3GPP TSG RAN WG1 Meeting #92bis
R1-1803698
Sanya, China, April 16th – April 20th, 2018
Agenda Item:
7.2.5
Source:
Huawei, HiSilicon
Title:
Discussion on semi-static HARQ-ACK codebook for slot aggregation
Document for:
Discussion and decision 
1 Introduction

In RAN1#91 and RAN1#Adhoc 1801, the following on slot aggregation were agreed [1][2].
Agreements:

· Aggregation factor (1, 2, 4, 8 for DL or UL) is semi-statically configured separately (i.e. not part of table) 

· No additional RRC impact how to use the aggregation factor along with the tables

Agreements:

· In case of slot-aggregation is configured

· the same symbol allocation is used across slots in UL

· Note: this aligns with the DL case

· the TB is repeated across the slots

· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)

· In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL
In RAN1#92, the following agreements on Type-1 HARQ-ACK codebook determination were reached [3].
Agreements:

· Confirm the following working assumption with updates:
· Working assumption: In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH within a DL association set for HARQ-ACK feedback on the Pcell, the UE reports HARQ-ACK only for the one PDSCH
· Additional constraint: only if UE detects DCI format 1_0 with counter DAI value of 1

Working assumption:

· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:

· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 

· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot; 

· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE

In this contribution, we discuss some remaining issues on Type-1 HARQ-ACK codebook determination for UEs configured with PDSCH slot aggregation. 
2 Discussion 
2.1 Codebook size considering slot aggregation
According to section 9.1.2 in [4], the Type-1 HARQ-ACK codebook is determined by a set of semi-static configurations by RRC, i.e. the values of K1 set, SLIV and K0 for non-overlapping PDSCH per slot, and UL-DL TDD configuration. Accordingly, the Type-1 HARQ-ACK codebook size is dependent on the following parameters: number of values in the K1 set, number of CCs, non-overlapped PDSCH per slot and number of CBGs per CC.

Table 1 Assumption for Type-1 HARQ-ACK codebook

	Parameters
	Value

	K1 set
	{0,1, 2, 3, 4, 8}

	aggregationFactorDL
	4

	DL-UL configuration
	FDD system

	CW number per PDSCH
	one

	CGB feedback
	disable


Note that DL slot aggregation was not considered in Type-1 HARQ-ACK codebook determination. It is not clear whether the current procedure can be applied for UEs configured with DL slot aggregation. To ease the analysis, one example is given based on the assumptions provided in Table 1. To simply the case, it is assume that there is only one non-overlapped PDSCH occasion in each slot. Assuming slot aggregation is not configured, the size of Type-1 HARQ-ACK codebook is 6 bits. However, when slot aggregation is configured, i.e. aggregationFactorDL = 4, UE can not receive two overlapping PDSCH transmisions within PDSCH 0 to PDSCH 3 at the same time. Therefore, if the same HARQ-ACK codebook size is applied, there will be many redundant bits. Furthermore, this becomes more severe when CBG or carrier aggregation is configured and/or when there is more than one PDSCH occasions per slot. The fundamental reason is that the value in K1 set will be not all valid when PDSCH slot aggregation is configured.

Based on the above analysis, the size of the Type-1 HARQ-ACK codebook should be reduced in case that slot aggregation is configured.
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Figure 1. Type-1 HARQ-ACK codebook size determination without slot aggregation.

To determine Type-1 HARQ-ACK codebook for UEs configured with slot aggregation, the above problem can be summarized as determining the non-overlapping PDSCH transmissions. This issue is similar to determining the non-slot transmission within one slot. Therefore, the solution can also be very similar. One possible solution is that the UE can reduce the valid entries in the configured K1 set based on the number of aggregated slots. This procedure is illustrated in the following three steps. 

· Step 1: Get and record the smallest K1 value in the current K1 set.

· Step 2: Remove the K1 from the K1 set, whose value is smaller than the smallest K1 value plus slot aggregation number.  

· The removed K1 values associated with the same HARQ-ACK bit(s) in this time. The HARQ-ACK bit(s) is arranged behind the last time.

· Step 3: Iterate Step 1&2 until the current K1 set is empty.  
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Figure 2. Type-1 HARQ-ACK codebook size is 3 bits with considering slot aggregation.

As shown in Figure 2, the HARQ-ACK codebook size is from 6 bits to 3 bits, i.e. 50% reduction. Therefore, we have following proposal and the corresponding text proposal in the Appendix.  

