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1 Introduction
This document addresses the remaining issues on HARQ management, including HARQ processing time, and dynamic HARQ-ACK codebook determination. 
2 HARQ processing time and scheduling
The processing time values of (N1, N2) for capability #1 for slot based scheduling have been confirmed. There are following leftover issues on processing time and scheduling:
· The processing time values of (N1,N2) for capability #2 for both slot based and non-slot based scheduling
· The processing time for retransmission
· The UE procedure for out of HARQ order
The following sections give our views on these issues.
2.1 HARQ processing time for capability #2
According to the survey of the proposals from companies shown in following table [1], the values of HARQ processing time capability #2 from different vendors are converged.
Table 1.Survy of values on UE processing time capability #2

	Configuration
	Reference
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	Huawei
R1-1719401
	N1
	Symbols
	3
	5

	
	MTK
R1-18000163
	N1
	Symbols
	4
	5

	
	QC
R1-1800876
	N1
	Symbols
	2.5
	2.5

	
	Samsung
R1-1800452
	N1
	Symbols
	3
	5

	Front-loaded + additional DMRS
	Huawei
R1-1719401
	N1
	Symbols
	13
	13

	
	MTK
R1-1800163
	N1
	Symbols
	13
	13

	
	QC
R1-1800876
	N1
	Symbols
	12
	12

	
	Samsung
R1-1800452
	N1
	Symbols
	12
	12

	Frequency-first RE-mapping
	Huawei
R1-1719401
	N2
	Symbols
	4
	6

	
	MTK
R1-1800163
	N2
	Symbols
	5
	6

	
	QC
R1-1800876
	N2
	Symbols
	2.5
	2.5

	
	Samsung
R1-1800452
	N2
	Symbols
	5.5
	5.5


One of the original intentions for UE processing capability#2 is to support ultra fast turn-round HARQ operation within e.g. one slot. From the above, it is observed that given certain conditions/scenarios all reported values for N1 (or N2 when UCI on PUSCH is implemented) under front-loaded RS only case can support such an operation. From deployment and use cases perspective there is no much difference among each other’s report. Take the SFI=28 as an example, the following figure shows the difference for N1=2.5, 3 and 5. The only difference for N1=2.5 and N1=3 and 5 is that additional 0.5OS or 2OS will be introduced for N1=3 and 5 than N1=2.5 if the TA is less than 0.5OS. If TA=1OS, then there is no difference for N1=2.5 or N1=3. Since TA is not considered as a condition for UE processing time, a value that not dependent on deployment scenario and TA configuration such that no restriction on scheduling flexibility is expected in the specification. Also, it should be noted that the results are highly impacted by implementation. And further reduction of 0.5OS level may also increase UE cost. The same observation can be made for N2 and other SFIs. 


[image: image1.emf]D D D D D D D D D D D D U

U

U

N1=2.5 or 3

N1=5

SFI=28

N1=2.5 Or 3

N1=5

D1 D2

D1 D2


Figure 1. Scheduling example for N1=2.5, 3 and 5.

So we propose to take the following values as the UE HARQ processing capability 2.

Proposal 2-1: Take the following change on the processing capability 2.
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]3
	[12]13

