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1. Introduction
[bookmark: _Hlk505523468]Following agreements have been achieved in previous meetings [1] - [3]:
	#92bis

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.

Working assumption:
· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,
· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n
· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 
· The definition of N1 and N2 follows the same definition in current NR spec. 
· X and Y are non-negative integer values.
· FFS on values of X and Y 
· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 
· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.
· FFS: how to handle HARQ-ACK for semi-static PDSCH.
· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.
· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 
· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

2018 NR AH#1:

Agreements
· It is clarified that based on previous agreements, when UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS
· This applies to the case regardless of whether UL-SCH is present on PUSCH or not 
#90bis

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



In this contribution, we discuss UCI multiplexing aspects which is essential to support June drop URLLC services. 

2. Enhancements for flexible URLLC scheduling
As listed in Section 1, there are various restrictions for Rel. 15 NR December drop. For URLLC services having tight latency and/or reliability requirements, it is essential to enhance scheduling flexibility. For example, current specifications and UE features do not allow more than two PUCCHs on a serving cell in different symbols within a slot, although NR supports short PUCCH mapped on any symbols in a slot. This restriction is not feasible for URLLC operation; HARQ-ACK is multiplexed on one PUCCH which results in latency and large HARQ-ACK payload on one PUCCH, HARQ-ACK cannot be distributed across symbols within a slot, etc (see Fig.1 (a)). Therefore, following is natural to be supported as part of URLLC feature (see Fig.1 (b)). Note that this has already been available for LTE short-TTI and HRLLC:
Proposal 1: 
· For June drop URLLC, a UE transmitting more than two PUCCHs on a serving cell in different symbols within a slot is supported. 
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(a) Rel.15 Dec. drop NR.
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(b) More than two PUCCHs per slot.
Fig. 1 Issue on the number of PUCCHs per slot.

[bookmark: _GoBack]Another restriction harmful to URLLC operation is the timing relationship between DL assignments and UL grant for HARQ-ACK piggyback on PUSCH. According to the current restriction, once gNB sends a UL grant, the gNB cannot send DL assignments after the UL grant unless HARQ-ACK for the DL assignments are mapped a slot later than the slot for the PUSCH transmission. URLLC latency requirement is quite stringent; only 0.5ms is available for U-plane latency. Therefore, such restriction should be removed from URLLC operation.
Proposal 2:
· For June drop URLLC, support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH.
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Fig. 2 Issue on restriction on DL assignment opportunities

For proposal 2, there was hot discussion on handling the HARQ-ACK feedback for DL assignments later than UL grant mapping on the PUSCH. The main concern is that UE has difficulty to rate matching the PUSCH due to the late HARQ-ACK piggyback once PUSCH data is constructed based on the UL grant. In order to address this, following alternatives can be selected:
· Alt 1: Limit to up to X ACK bits for later DL assignments and ACK bits for later DL assignments puncture PUSCH. If actual received number of later DL assignments exceeds the X, consider it as an error event.
· Alt 2: no restriction for later DL assignments
· Alt 2-1: do bundling to generate X-bit HARQ-ACK, then the X-bit HARQ-ACK for later DL assignments punctures PUSCH.
· Alt 2-2: if the total number of HARQ-ACK exceeds the X, drop the PUSCH, transmit PUCCH; otherwise HARQ-ACK bits for later DL assignments punctures PUSCH.
· Alt 2-3: no HARQ-ACK feedback for the DL assignments later than UL grant for the same PUSCH.
Considering the usage and effectiveness for URLLC service, Alt 2 is preferred. 
3. Support UCI FDMed with DMRS
In order to meet the reliability requirement of URLLC, for uplink, frequency-hopping is one of effective ways to improve the performance especially for the case of low code rate. However, current agreement prohibits UCI on PUSCH for 1-symbol PUSCH, 2-symbol and 3-symbol PUSCH with frequency hopping. Without frequency-hopping, wider transmission bandwidth or longer transmission duration is necessary, resulting in lower spectrum efficiency. Especially this is unfriendly to mmwave using analog-BF operation, where it is expected that gNB schedules both PDSCH and PUSCH for the given UE/beam. 
Regarding the agreement that prohibits FDM of UCI and DMRS, the original intention is to specify common UCI mapping for DFT-s-OFDM/CP-OFDM waveforms for UCI on PUSCH. However, for 1-symbol PUSCH, 2-symbol and 3-symbol PUSCH with FH, DFT-s-OFDM waveform is no longer applicable, the reason to forbid the UCI FDMed with DMRS is not hold anymore. Therefore, following is proposed:

