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1. Introduction
In this contribution, we discuss following aspects of DL/UL scheduling and HARQ management:
· Fallback operation for semi-static HARQ-ACK codebook
· Timeline collision between multiple receptions or transmissions

2. Fallback operation for semi-static HARQ-ACK codebook
In LTE, when the UE has HARQ-ACK feedback for one PDSCH on the PCell only, no matter what PUCCH format the UE is configured for HARQ-ACK transmission, the UE transmits the HARQ-ACK using PUCCH format 1a/1b. Similarly, for the case of SR only or single P-CSI reporting, the UE uses PUCCH format 1 and PUCCH format 2, respectively. For NR, for HARQ-ACK feedback, one of the PUCCH resource sets is selected according to the UCI payload, and further one PUCCH resource is selected from the PUCCH resource set. For dynamic HARQ-ACK codebook, PUCCH resource set selection based on the HARQ-ACK payload realizes the fallback to the PUCCH format 0/1. However, for semi-static HARQ-ACK codebook, RAN1 has not discussed yet whether/how to support such “fallback” PUCCH transmission. We believe this fallback PUCCH transmission mechanism is very important to ensure the robustness of the system and hence, should also be supported for semi-static HARQ-ACK codebook.
Proposal 1:
· For semi-static HARQ-ACK codebook, fallback PUCCH transmission is supported.
· When the UE has HARQ-ACK feedback only for one PDSCH, the UE transmits the HARQ-ACK using a fallback PUCCH transmission.
· The fallback PUCCH transmission uses PUCCH format 0 or 1.
· If the UE is configured with semi-static HARQ-ACK codebook with HARQ-ACK of more than 2 bits, in addition to the PUCCH resource set for the given HARQ-ACK codebook payload, the UE has another PUCCH resource set for HARQ-ACK of up to 2 bits.
· The “another PUCCH resource set for HARQ-ACK of up to 2 bits” can be configured by UE-specific RRC signaling. When the UE has HARQ-ACK feedback only for one PDSCH on only one serving cell, the UE transmits the HARQ-ACK using the PUCCH resource selected from the “another PUCCH resource set for HARQ-ACK of up to 2 bits”. 
Text proposal can be following. 
	[bookmark: _Ref498101660][bookmark: _Toc500947737]9.2.1	PUCCH Resource Sets
[…]
A UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-resource-set, where the number of PUCCH resources in each set of PUCCH resources is provided by higher layer parameter PUCCH-resource-set-size and where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-resource-index. 


If the UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, for a PDSCH transmission on one serving cell within M of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH, the UE determines a PUCCH resource set to be the first PUCCH resource set with ; otherwise, if the UE transmits  UCI bits, the UE determines a PUCCH resource set to be 
· 
a first set of PUCCH resources if , or
· 

a second set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_2, or
· 

a third set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_3, or
· 
a fourth set of PUCCH resources, if any, if .  
If a UE is not configured with higher layer parameter PUCCH-resource-set, an UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a set of PUCCH resources is provided by higher layer parameter PUCCH-resource-common in SystemInformationBlockType1. 





3. Timeline collision between multiple receptions or transmissions
At the RAN1 #91 meeting, scheduling and HARQ timeline for slot-based and non-slot-based PDSCH/PUSCH were agreed. So far, there is no restriction on scheduling or HARQ-ACK feedback timing and duration. Therefore, following collisions may occur:
· PUCCH transmission vs another PUCCH transmission (Fig.1 is an example)
· UE may be required to transmit a PUCCH at the middle of another PUCCH transmission
· PUCCH transmission vs PUSCH transmission
· UE may be required to transmit a PUCCH at the middle of a PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of a PUCCH transmission
· PUSCH transmission vs PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of another PUSCH transmission
· PDSCH reception vs another PDSCH reception
· UE may be required to receive a PDSCH at the middle of another PDSCH reception
· PDSCH reception vs PDCCH monitoring
· UE may be required to receive a PDSCH at the middle of a PDCCH monitoring occasion
· UE may be required to monitor a PDCCH at the middle of a PDSCH reception
[image: ]
Fig.1	Timeline collision between multiple transmissions or receptions.

RAN1 should discuss and conclude whether/how the above collisions are allowed. The simplest way is not to support those collisions in Rel. 15; the UE is not expected to be required any of the above cases. However, this imposes restriction on NR scheduling flexibility. For example, once a PUCCH with long duration is scheduled due to a reception of a PDSCH, the NW is not allowed to schedule another PUCCH or PUSCH transmission during the PUCCH duration, which causes scheduling delay or requires HARQ-less PDSCH for low-latency traffic with non-slot-based scheduling.
Proposal 2:
· Specify UE behaviors when multiple transmissions or receptions with different timelines are collided.
· PUCCH transmission vs another PUCCH transmission (Fig.1 is an example)
· UE may be required to transmit a PUCCH at the middle of another PUCCH transmission
· PUCCH transmission vs PUSCH transmission
· UE may be required to transmit a PUCCH at the middle of a PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of a PUCCH transmission
· PDSCH reception vs another PDSCH reception
· UE may be required to receive a PDSCH at the middle of another PDSCH reception
· PUSCH transmission vs PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of another PUSCH transmission
· PDSCH reception vs PDCCH monitoring
· UE may be required to receive a PDSCH at the middle of a PDCCH monitoring occasion
· UE may be required to monitor a PDCCH at the middle of a PDSCH reception