	1
	[2.5-6]5
	[12]13


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

	0
	[2.5-4]5

	1
	[2.5-6]6


2.2 Processing time for non-slot based scheduling
The N1 is defined as the number of OFDM symbols from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective. Based on the frame structure, in some cases data processing can be done in parallel with PDSCH reception and in some other cases it cannot, since the operations including e.g. the processing for PDCCH, the demodulation operations for symbols other than the last symbol of PDSCH, the decoding for most of CBs other than the CBs carried in the last one or several symbols, can be handled in parallel with the PDSCH reception. This could result in the case that an N1 value for slot-based scheduling may be even smaller than that for non-slot based scheduling, as shown in Figure 2 and Figure 3 respectively. 
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Figure 2. Processing time for conditions: front-loaded DMRS only, slot-based scheduling, and 15kHz SCS
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Figure 3. Processing time for conditions: 2-OS length scheduling, 15 kHz SCS
Also, the agreed baseline UE processing time capability is based on very specific conditions. As commonly understood, the values would change as the conditions change, including data mapping type or the scheduling granularity (slot or non-slot based). A consequent example is for slot based scheduling with SCS 15kHz and without additional DMRS case, N1 for one UE can be 3 belonging to capability #2, while for 2-OS length scheduling with SCS 15kHz, the N1 for the same UE can be 8 which belonging to capability #1. So the HARQ processing time capability signaling for slot-based and non-slot based should be reported separately. 
Proposal 2-2: UE processing capability (N1, N2) for slot-based scheduling and non-slot based scheduling are reported separately. 
2.3 Processing time for retransmission
The conditions for processing time evaluation may be changed dynamically. Currently, there is no limitation for the transmission/retransmission scheduling. There is case that the initial transmission is slot-based scheduling while the retransmission is non-slot based scheduling as shown in the following figure. In the following example, assume SCS=15 kHz. D1 is a slot-based DL scheduling with front-loaded DMRS only. D2 is a non-slot based scheduling. Assume UE reports N1 for slot based scheduling is capability #1 which is 3OS and for 2-OS based scheduling is capability #2 which is 8 OS. 8. If D2 is the initial transmission, then N1 for D2 is calculated using the equation (2-2), which is copied here for convenience. 
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However, if D2 is the retransmission of D1, then we need to perform the decoding of a TB with 14-OS length instead of 2-OS length. The N1 for retransmission is shown as following:
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                 (2-3)

That means for same conditions, the processing time for initial transmission and retransmission are different. 
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Figure 4. N1 for retransmission
To resolve this problem, one way is to keep the same scheduling conditions for initial transmission and retransmission. This may limit the scheduling flexibility. Another way is to relax the N1 values for retransmission. To save the work load for evaluation, N1 can take the maximum value in absolute time for all cases. 

Proposal 2-3: For retransmission, gNB should assume the processing time to be the maximum values in absolute time among all conditions.
2.4 Out of HARQ order
Normally, there is only limited number of demodulator and decoder for single CC at UE side. Assuming UE can handle only one DL unicast grant per CC. When UE is receiving a PDSCH D1, UE cannot use the same resource to handle another PDSCH D2 unless the current processing is interrupted or the next processing is hanged up. If the current processing is interrupted, for example, the PDSCH D2 is for URLLC and PDSCH D1 is for eMBB, UE may be not expected to feedback ACK for D1. If the processing for D2 is hanged up, then the transmission opportunity of ACK/NACK of D2 should consider the additional waiting time. The following figure gives an example. N1 for D2 is less than N1 for D1. And gNB schedules ACK/NACK for D2 earlier than ACK/NACK for D1. In this case, gNB may not expect an ACK from UE for D1.
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Figure 4. One example of out-of HARQ order
The following figure gives another example. When UE is receiving D1 with one slot length and a URLLC PDSCH D2 for the same UE is scheduled, and the feedback for D2 is earlier than D1, then UE has to discard the previous processing on D1 and begin to receive the urgent new PDSCH D2. In this case, gNB shall not expect an ACK from UE for D1. 
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Figure 4. An example of out-of HARQ order
In the following figure, if UE is scheduled as CASE 1, then gNB may not expect an ACK for D1. If UE is scheduled as CASE 2, then gNB can expect an ACK for D1 even if the feedback of D2 is earlier than feedback of D1.
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Figure 5. Conditions for out-of-HARQ order scheduling
Overall to simplify the specification we have
Proposal 2-4: For any two continuous unicast PDSCH transmissions from one cell to the same UE, where the order in time of expected HARQ feedbacks for both PDSCHs is different from the order in time of the two PDSCHs, the UE may not provide an valid HARQ-ACK for the earlier PDSCH if without leaving sufficient time for processing both PDSCH transmissions.
3 HARQ-ACK codebook determination
3.1 Type-1 HARQ-ACK codebook determination
At RAN1#91, for semi-static HARQ-ACK codebook determination, it was agreed that the DL association set is determined based on the configured set of HARQ-ACK timings. Besides, it was also agreed that the configuration of the set of values of K1 for a UE is BWP-specific. Therefore, when considering semi-static codebook determination, a UE should determine a number of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1 based on a number of possible slot timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement for each configured BWP, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH. Therefore, we have the following proposal and corresponding text proposal in the Appendix.
Proposal 3-1: A UE should determine a number of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1 based on a number of possible slot timing values provided to a UE by higher layer parameter for every configured BWP.
According to TS 38.213 Section 9.1.2, if a UE is configured with semi-static HARQ codebook, the UE will determine a set of 
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 occasions for candidate PDCCH receptions based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each control resource set. However, as described in TS 38.213 Section 10.1, the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern are configured per search space instead of configured per CORESET. Therefore multiple monitoring periodicities and monitoring offsets may be needed for determining semi-static HARQ codebook. Thus we have the following proposal and corresponding text proposal in the Appendix.
Proposal 3-2: A UE determines occasions for candidate PDCCH receptions, which is used to determine semi-static HARQ codebook, based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern for each search space within each configured CORESET within a slot.