Proposal 3: 
· Support UCI FDMed with data for 1-symbol PUSCH and 2/3-symbol PUSCH with frequency hopping regardless of whether UL-SCH is present on PUSCH or not, at least for one DMRS configuration/type.
· FFS: which DMRS configuration/type
4. Collision handling between eMBB and June drop URLLC
For the same UE supporting URLLC traffic, it is important to support cancelling cancel on-going uplink transmission to start transmission of another traffic. The issue is not only for uplink but also for downlink. By default, NR has collision cases listed below:
· 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
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Fig.3	Timeline collision between multiple transmissions or receptions.

In order to support low-latency (and high-reliability) operations, NR specifications should allow these cases at least for the same UE. Indeed, LTE shortened TTI already supports all the cases.
Proposal 4:
· Specify UE behaviors when multiple transmissions or receptions with different timelines are collided, as part of June drop of Rel.15 NR.
· 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

We consider NR should support following cases. 
1. Receive up to one PDSCH in one slot
2. Receive more than one TDMed PDSCHs in one slot
3. Receive a PDSCH that cancels previously scheduled another PDSCH overlapped in time
4. Receive more than one PDSCHs in one slot
5. Transmit up to one PUSCH in one slot
6. Transmit more than one TDMed PUSCHs in one slot
7. Transmit a PUSCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time
8. Transmit up to one PUCCH in one slot
9. Transmit more than one TDMed PUCCHs in one slot
10. Transmit a PUCCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time

Among them, for 3, 7, 10, there are no corresponding UE features for December drop of Rel.15 NR. It would be difficult to mandate 3, 7, and 10, for all the UEs and therefore, it seems challenging to support UE behaviors for 3, 7, and 10, by the December drop of Rel.15 NR. Our desire is to support these UE behaviors at least by the June drop of Rel.15 NR, as part of URLLC features. As the mechanisms, 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 [4]. 
Proposal 5:
· For case 3,
· If valid DL assignments are detected based on C-RNTI/CS-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.
· For case 7,
· If valid UL grants are detected based on C-RNTI/CS-RNTI in PDCCH or configured grant for more than one PUSCHs in the same time instance for a given carrier, the UE should transmit the PUSCH with later starting symbol.
· 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
· For case 10,
· In case of collision between a PUCCH with starting symbol #n and another PUCCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUCCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUCCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUCCH with starting symbol #n is transmitted on the PUCCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped

5. Conclusion
In this contribution, we discussed UCI multiplexing on PUSCH and timeline collision between multiple receptions or transmissions for a given UE and for different UEs and proposed following.
Proposal 1: 
· For June drop URLLC, a UE transmitting more than two PUCCHs on a serving cell in different symbols within a slot is supported. 
Proposal 2:
· For June drop URLLC, support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH
Proposal 3: 
· Support UCI FDMed with data for 1-symbol PUSCH and 2/3-symbol PUSCH with frequency hopping regardless of whether UL-SCH is present on PUSCH or not
Proposal 4:
· Specify UE behaviors when multiple transmissions or receptions with different timelines are collided, as part of June drop of Rel.15 NR.
· 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 5:
· For case 3,
· If valid DL assignments are detected based on C-RNTI/CS-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.
· For case 7,
· If valid UL grants are detected based on C-RNTI/CS-RNTI in PDCCH or configured grant for more than one PUSCHs in the same time instance for a given carrier, the UE should transmit the PUSCH with later starting symbol.
· 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
· For case 10,
· In case of collision between a PUCCH with starting symbol #n and another PUCCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUCCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUCCH with starting symbol #n
· The UE shall not resume the dropped/stopped transmission
· HARQ-ACK on the PUCCH with starting symbol #n is transmitted on the PUCCH with starting symbol #n+x
· CSI on PUSCH with starting symbol #n is dropped
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