As for the UE behavior, prioritizing later scheduled transmissions or receptions is preferable, so that urgent traffic with shorter timeline is prioritized over normal traffic with relaxed timeline. Indeed, LTE shortened TTI already specifies all of the above collision cases, such that short-TTI is prioritized over 1ms TTI. NR can borrow the specifications of LTE short-TTI [1]. 
Proposal 3:
· For the above cases, baseline UE behaviors are to prioritize transmission or reception which is indicated or configured at later timing with shorter timeline, e.g.:
· In case of collision between a PUSCH with starting symbol #n and another PUSCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUSCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUSCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUSCH with starting symbol #n is transmitted on the PUSCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped
· If a UE is indicating the capability of decoding more than one PDSCHs assigned with C-RNTI/SPS C-RNTI in the same time instance for a given carrier,
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCHs.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
· Otherwise if a UE is NOT indicating the capability of decoding more than one PDSCHs assigned with C-RNTI/SPS C-RNTI in the same time instance for a given carrier,
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCH with later starting symbol.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.

Note that RAN1 made following agreements. Therefore, for the collision between PUCCH and PUSCH, it is not possible to piggyback UCI on a PUSCH if the PUSCH start symbol is earlier than the PUCCH start symbol for the UCI.
	Agreements:
· Regarding handling the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH




4. Conclusion
In this contribution, remaining aspects of scheduling and HARQ management are discussed, and following proposals were made:
Proposal 1:
· For semi-static HARQ-ACK codebook, fallback PUCCH transmission is supported.
· When the UE has HARQ-ACK feedback only for one PDSCH, the UE transmits the HARQ-ACK using a fallback PUCCH transmission.
· The fallback PUCCH transmission uses PUCCH format 0 or 1.
· If the UE is configured with semi-static HARQ-ACK codebook with HARQ-ACK of more than 2 bits, in addition to the PUCCH resource set for the given HARQ-ACK codebook payload, the UE has another PUCCH resource set for HARQ-ACK of up to 2 bits.
· The “another PUCCH resource set for HARQ-ACK of up to 2 bits” can be configured by UE-specific RRC signaling. When the UE has HARQ-ACK feedback only for one PDSCH on only one serving cell, the UE transmits the HARQ-ACK using the PUCCH resource selected from the “another PUCCH resource set for HARQ-ACK of up to 2 bits”. 
Text proposal can be following. 
	9.2.1	PUCCH Resource Sets
[…]
A UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-resource-set, where the number of PUCCH resources in each set of PUCCH resources is provided by higher layer parameter PUCCH-resource-set-size and where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-resource-index. 


If the UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, for a PDSCH transmission on one serving cell within M of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH, the UE determines a PUCCH resource set to be the first PUCCH resource set with ; otherwise, if the UE transmits  UCI bits, the UE determines a PUCCH resource set to be 
· 
a first set of PUCCH resources if , or
· 

[bookmark: _GoBack]a second set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_2, or
· 

a third set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_3, or
· 
a fourth set of PUCCH resources, if any, if .  
If a UE is not configured with higher layer parameter PUCCH-resource-set, an UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a set of PUCCH resources is provided by higher layer parameter PUCCH-resource-common in SystemInformationBlockType1. 





Proposal 2:
· Specify UE behaviors when multiple transmissions or receptions with different timelines are collided.
· PUCCH transmission vs another PUCCH transmission (Fig.1 is an example)
· UE may be required to transmit a PUCCH at the middle of another PUCCH transmission
· PUCCH transmission vs PUSCH transmission
· UE may be required to transmit a PUCCH at the middle of a PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of a PUCCH transmission
· PDSCH reception vs another PDSCH reception
· UE may be required to receive a PDSCH at the middle of another PDSCH reception
· PUSCH transmission vs PUSCH transmission
· UE may be required to transmit a PUSCH at the middle of another PUSCH transmission
· PDSCH reception vs PDCCH monitoring
· UE may be required to receive a PDSCH at the middle of a PDCCH monitoring occasion
· UE may be required to monitor a PDCCH at the middle of a PDSCH reception

Proposal 3:
· For the above cases, baseline UE behaviors are to prioritize transmission or reception which is indicated or configured at later timing with shorter timeline, e.g.:
· In case of collision between a PUSCH with starting symbol #n and another PUSCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUSCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUSCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUSCH with starting symbol #n is transmitted on the PUSCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped
· If a UE is indicating the capability of decoding more than one PDSCHs assigned with C-RNTI/SPS C-RNTI in the same time instance for a given carrier,
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCHs.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
· Otherwise if a UE is NOT indicating the capability of decoding more than one PDSCHs assigned with C-RNTI/SPS C-RNTI in the same time instance for a given carrier,
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCH with later starting symbol.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
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