Proposal 1: Adopt the three steps in section 2.1 to determine the Type-1 HARQ-ACK codebook for UEs configured with DL slot aggregation. 

2.2 Fallback mode considering slot aggregation
According to [4], if a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for a PDSCH reception or SPS release scheduled by DCI format 1_0 with a DAI field value of 1 on the PCell, the UE determines a HARQ-ACK codebook only for the PDSCH or the SPS release. This is the fallback operation for Type-1 HARQ-ACK codebook. If slot aggregation is configured, e.g. aggregationFactorDL = 4, as shown in Figure 3, there is only one PDSCH transmission spanning 4 slots. However, based on the current specification, the UE will report 8 bits on a PUCCH or PUSCH instead of 1 bit as an example. Hence, there are many redundant bits. One possible solution is that if a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for multiple PDSCH receptions scheduled by one DCI format 1_0 with a DAI field value of 1 on PCell, the UE determines one HARQ-ACK for the PDSCHs. In this way, fallback operation will be applied in the case of Figure 3. Therefore, we have following proposal and the corresponding text proposal in the Appendix.  
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Figure 3. Fallback mode of Type-1 HARQ-ACK codebook size with considering slot aggregation.

Proposal 2: If a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for multiple PDSCH receptions scheduled by one DCI format 1_0 with a DAI field value of 1 on PCell, the UE should determine one HARQ-ACK for the PDSCHs.
3 Conclusions
In this contribution, the Type-1 HARQ-ACK codebook size considering PDSCH slot aggregation is discussed. The following proposals are made and the corresponding text proposals are provided in Appendix:

Proposal 1: Adopt the three steps in section 2.1 to determine the Type-1 HARQ-ACK codebook for UEs configured with DL slot aggregation. 

Proposal 2: If a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for multiple PDSCH receptions scheduled by one DCI format 1_0 with a DAI field value of 1 on PCell, the UE should determine one HARQ-ACK for the PDSCHs.
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9.1.2 Type-1 HARQ-ACK codebook determination

This subclause applies if the UE is configured with HARQ-ACK-codebook=semi-static.
If a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for a SPS PDSCH release or only for a PDSCH reception or only for multiple PDSCH receptions configured with aggregation-Factor-DL > 1, within the[image: image4.wmf]c
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 occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, that is scheduled by a DCI format 1_0 with a counter downlink assignment indicator (DAI) field value of 1 on the PCell, the UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only the PDSCH reception; otherwise, the following procedures for a HARQ-ACK codebook determination apply.
9.1.2.1
Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving cell [image: image5.wmf]c

 and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines a set of [image: image6.wmf]c
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 occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information in a PUCCH in slot [image: image7.wmf]n

. The determination is based:
a) on a set of slot timing values [image: image8.wmf]1
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 associated with the active DL BWP
a. If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell [image: image9.wmf]c

, [image: image10.wmf]1

K

 is  provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0;
b. If the UE is configured to monitor PDCCH for DCI format 1_1 on serving cell [image: image11.wmf]c
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 is provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1; 
c. If the UE is configured to monitor PDCCH for both DCI format 1_0 and DCI format 1_1 on serving cell [image: image13.wmf]c
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 for DCI format 1_0 is  provided by the intersection of (a) the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1 and (b) the union of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1.
b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation associated with the active DL BWP and defining respective sets of slot offsets [image: image15.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, higher layer parameter UL-DL-configuration-common-Set2, 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 in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell [image: image16.wmf]c

 as described in Subclause 10.1.

If the UE is configured with aggregationFactorDL > 1, the UE determines the candidate index set of slot timing values [image: image17.wmf]1,
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For indexes of slot timing values in set K1 associated with a same value of [image: image40.wmf]k
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, where e, the UE is not expected to receive more than one PDSCH in a row of pdsch-symbolAllocation in same slot.  
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 occasions for candidate PDSCH receptions or SPS PDSCH releases according to the following pseudo-code.
Otherwise, for the set of slot timing values [image: image44.wmf]1
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if the UE is provided higher layer parameter UL-DL-configuration-common, or higher layer parameter UL-DL-configuration-common-Set2,  or higher layer parameter UL-DL-configuration-dedicated and at least one OFDM symbol of the PDSCH time resource derived by row [image: image59.wmf]r
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