In addition, according to the descriptions in TS 38.213 Section 9.1.2, if a UE is configured with semi-static HARQ codebook, the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH only for PDCCH with DCI format 1_0 and DCI format 1_1. Similar to the type-2 HARQ-ACK codebook determination, the HARQ-ACK for SPS PDSCH should also be considered in the type-1 HARQ-ACK codebook determination. Thus we have the following proposal and corresponding text proposal in the Appendix.
Proposal 3-3: For type-1 HARQ-ACK codebook determination, if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the monitoring occasions, an additional bit is attached to HARQ-ACK codebook for HARQ-ACK bit associated with the SPS PDSCH reception.
3.2 Type-2 HARQ-ACK codebook determination
At RAN1 #91, the following was agreed for dynamic HARQ-ACK transmission on PUSCH. 
Agreement:

· For dynamic HARQ-ACK codebook, for UCI piggyback on PUSCH, use DAI_counter in DL assignment and UL DAI in UL grant. HARQ-ACK codebook size is determined by UL DAI and DAI_counter. 

· In case of single HARQ-ACK codebook, the single UL DAI field of 2 bits is included in UL grant. 

· In case of two HARQ-ACK sub-codebooks (1 for CBG based HARQ-ACK and 1 for TB based HARQ-ACK) two UL DAI fields each of two bits are included in UL grant.  

· Note: in CA, DAI_total is included in the DL assignment.
In 38.213 section 9.1.3, the following was captured corresponding to the above agreement. 

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook in the same manner as when the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, as described in Subclause 9.1.3.1, with the following modifications:
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[image: image13.wmf]1

0

-

<

£

M

m

, 
[image: image14.wmf]Æ

=

-

DL

m

DAI

T

V

,

 and for 
[image: image15.wmf]1

-

=

M

m

, 
[image: image16.wmf]DL

m

DAI

T

V

,

-

 is replaced by 
[image: image17.wmf]UL

m

DAI

T

V

,

-

 where 
[image: image18.wmf]UL

m

DAI

T

V

,

-

 is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2;
· For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook;
According to the current description, T-DAI in DL assignment is not used for 
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 to identify the total number of HARQ-ACK bits. However, in the following example as shown in Figure 8, the above scheme not using T-DAI can have error case when UE misses last two DCIs in occasion m=0 and first two DCIs in occasion m=1. As a result, relying on only UL-DAI and C-DAI, UE would determine the total number of HARQ-ACK bits for the dynamic codebook as 5 assuming single codeword transmission. Instead, when UE jointly use C-DAI, T-DAI and UL-DAI, UE can detect the above DCI missing case and would determine the total number of HARQ-ACK bits for the dynamic codebook as 9. Moreover, T-DAI is anyway present in the DL assignment which can be used without any additional cost. Therefore, we have following proposal and the corresponding text proposal in the Appendix.  
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Figure 6. An example of dynamic codebook for HARQ-ACK on PUSCH
Proposal 3-4: Jointly use C-DAI, T-DAI and UL-DAI to determine the dynamic HARQ-ACK codebook for HARQ-ACK transmission on PUSCH. 
4 Conclusions
In this contribution, we show our views on remaining HARQ issues. On HARQ processing time, the following proposals are made:
Proposal 2-1: Take the following change on the processing capability 2.
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]3
	[12]13

	1
	[2.5-6]5
	[12]13


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

	0
	[2.5-4]5

	1
	[2.5-6]6


Proposal 2-2: UE processing capability (N1, N2) for slot-based scheduling and non-slot based scheduling are reported separately. 
Proposal 2-3: For retransmission, gNB should assume the processing time to be the maximum values in absolute time among all conditions.
Proposal 2-4: For any two continuous unicast PDSCH transmissions from one cell to the same UE, where the order in time of expected HARQ feedbacks for both PDSCHs is different from the order in time of the two PDSCHs, the UE may not provide an valid HARQ-ACK for the earlier PDSCH if without leaving sufficient time for processing both PDSCH transmissions.
On HARQ codebook determination, the following proposals are made:

Proposal 3-1: A UE should determine a number of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1 based on a number of possible slot timing values provided to a UE by higher layer parameter for every configured BWP.
Proposal 3-2: A UE determines the PDCCH monitoring occasion(s), which is used to determine semi-static HARQ codebook, based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern for each search space in each configured CORESET within a slot. 

