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Introduction
In RAN1 #104b-e and #106-e, HARQ-ACK feedback enhancements for enhanced IoT and URLLC were discussed with following working assumption and agreement:
Working assumption: To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
In case the UE receives PDSCH of a certain HARQ Process ID, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slo t, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook.
In this contribution, we show our views on the remaining issues on HARQ-ACK enhancements for Rel-17 IoT and URLLC.
SPS HARQ-ACK deferral
Based on the current TS38.213, when the collision for the same HARQ process occurs, UE may have no time to drop the deferred SPS HARQ bit. 
	9.2.5.4	UE procedure for deferring HARQ-ACK for SPS PDSCH 
......
the UE 
-	determines an earliest second slot and, after performing the procedures in clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs, a PUSCH or a PUCCH in the earliest second slot to multiplex HARQ-ACK information bits that include second HARQ-ACK information bits from the first HARQ-ACK information bits
……
-	the second HARQ-ACK information bits, generated as described in clause 9.1.2, are appended in a HARQ-ACK codebook the UE generates as described in clauses 9.1.2, 9.1.2.1, or 9.1.3.1
-	if the UE would receive a PDSCH providing a TB for a same HARQ process as a HARQ-ACK information bit from the second HARQ-ACK information bits prior to transmitting the PUCCH or the PUSCH, the UE does not include the HARQ-ACK information bit in the HARQ-ACK information bits.



One example is shown in Figure 1, a SPS PDSCH with HARQ process number X is transmitted in slot n, and the corresponding SPS HARQ-ACK is deferred to slot n+3. Another PDSCH 1 with the same HARQ process number is transmitted in slot n+2. The gap between the ending of PDSCH 1 and the starting of target PUCCH for SPS HARQ-ACK deferral is less than Rel-15 multiplexing timeline. In this case, UE has no time to reconstruct the HARQ-ACK codebook to be transmitted in slot n+3. To solve this problem, the following solution is proposed to handle the collision for the same HARQ process due to SPS HARQ-ACK deferral:
· If SPS HARQ-ACK corresponding to a SPS PDSCH with a certain HARQ process number is deferred to a target PUCCH/PUSCH, and a later PDSCH with the same HARQ process number is received prior to the target PUCCH/PUSCH,
· If the later PDSCH and the target PUCCH/PUSCH satisfy Rel-15 multiplexing timeline, the deferred SPS HARQ-ACK is dropped;
· Otherwise, the deferred SPS HARQ-ACK is transmitted in the target PUCCH/PUSCH.


Figure 1: The collision for the same HARQ process due to SPS HARQ-ACK deferral
Proposal 1: If SPS HARQ-ACK corresponding to a SPS PDSCH with a certain HARQ process number is deferred to a target PUCCH/PUSCH, and a later PDSCH with the same HARQ process number is received prior to the target PUCCH/PUSCH,
· If the later PDSCH and the target PUCCH/PUSCH satisfy Rel-15 multiplexing timeline, the deferred SPS HARQ-ACK is dropped;
· Otherwise, the deferred SPS HARQ-ACK is transmitted in the target PUCCH/PUSCH.
Enhanced Type 3 HARQ-ACK CB 
Based on the agreement made in RAN1 #106-e, a Type 1/2 CB in one PUCCH slot should be mapped to an eType 3 CB in the same PUCCH slot. Such limitation is applicable when the PUCCH slot lengths of eType 3 CB and Type 1/2 CB are the same or slot-based PUCCH is configured for eType 3 CB. However, when subslot-based PUCCH is configured for eType 3 CB and the PUCCH slot lengths of eType 3 CB and Type 1/2 CB are different, additional clarifications or agreements are needed.
Case 1: A subslot-based HP eType 3 CB and a slot-based LP Type 1/2 CB are allocated in different subslots of one slot, as shown in Figure 2.

 
Figure 2: A subslot-based HP eType 3 CB and a slot-based LP Type1/2 CB in one slot (case 1)
Case 2: A slot-based PUCCH carrying LP Type 1/2 CB overlaps the subslot configured for HP eType 3 CB, as shown in Figure 3.


Figure 3: A slot-based LP eType 3 CB and a subslot-based HP Type1/2 CB in one slot (case 2)
Case 3: A slot-based PUCCH carrying LP Type 1/2 CB overlaps the PUCCH configured for HP eType 3 CB, as shown in Figure 4.


Figure 4: A slot-based LP eType 3 CB and a subslot-based HP Type1/2 CB in one slot (case 3)
To keep the uniform design for case 1~3, we slight prefer to support that if an eType 3 HARQ-ACK CB is triggered in a given subslot, the HARQ-ACK information in a Type 1/2 HARQ-ACK CB to be transmitted in a slot/subslot overlapping with the given subslot should be mapped to the eType 3 HARQ-ACK CB.
Proposal 2: If an eType 3 HARQ-ACK CB is triggered in a given subslot, the HARQ-ACK information in a Type 1/2 HARQ-ACK CB to be transmitted in a slot/subslot overlapping with the given subslot should be mapped to the eType 3 HARQ-ACK CB.
Conclusions
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC with following proposals:
Proposal 1: If SPS HARQ-ACK corresponding to a SPS PDSCH with a certain HARQ process number is deferred to a target PUCCH/PUSCH, and a later PDSCH with the same HARQ process number is received prior to the target PUCCH/PUSCH,
· If the later PDSCH and the target PUCCH/PUSCH satisfy Rel-15 multiplexing timeline, the deferred SPS HARQ-ACK is dropped;
· Otherwise, the deferred SPS HARQ-ACK is transmitted in the target PUCCH/PUSCH.
Proposal 2: If an eType 3 HARQ-ACK CB is triggered in a given subslot, the HARQ-ACK information in a Type 1/2 HARQ-ACK CB to be transmitted in a slot/subslot overlapping with the given subslot should be mapped to the eType 3 HARQ-ACK CB.
References
[1] R1-2200775, “Moderator summary #4 on HARQ-ACK feedback enhancements for NR Rel-17 URLLC/IIoT”, Moderator (Nokia)
Microsoft_Visio_Drawing.vsdx




k1=1
k1=2

slot n
SPS PDSCH
Process #X
PUCCH
deferring
PDSCH 1
Process #X



image2.emf
Subslot-based 

PUCCH for HP 

eType 3 CB

Slot

Subslot 1

Slot-based PUCCH for 

LP Type 1/2 CB  

Subslot 2


Microsoft_Visio_Drawing1.vsdx
Subslot-based PUCCH for HP eType 3 CB
Slot
Subslot 1
Slot-based PUCCH for LP Type 1/2 CB
Subslot 2



image3.emf
Subslot-based 

PUCCH for HP 

eType 3 CB

Slot

Subslot 1

Slot-based PUCCH for 

LP Type 1/2 CB  

Subslot 2


Microsoft_Visio_Drawing2.vsdx
Subslot-based PUCCH for HP eType 3 CB
Slot
Subslot 1
Slot-based PUCCH for LP Type 1/2 CB
Subslot 2



image4.emf
Subslot-based 

PUCCH for HP 

eType 3 CB

Slot

Subslot 1

Slot-based PUCCH for 

LP Type 1/2 CB  

Subslot 2


Microsoft_Visio_Drawing3.vsdx
Subslot-based PUCCH for HP eType 3 CB
Slot
Subslot 1
Slot-based PUCCH for LP Type 1/2 CB
Subslot 2



image1.emf
k1=1

k1=2

slot n

SPS PDSCH

Process #X

PUCCH

deferring

PDSCH 1

Process #X


