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1. Introduction
In this contribution, UL data transmission procedure for June drop URLLC is discussed. 
2. Indication of Repetition Factor K 
Repetition is one important feature to ensure the reliability and enhance the coverage in a simple way. In the current spec., the repetition factor K is semi-statically configured by RRC for each BWP of a given serving cell (i.e., repetition factor K is configured by PDSCH-Config or PUSCH-Config), which makes repetition less flexible and useful. For example, once repetition K is configured larger than 1, e.g., K=4, then always 4 repetitions are conducted for both 2-symbol and 14-symbol transmission durations (see Fig.1 (a)). This is unreasonable, especially for a UE supporting both eMBB and URLLC services, dynamic switching between the eMBB and URLLC services are needed; this is also useful for mixed services not only for eMBB + URLLC but also for VoIP + Data. (see Fig.1 (b)). Together with repetitions within a slot proposed in the next section, one-shot 14-symbol transmission is more suitable for eMBB traffic to improve the spectrum efficiency and four 2-symbol repetitions should be enabled for URLLC traffic (see Fig.1 (c)). In addition, especially for URLLC traffic, some companies believe current NR can support flexible transmission durations, hence repetition can always be replaced by longer transmission duration. However, it increases latency; Furthermore, current TBS is deterministic to the number of available REs for a given PUSCH/PDSCH; therefore, it cannot ensure the transmission of a fixed TB size such as 32 Bytes with flexible duration with flexible BW. In addition, the size of the time-domain resource allocation field also limits the flexibility of the transmission duration. Therefore, dynamic indication of repetition factor K should be supported.
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(a) Current Dec. drop of NR.
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(b) eMBB/URLLC/VoIP multiplexing with dynamic indication of repetition factor K.
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(c) eMBB/URLLC multiplexing with dynamic indication of repetition factor K and repetitions within a slot.
Fig. 1 Indication of repetition factor K.

Proposal 1: 
· Support dynamic indication for repetition factor K. 
3. Repetition construction for data mapping type B  
Based on above discussion, it is very important to support repetitions for data mapping Type B with more flexible way so that NR supports various traffic types including tight latency and reliability requirements. It is noted that in LTE HRLLC WI, repetitions using short-TTIs, i.e., sub-slot (2 symbols) or slot (7 symbols), are supported. Therefore, to make NR attractive with reasonable specification efforts, simple mechanism for repetitions using data mapping Type B within one slot should be supported for NR URLLC June drop. For example, if all the K repetitions can be accommodated in the same slot, all K repetitions are performed within the slot, where the first PUSCH transmission occasion is determined based on the joint indication of start symbol and length of the PUSCH, and the following repetitions are allocated consecutively to the first PUSCH and have the same length; otherwise, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot. By this way, no other complicated issues need to be handled, for example when the remaining resource/symbols within one slot is not enough for one repetition, what is the time-domain resources for the remaining repetitions so that the slot boundary is not crossed.
[bookmark: _GoBack]Proposal 2:
· Support repetitions within one slot for June drop URLLC. 
Proposal 3:
· To support repetitions within one slot, 
· If all the K repetitions can be accommodated in the same slot, all K repetitions are performed within the slot, where the first PUSCH transmission occasion is determined based on the joint indication of start symbol and length of the PUSCH, and the following repetitions are allocated consecutively to the first PUSCH and have the same length; 
· otherwise, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot.

4. Frequency hopping for PUSCH repetitions within one slot
If the above proposal 2 is supported, then only the intra-slot frequency hopping mode can be applied for PUSCH repetitions within one slot. To align the intra-slot frequency hopping boundary with the single-slot or multi-slot PUSCH transmission, it is desirable to adopt following:
Proposal 4:
· To support intra-slot frequency hopping for PUSCH repetitions within one slot, the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceil(N/2) where N is the number of repetitions within a slot.
5. 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.1	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 5:
· 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 [1]. 
Proposal 6:
· 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
6. Conclusion
In this contribution, we discuss the UL data transmission procedure for June drop URLLC. Following are the summary:
Proposal 1: 
· Support dynamic indication for repetition factor K. 
Proposal 2:
· Support repetitions within one slot for June drop URLLC. 
Proposal 3:
· To support repetitions within one slot, 
· If all the K repetitions can be accommodated in the same slot, all K repetitions are performed within the slot, where the first PUSCH transmission occasion is determined based on the joint indication of start symbol and length of the PUSCH, and the following repetitions are allocated consecutively to the first PUSCH and have the same length; 
· otherwise, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot.
Proposal 4:
· To support intra-slot frequency hopping for PUSCH repetitions within one slot, the number of repetitions in the first hop is floor(N/2), the number of repetitions in the 2nd hop is ceil(N/2) where N is the number of repetitions within a slot.
Proposal 5:
· 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 6:
· 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
References
[1] R1-1805495 ~ R1-1805499, ‘Corrections for shortened processing time and shortened TTI in 36.213’

- 2/6 -
image2.emf
URLLC eMBB

VoIP

K=4

K=2

K=1 K=2

eMBB URLLC

K=1

VoIP

K=4

K=2

eMBB


image3.emf
URLLC

eMBB

K=1

eMBB

K=1

eMBB

K=1

eMBB

K=1

K=2

eMBB

K=1

eMBB

K=1

eMBB

K=1 K=1

eMBB

K=1

eMBB

K=1

eMBB

K=1 K=1

URLLC

K=2

URLLC

K=2

URLLC

K=2

eMBB eMBB


image4.emf
DL

UL

PDSCH#1

Normal latency traffic

Low-latency traffic

HARQ-ACK for

PDSCH #1 on long-PUCCH 

PDSCH#2

HARQ-ACK for

PDSCH #2 on short-PUCCH 

PDCCH#1 PDCCH#2


image1.emf
URLLC eMBB URLLC

Ex) Repetition factor K=4

S=0, L=14, Type A

S=8, L=2, Type B

S=4, L=10, Type A

S=8, L=2, Type B

VoIP

K=4 K=4

K=4 K=4