Proposal 3-3: For type-1 HARQ-ACK codebook determination, if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the monitoring occasions, an additional bit is attached to HARQ-ACK codebook for HARQ-ACK bit associated with the SPS PDSCH reception.
Proposal 3-4: Jointly use C-DAI, T-DAI and UL-DAI to determine the dynamic HARQ-ACK codebook for HARQ-ACK transmission on PUSCH. 
The text proposals for the above mentioned are attached.
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< Unchanged parts are omitted >
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. For initial transmission, N1 is defined in tables 5.3-1 and 5.3-2 depending on UE capability and separately reported for slot based scheduling and non-slot based scheduling respectively; for retransmission, N1 is defined as the maximum values in absolute time among tables 5.3-1, where 

-
N1 and K1 are based on µ of table 5.3-1 that corresponds to the min (µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted

-
If µUL < µDL then 
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-
If HARQ-ACK is transmitted on PUCCH, then d1=0,
-
If HARQ-ACK is transmitted on PUSCH, then d1=1.
Otherwise the UE may not provide a valid HARQ-ACK corresponding to the scheduled PDSCH. 
For any two continuous unicast PDSCH transmissions from one cell to the same UE, where the order in time of expected HARQ feedbacks for both PDSCHs is different from the order in time of the two PDSCHs, the UE may not provide an valid HARQ-ACK for the earlier PDSCH if without leaving sufficient time for processing both PDSCH transmissions.
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
	3
	13

	1
	5
	13

	2
	N/A
	

	3
	N/A
	


< Unchanged parts are omitted >
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  
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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 and separately reported for slot-based scheduling and non-slot-based scheduling respectively, where

-
N2 and K2 are based on the numerology of the PUSCH to be transmitted, 

-
If µUL < µDL then 
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-
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
	5

	1
	6

	2
	N/A

	3
	N/A


< Unchanged parts are omitted >
-------------------------------------------- End of Tex Proposal ----------------------------------------------

TS 38.213
------------------------------------------ Start of Text Proposal ----------------------------------------------
9.1.2.1
Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving cell 
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 and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of 
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 occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH or a PUSCH in slot 
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. The determination is based:

a) on a set of slot timing values 
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 provided by the union of the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} when scheduling is by DCI format 1_0 and the slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for scheduling with DCI format 1_1; and
b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation and defining respective sets of slot offsets 
[image: image38.wmf]0
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, start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and
c) when provided, on higher layer parameter UL-DL-configuration-common and higher layer parameter UL-DL-configuration-dedicated as described in Subclause 11.1; and
d) on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a slot for each search space within each control resource set in the set of control resource sets configured as described in Subclause 10.1.

---------------------------------------- Unchanged parts omitted --------------------------------------------
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE shall determine 
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 HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. 
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 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 on serving cell 
[image: image48.wmf]c

,
if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF, 
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 is a monitoring occasion for PDCCH with DCI format 1_1, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks on serving cell 
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 = HARQ-ACK bit corresponding to a second transport block of this cell;
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elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in serving cell 
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elseif CBG-DL = ON, and 
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If SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the 
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 monitoring occasions, an additional bit is attached to HARQ-ACK codebook for HARQ-ACK bit associated with the SPS PDSCH reception.
---------------------------------------- Unchanged parts omitted --------------------------------------------
9.1.3.2
Type-2 HARQ-ACK codebook in physical uplink shared channel

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, the UE generates the HARQ-ACK codebook in the same manner as when the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, as described in Subclause 9.1.3.1, except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook in the same manner as when the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, as described in Subclause 9.1.3.1, with the following modifications:
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 is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2;

· For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook;
< Unchanged parts are omitted >
-------------------------------------------- End of Tex Proposal ----------------------------------------------
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