domain PDSCH resources field of the DCI provides a row index of an RRC configured table [pdsch-symbolAllocation], where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.

-
The slot allocated for the PDSCH is determined by K0 of the indexed row as 
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, where n is the slot with the scheduling DCI, K0 is based on the numerology of PDSCH, and

-
The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:
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The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 [4, TS 38.211] as given by the indexed row.

When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL consecutive slots not defined as UL by the slot format indication.

[…]

6.1.2.1
Resource allocation in time domain

 When the UE is scheduled to transmit PUSCH by a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of an RRC configured table [pusch-symbolAllocation], where the indexed row defines the slot offset K2, the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH reception.
-
The slot where the UE shall transmit the PUSCH is determined by K2 of the indexed row as 
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 where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and

-
The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:
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The PUSCH mapping type is set to Type A or Type B as defined in [38.211 Subclause 6.4.1.1.3] as given by the indexed row.

[…]

2.2. 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 the 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 the 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). In order to avoid potential/additional impacts on UE implementation for supporting this case, the current specification (e.g. N1 in case with the min (u1, u2)) is to be corrected to the approach in the above agreement (e.g. the max (T1 for u1, T2 for u2)). The following is the text proposal for the above correction.
█ Text Proposal
[…]

5.3
UE PDSCH processing procedure time

If the first symbol to carry the HARQ-ACK information starts no earlier than at symbol K1 the UE shall provide a valid HARQ-ACK message, where K1 is defined as the next uplink symbol with its CP starting after 
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 after the last symbol of the PDSCH carrying the TB being acknowledged. N1 is defined in tables 5.3-1 and 5.3-2 depending on UE capability, where 

-
N1 and K1 and 
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 are based on µDL of table 5.3-1 and table 5.3-2 that is one of µPDSCH and µPUCCH corresponding to the max (TPDSCH, TPUCCH) where TPDSCH is the absolute time of N1 based on µPDSCH and TPUCCH is the absolute time of N1 based on µPUCCH when the HARQ-ACK is to be transmitted on PUCCH, and is one of µPDSCH and µPUSCH corresponding to the max (TPDSCH, TPUSCH) where TPDSCH is the absolute time of N1 based on µPDSCH and TPUSCH is the absolute time of N1 based on µPUSCH when the HARQ-ACK is to be transmitted on PUSCH,




-
If HARQ-ACK is transmitted on PUCCH, then d1=0,
-
If the HARQ-ACK is transmitted on PUSCH, then d1=1.
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. 

Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24


Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
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	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	[2.5 - 4]
	[12]

	1
	[2.5 - 6]
	[12]


[…]

6.4
UE PUSCH preparation procedure time

If the first symbol in the PUSCH allocation, including the DM-RS, is no earlier than at symbol K2 the UE shall follow the scheduling DCI, where K2 is defined as the next uplink symbol with its CP starting after 
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 after the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where N2 is defined by tables 6.4-1 and 6.4-2 depending on UE capability, where

-
N2 and K2 and 
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 are based on µDL of table 6.4-1 and table 6.4-2 that is one of µPDCCH and µPUSCH corresponding to the max (TPDCCH, TPUSCH) where TPDCCH is the absolute time of N2 based on µPDCCH and TPUSCH is the absolute time of N2 based on µPUSCH,
-
If HARQ-ACK is not transmitted on PUSCH, then d1=0,
-
If the HARQ-ACK is transmitted on PUSCH, then d1=1.




-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2=0,
-
Otherwise d2=1. 

 Otherwise the UE may ignore the scheduling DCI. 

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
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	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36


Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
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	PUSCH preparation time N2 [symbols]

	0
	[2.5-6]

	1
	[2.5-6]


[…]

3. Reference

[1] 3GPP TS38.211 V2.0.0 (2017-12): “NR; Physical channels and modulation”.

[2] 3GPP TS38.212 V2.0.0 (2017-12): “NR; Multiplexing and channel coding”.

[3] 3GPP TS38.213 V2.0.0 (2017-12): “NR; Physical layer procedures for control”.
[4] 3GPP TS38.214 V2.0.0 (2017-12): “NR; Physical layer procedures for data”.

_1577100847.unknown

_1577107956.unknown

