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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In this contribution, some remaining issues are discussed including,
· Necessity of allowing more than two short PUCCH TDM within a slot
· PUCCH resource allocation for mini-slot scheduling
· Collision between AN and single SR
2. [bookmark: OLE_LINK12]Necessity of allowing more than two short PUCCH TDM within a slot
Regarding the number of PUCCHs within one slot in TDM manner, some agreements were achieved at last meeting [1].
Agreements:
· To adopt the following TP for 38.213, Section 9.2.3:

A UE may transmit one or more two PUCCHs on a serving cell in different symbols within a slot of  symbols as defined in [4, TS 38.211]. In case of two PUCCHs in the slot, at least one of them is based on PUCCH format 0 or 2.
In the current design, at most two PUCCHs can be transmitted within one slot. However, considering mini-slot scheduling, e.g., Figure 1, the PUCCH transmission can occur in many possible starting symbols if such pipeline scheduling and feedback is performed. Therefore, the current mechanism which at most two PUCCH can be transmitted within one slot might not be enough.
From the design of RRC signaling, a PUCCH resource can be configured at any symbol in a slot. A UE can be configured with different resources with different starting symbols to support several PUCCHs TDM within one slot.
[image: ]
Figure 1: mini-slot scheduling, e.g., pipeline scheduling and feedback
Proposal 1: For URLLC, to support pipeline scheduling and feedback, more than 2 short PUCCHs can be transmitted in different symbols within one slot should be supported.
3. PUCCH resource allocation for mini-slot scheduling
In the current design, the PUCCH start symbol is determined by 
· K1, which is indicated by PDCCH and 
· K1 denotes the number of slots between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information.
· startingSymbolIndex, which is a set of values is configured by RRC and 3bit ARI in PDCCH indicates a certain value. 
· startingSymbolIndex denotes the start symbol index of the PUCCH transmission within the slot
However, considering mini-slot scheduling, e.g., Figure 1, the PUCCH transmission can occur in many posssible strat symbols if such pipeline scheduling and feedback is performed. Therefore, the current mechanism which is RRC with ARI indication might not be enough.
For the PHY design, one of the possible solutions in order to allow such pipeline feedback can be as follows,
· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information.
· Alt 2a: K1 is re-interprates as the number of symbols.
· For example, K1 denotes the number of symbols between the PDSCH reception/DL SPS release and the PUCCH transmission. And this applies to both slot-based and mini-slot-based scheduling. In such design, the startingSymbolIndex in RRC configuration is not applicable/not used (revert previous agreeement).
· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.
· Some of the K1 values denotes the number of symbols between the PDSCH reception/DL SPS release and the PUCCH transmission. And in such case, the RRC configured startingSymbolIndex is not applicable.
· Some of the K1 values denotes the number of slots between the PDSCH reception/DL SPS release and the PUCCH transmission. And in such case, the RRC configured startingSymbolIndex is used to deterine the start symbol index of PUCCH within the slot.
Proposal 2: consider the following alternatives in the NR specification 
· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information
· Alt 2a: K1 is re-interprates as the number of symbols.
· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.
4. Collision between AN and SR
[bookmark: OLE_LINK6]During the last meeting, it was intensively discussed about the collision between AN with PUCCH F1 and SR with PUCCH F0, and finally, the following agreements were achieved [1].
Agreements:
· When HARQ-ACK PUCCH resource with PUCCH F1 overlaps with SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot,
· The UE transmits only HARQ-ACK in the HARQ-ACK PUCCH resource (i.e the UE does not transmit SR if it is positive). 
[image: ]
Figure 2: Collision between AN with F1 and SR with F0
[bookmark: OLE_LINK4]Firstly, for a UE supporting both eMBB and URLLC service, it is assumed that UE can differentiate eMBB/URLLC service in PHY layer. For HARQ-ACK feedback, PHY layer can obtain the service information based on DCI [2]. For SR configuraiton, UE can obtain priority information from the high lager information if possible or derive from the SR period length (e.g., period less than one slot corresponding to high priority).
For URLLC service, to gurantee low latency requirement, SR may be configured with a very short period, such as 2-symbol. For eMBB, there is no strict latency restriction, to yield better link performance, AN can be indicated to feedback using PUCCH format 1 in the duration of 14-symbol. For a UE support both eMBB and URLLC simulatenously, if we follow the above agreements to drop SR and transmit AN only when they collide whatever SR is positive or negative, it will block at most 7 SR occasions to transmit SR for URLLC, which will greatly increase the latency to request a UL scheduling. Hence, in our view, when eMBB HARQ-ACK PUCCH resource with PUCCH F1 overlaps with URLLC SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot, UE will transmit SR (if positive) and drop AN.
[bookmark: OLE_LINK1][bookmark: OLE_LINK5]Proposal 3: To guarantee the low latency requirement, when eMBB HARQ-ACK PUCCH resource with PUCCH F1 overlaps with URLLC SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot, 
· The UE transmits SR (if positive) in the SR resource and drop AN
· A SR is for URLLC if,
· Alt 1 : Periodicity is short, e.g., 2-symbol, or
· Alt 2 : indicated/derived from higher layer
5. Conclusion
In this contribution, some remaining issues are discussed including
· Necessity of allowing more than two short PUCCH TDM within a slot
· PUCCH resource allocation for mini-slot scheduling
· Collision between AN and single SR
And it is proposed that
Proposal 1: For URLLC, to support pipeline scheduling and feedback, more than 2 short PUCCHs can be transmitted in different symbols within one slot should be supported.
Proposal 2: consider the following alternatives in the NR specification 
· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information
· Alt 2a: K1 is re-interprates as the number of symbols.
· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.
Proposal 3: To guarantee the low latency requirement, when eMBB HARQ-ACK PUCCH resource with PUCCH F1 overlaps with URLLC SR PUCCH resource with PUCCH F0 with the same starting symbol in a slot, 
· The UE transmits SR (if positive) in the SR resource and drop AN
· A SR is for URLLC if,
· Alt 1 : Periodicity is short, e.g., 2-symbol, or
· [bookmark: _GoBack]Alt 2 : indicated/derived from higher layer
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